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MESQUITE RHIZOBIA ISOLATED FROM THE SONCRAN
DESERT: PHYSIOLOGY AND EFFECTIVENESS

NasTarait H. SnousHTar! and Iax L. PEPPER
Department of Soil and Water Science. 429 Agricultural Sciences. Universily of Arizona, Tucson,
AZ 85721, US.A.

(Aceepted 15 Februar 1985)

Sunamary—A mesquite Rhizobium isolated 1rom the Sonopan Descot (strain AZ-M1) and a cemme reial
mesquite Rhizobitm vbtained from the Nitragin Compury (strain 51A5) were choser as Superiol strains
from among many evaluated in a screening study of the etficiency of mesquite rhizobia. Both strums were
fast-growing and acid-producing in defired media. The descrt strain AZ-M1 had the shortest meun
geineration time of 3.5 h. Strain 31AS grew Yester in broth omended with various sugars and amino acids.
but generally produced less acid. The deser” strain showed greater resistance to various antibiotics than
Aid 31AS. In a greenhouse study N upplied at high rates ishibited N, fixation when cither strain was use¢
as inoculunt for mesquite seed. At low N rates, AZ-31 fixed more N than 31AS. Total N, nodue v 2ight,
C;H, reduct:on, mesquite shoot weight and root we. sht were all significamtly increased when AZ-M1 was
the applied inocwant. This study s:ows that the mesquite Rhizobium AZ-M! isolated from the Sonoran
Desert is infective and efiective on nuesyite seedlings. Fast growth rate. acid production ang high
resisince to antibiotics in laboratory media may indicate the adaptation of this orgarism to its microbial
uiche in the Sonoran Desert.

INTRODUCTION MATERIALS AND METHODS

Mesquite (Prosopis) is a tree legume which consti-  [solation of indigenous strains from the Sonoran Desert
tutes u major component of the semi-arid ecosystenis To isolate indigenous rhizobia that would
of the world, yet littie information is currently avail- effectively nodulate mesquite (Prosopis juliflora var.
able regarding its N, fixing capabilities. Even less is velutiaa) an experiment was conducted in a green-
known cf the organi.ms responsible for this fixation. house at the University of Arizona Experimental
Bailey (1976). reported rodulation of honey mesquite Fa.m in Tucson, Arizona in November, 1980. Mes-
(Prosopis glandulosa torr. war. glandulosa) in the quite seed was collected from the ground under trees
greenhiouse in response to inoculation with field soil. locates along washes in west Tucson. Seeds were
Nodulation of mesquite has also been reported by scaridied using sandpaper and were planted in poly-
Eskew and Ting (1973) and Fe.ker and Clark (]980). viny chloridcbpipcs (12 cm dia, 75 cra long) contain-
However, nodulation has not bren observed in a_ ing crystal silica sard (grude 20). One g of air-dry soil
nataral field situation, no doubt in part because of taken from beneath a mesquite tree was used 1o
the depth: of rooting of mesquite trees. Felker and inoculate each seed, with S seed column~'. Columns
Clark (1982) reported that th: presence of nodules on were ieplicated to allow 2 ¢ slumns to be dismantled
mesquite grown in colmns wus in part dependent on and sampled each week for the presence of nodules.
the depth at which the soil became moist. N-free macronutrients (Sloger, 1969) and micro-
The exient of N fixation has been estimated by puyrients (Vincent, 1970) werc added at the time of
Kohl er al. (1987, Rundel et ul. (1932) and Felker watering. Plants were watered every other day during
(1979). Estimates have ranged from 25-30kg N 10 {he first 3 weeks of growth, and later twice a week
150 kg M ha~'yr'. Thesc inows of fixed N would be with 200 m) of nutrient solution column-".
important in deseit ecosystzms, where N is often After 8 weeks of growth nodules were observed on
liraired. Tiedemann and Klemmedson (1973) showed , 1, plants. A Gram-negative erganism was isolated
that soil beneath mesquite trees contained almost 3 from 2 nodule. and maintained on a Yeast Extract

times as mnch organiz C and N as that Sutside of the Ager (YEM) slant, for fu.re studies (Vincent, 1970},

mesquite’s foliage cover. This ortanism indigenous to the native soil was
Mesquites are useful for cattle forage, firewood designated AZ-M1.

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

recently estimated that plantation productivity could
be 15,000 kgha='yr-",

Since, scant information is available on the mus-
quite N, fixing organisms. we have evaluated the
characteristics of mesquite rhizotia. In this paper
we report ou the physiology and effectiveness of 3
superior stran isolated from the Sonoran Desert,

Screcning of strains

A second experhinent in Murch, 1981, involved
testing the native isolate from ihe first greenhouse
study against some commercial strains of rhizobia
(Nitragin Company, Milwaukee) known to form
nodules on mesquite. A walk-in growth chamber
(Percival, model PGW-9675) with day and night
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temperatures of 28°C and 22°C respectively was used
with a photo-period of 12h, Inocula were made by
growing the following rhizobia o log phase in YEM
broth (YEMB): Prosopis spp (host), 133Z1 (strain);

Coronilia vaia, 3188; Coronilla cretica, 31A3: Buptisia
alba, 15A1 and Prosopis juliffora, AZ-M1.

Mesquite sceds were scarified using sandpaper,
surface sterilized (rinsed with 93% ethanol. soaked
for 3 min in 0.2% acidiiied HgCi., and rinsed with 3
changes of sterile water). They were then soaked on
wet filter papers for 24 h, and planted into 2000 ml
plastic pots containing ervstal silica sand. One ml of
late log phase inoculum was pipetted directly onto
each seed. (107 cell seed ', 5 seeds pot 1), They were
watered with 130 ml M-free nutricat solution twice
week. Plants were examined after 70 days tor nodules.
Differences in the extent of nodulation among the
different inocula l2d to the selection of two superior
strains for further studies.

Physiology of sclecied strains

The two selected rhizobia were examined culturally
in different media. The erowth rates of the two strains
in YEMB were determined in nephlometer finsks
aerated on u rotary shaker (Labline Orbit Shaker
3590) at 100 rev min . Turbidity of the cultures was
monitored by use of a spectrophotometer (Bausch
and Lomb Spec. 20) ai a wavelength of 420 pm (data
not reported). Concurrently, samples were taken
aseptically. diluted and plate counted on YEM agar.
Growth of the two strains and subsequent pH
changes in a defined medium (Tan and Broughton,
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 the viable cell number estimated
by plate counts on YEM agar mediwn, The pH of the
medium was measured on a Leeds and Northrup pf
meater (Model 7413).

Growth of ‘he two strains was also tested on
different combinations ol amio acids, (asparagine and
slutamine) and sugars (fructose, galactose and glu-
cose). Mannitol and yeast extract were eliniinatad
from normal YEMB medinm when testing other
amino acid-sugar combinaticns. Sugars were added
at a concentration of 60 mat and the amino acids at
6 mM final concentration (Tan an< Broughton, 1981)
Growth was detéermined by measuring the tucbidity
of the culture on a spectrophotemeter at 630 nm.

The antibiotic disk susceptibility test (Antoun,
1982) was used to measure the intrinsic resistance of
the two strains of Rhizobium to known antibiotics.
Antibiotics were. penicillin 10 units; ampicillin 10 pg;
cephalothin 30 ug; sulfadiazine 0.25 mg; carbenicillin
100 i g; chioramphenicol 30 u1g; methicillin 5 pg; neo-
mycin 30 ug; streptomycin 10 ug; tetracycline 30 pg;
kanamycin 30 pug; erythromycin 15ug. The two
strains were cultured in YEM broth and grown for 4
days at room temperaiure on a rotary shaker. Log
phase culs}lres of 107 ceis ml~' were diluted 20-fold.
YEM agar plates were then surface inoculaced in
duplicate by addition of 3.5ml diluted culture of
either straiv, 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 were examined and
straing classified according to their resistance (g
antibiotics (Difco Manual, 1953) by measuring the
diameter of the zone of inhibition around cach
Sensi-disc.
Erfectiveness of strains

The two selected strains of mesquite Rhizobium,
Coronilla cretica 31AS from Coronilla eretica, and the
nutive isolate AZ-MI, were used in a study to com-
pare thetr N, fxation efficiency under different rates
of N fectilization. This study was prrtormed in a
greenhouse at the University of Arizona  Experi-
mental Farm in Tueson. Arizona in July 1981, Plastje
buckets (1 litre) were filled with crystal silica sand.
Mesquiie seeds were treated as previously, before
planting. Filteen seeds bucket ' were planted and
later thinped to 10 bucket !, Seeds were inoculated
with 1 ml ol log phase culture of either strain grown
in YEMB and watered with N-free nutrient solution
(230ml twice a wezk) or nutrient solution with
ditferent levels of N fertilizer. These were 0, 10, 20,
<0, 80 or 160 mg N kg ' as KNO,. Treatinents were
completely randomized with 4 replicates treatment ',

Plants were harvested alter 60 days when they were
at deast 300mm tall. Roots were separated from
shoots at the cotyledon scars. The C,H. assay (Hardy
et al., 1965} wvas performed on the intact root systems
with nodules to cvauate biological N, fixation.
Shoot. roct and nodule weight were determined, and
their N coatent by use of microKjeldah! techniques
(Ereriner. 1965).

RESULTS AND DISCUSSION

Isoladion of indigencus strains

Among the N-free nutrient treated columns in the
greenhouse with seil as the inoculant, some plunts
had a few small nodules (2-3 mm dia) enabling us to
1sotute a mesquite Rhiizobium indigencus to the native
sl of Tucson. Use of ihe fluorescent antibody
technique (Schmidt ¢f «f., 1968) conhirmead the pres-
ence of AZ-M1 in all nodules tested.

Screening of strains

The comparison study of nodulation in the growth
chamber resulied in the selection of the native isolate
designated AZ-M1 and a commercial strain isolated
from nodules of Coronilla cretica inoculated with
strain 31A 5 (Nitragin Company, Milwaukee). Selec-
tion of the Rhizohium was based on the relative

number and mass of effective nodules on the roots of

mesquite seedlings. The biomass of the rlants and
height data were also considered in selecting the two
inoculants. Nodules formed by the native-isolote were
found mostly on small roots and ranged from | to
10m in length and 1-6 mm dia. Nodules formed by
the best selected commercial strain 31AS5 ware dis-
tinctly smaller in size than those {rom strain AZ-M1.
Nedules from both strains were multi-lobed, a char-
acteristic resulting from continuous meristematic
growth (Bergersen, 1978).

Pliysiology of selected strains
Growth of ei*her strain in YEMB indicated that

Log na{vicble cells ™
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Fig. 1. Growth of natise strain AZ-M1 in defined medium.
Mean generation time, 3.5 h.

AZ-MI and 31AS were both fast-growing strains.
Mean generation times were 3.4 h for AZ-MI1 and
4.1 h for 31AS. Growth of the rhizobia in the defined
medium of Tan and Broughton {1981) resulted in
mean generation times of 3.5h and 1.8 h for AZ-M|
and 31A3, respectively (Figs 1 and 2). Strain 31A5
decreased the pH of the medivm from 6.9 to 4.9. A
decrease in pH to 6.3 was noted with AZ-M1. The pH
decreases are characteristic of fast-growing rhizobia
(Norris, 1965; Tan and Broughton, 1981). Tan md
Broughion (1981) found the acidic pH change cansed
by fast growing rhizobia to be the result of selective
utilization of substrate, which is also coupled to the
secretion of various organic acids. Cooper (1982)
suggested that acid or alkali production was a
markedly variable stratn characteristic, which s
influenced by changes in the comnposition of growth
medium. He also reported that acid or alkali can be
generated by one strain in a single medium at
different phases of the growth cycle. Cooper (1782)
also found the pH changes to be associated with
relatively high cell densities even in unbuffered media
The decrease in pH caused by strain 31AS at the
stationary phase, is in agreement with the work o
Cooper (1932). Although care must be taken in
assigning ecological significance to acid production in
laboratory media, we feel that the potential for acid
production via metabolism, may be an advantage to

desert organisms existing in high pH soils and may be
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Fig. 2. Growth of strain Coronilla cretica 31AS in defined
medium. Mean generation time, 3.8 k.

the result of adaptations to the desert environment.
Fast-growing acid producing strains of the normally
slow-srowing alkali-producing R. lupini have also
been tound to prevail in the Sonoran Desert.

Growth of erther strain in the modified YEMB
(mannitol and yeast extract eliminated) supplemented
with various amino acids and sugars was not good
(Taole 1). Normal (YEMB) medinm was used as
control to compare growth in the modified media.
Strain 31AS grew relatively well in the combination
of asparagine with galactose mannitol or glucose.
Some growth was also observed in the combination
of glutamine with mannitol or glucose. Tan and
Broughton (1981) found their 6 strains of rhizobia
to grow well on all the first 4 combinations of
Table 1. They also nouced an acid reaction produced
by fast growing strains in these media. The ptl of the
combinations in which growth was obscrved with
strain 31A5 terded to drop only slightly, except for
-he combination of asparagine and glucose where the
pH decreased from 7.1 to 6.5, Strain AZ-M1{ grew
slightly in most combinations except when fructose
was the sugar. AZ-M1 also grew in the presence of
yeast and galactose whereas 31A3 did not. In several
instances the pH of the medium decreased dra-
matically with strain AZ-M1, even though growth
was slight. It is worth noting that none of the
combinations of amino acids or yeast with the sugar
fructose provided growth for either strain.

Table |. Growth of AZ-M1 und 3LAS on combinations of sugars and anuno acids in modified YEMB

Stram
. AZ-MI JIAS
- ps
Substrate )
combinatidn *  Inital pH Absorbunce Final pH Absorbance Final pH

Glutamine + fructose f 6.1 - 0.0l 6.1 0.02 6.1
Glutamine + galactose . 12 0.04 5.7 0.01 71
Glutamine + nanaitol - 714 0.06 7.2 0.12 7.1
Glutamine + glucose 7.1 0.06 6.2 .08 7.0
Asparagine + fructose 6.4 0.0i 6.4 0.01 6.2
Asparagine + galactose , 1.0 0.01 1.0 7034 6.8
Asparagiie + mannito! : 1.5 0.06 6.0 0.45 7.1
Asparagine + glucose 11 0.08 5.1 0.30 6.5
Yeast + fructose 5.8 0.01 5.8 0.0l 5.7
Yeast + galactose 6.9 0.36 6.6 0.02 6.3
Yeast + inannito} (control) 1.5 0.82 6.7 0.96 6.8
Yeast + glucose 6.7 0.54 6.4 0.22 6.5
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Tuable 2. Effect of anuibiotics on the growth of strains
AZ-MI and 31AS

Strauns
AZ-MI J1AS

Antibiotic disks Zone of inhibition (mm)

Penicillin 10 0 42
Ampiciiin 19 2 40
Cephalothin 30 0 46
Sulfadiazine 0.25 36 65
Carbenicillin 100 30 50
Chloramphenicol 30 3 3t
Methicdlin § 0 27
Streptomycin 10 18 26
Tetracycline 30 40 15
Kanamycin 0 22 19
Erythromycin 1 20 20
Neomyein 30 14 10

Differences in acid production in the defined me-
dium of Tun and Broughton (1981), may be related
to utilization of sugars by strain 31AS. This medium
contained lysine and glucose. Substances causing the
pH change could be produced as by-products of total
or partial digestion of substiates or be secreted by
rhizobia during growth (Tan and Broughton, 1981).
Acid production by either strain may be beneficial in
the high pH soils of the arid southwest.

The antibiotic disk susceptibility test measured the
variation in the intrinsic resistance of the two strains
of mesquite rhizobia to 12 different known antibiotics
(Table 2). Stramn 31AS was, in general, sensitive to all
12 antibiotics. This strun proved to be the least
sensttive to neomycin 30 with a 10mm zone of
imhibition, and to be the most sensitive to tetracycline
30 with & 75 mm zone of inhibition. Strain AZ-M|
showed high intrinsic antibiotic resistance to penicil-
lin 10, cephalothin 30, and methicillin. This strain
was very sensitive to sulfadiazine 0.25 and tet-
racycline 30 as was the strain 31AS (Table 2). Using
this tese, these two strains can be identified under
laboratory con .tons using at least 3 of the [2
antibioticu. Sp~ific intrinsic antibiotic resistance pat-
terns are now :termined for Rhizobium inoculants to
differentiate -
(Beynon and osey, 1980). It is of interest that desert
soils are often of high pH and at low moisture
potentials. These are conditions which may promote
growth of actinomycetes relative to other organisms.
Actinomyecetes often produce antibiotics under labo-
ratory conditions, and this may explain the higher
intrinsic resistance of the desert strain adapted to
desert conditions, although it does not explain re-
sistance to penicillin which is produced by a mold.
Again care in extrapolating laboratory responses to
field situations must be taken. However, Maqbul

Ve
L

¢m from strains residing in the soil .

Table 3 Eflect of NOFN on N fivaton by
AZ-MI and 31AS

Acetylene reduction

Added N (amol plant "*h™"
(mgt™") AZ-M| JIAS
0 329.4 1244

10 279 989

20 101 .4 491

30 35 23

80 240
160 269

Each two values which are underlined do not
differ sigmficantly (£ =0.01)

Hossain and Alexander (1984) have enhanced soy-
bean rhiizosphere colonization by using antibiotic
resistant strains of R, japonicum.

Effectiveness of strains

L the second greenhouse study velvet mesquite
seedlings were inoculated with either strain AZ-M|
or 31AS, and nodulation occurred with both strains.
All variables were analyzed according to the Statisti-
cal Package for Social Sciences (1977). A 2-way

analysts of variance was run to analyze the etfects of

NO,-N treatments, strain ditferences and their inter-
actions. Separatton of the means was performed at
the 1% level of signihcance using the least
Significance Difference (L.SD) test (Stedd and Torrie,
1960).

There was a significant strain by N treatment
interacticn with respect to N, fixation as shown by
the C,H, assay (Table 3). The detert strain fixed
significantly greater N than 31AS at the 0 or
10mg N1 rates. At higher rates, both strains
reacted shmilarly. As N rates icreased, N fixation
decreased. Thus, N fixation would be favored by the
low N values usually associated with desert soils.

The effect of NOy as an inhibitor of N fixation is
clearly shown in Table 4 where d¢ . are averaged
over both strains. C,H, reduction and nodule weight
decreased with increased N. How. er, N fixation at
low applied N rates was able to pr mote good shoot
growth. Total plant N was afso stmular for all treat-
ments except the zero N rate. Generally root weights
decrease with increased applied N; although this
trend does occur at high N rates, the effects are
confounded at low W rates by N fixation.

Dazzo and Brill (1978) reporwed the inhibition of

nodulation of clover «t the stage of infection, when
the soil contained significant amounts of N. They
fourd the degree of binding of R. irifolii to roo’. hairs
and the levels of lectin present decreased with in-
creasing NO; and NH} concentration. Accumu-

; Table 4. Effect of NO;-N fixation and plant biomass production

Added N Acetylene reduction Nodule weight  Shoot weight  Root weight Total N
(mg!™" (nmol plant='h~") (mg plant™") (mg plant™")  (ng plant™')  (mg plant™')
0 2269a 14.95a 317.75a 189.75ab 7.16a
10 161.9b 12.10b 416.88b 225.75hc 8.80ub
20 a 75.3¢ 7.34¢ 411.63b 234.63¢ 8.66ub
/ 40 28.9¢ t.71d 403.38b 223.13bc 9.77b
80 2A.8¢c 0.70d 400.75b 212.38abc 9.36b
160 2i3c 0.31d 361.25ab 171.50a 9.36b

Values followed by similar letter do not differ significantly (£ = 0.01).
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TablC 5. Strain differences in N fixation and plant biomass pro-
duction
Strains
Variables AZ-M ILAS
Toul N (mg plant™") 9.51a $.21b

Nodule weight ¢mg plant~!' 6.70a S61h
T Acetylene reduction (nmol pl\nl ‘h™h 57116
shoot wenrht (mg plnt” 346.96h
Rool welght (my ph ml") 194.21h

T yalues 10 rows followed by aditferent letter do differ siemiticantly

(F =041

Jation of NO, as o result of nitrate reductase activity
by rhizobia and subsequent destruction of indole
acetic acid may be another possible mechanism pre-
venting infection (Arp und Zumtt. 1983). indole
acctic acid produced by rhizobia from tryptophane
has been implicited in the infection process (Nutman,
1977). However. Gibson and Pagan (1977) found
retarded nodulation in the presence of NO; even with
the matants of R. wrijolii detective in nitrate reduc-
tase. Although the reason behind the inhibitory effect
of NO;-N is stlll o controversy. it is clear that the
inhibition of NO.-N in this experiment must have
occurred either at the stege of infection or nodule
initiation. Nitrogen also inhibited nitrogenase activ-
ity within nodular nuterial and reduced the amount
of N fixed. Examination of the data in Table 4 shows
that averaged over both strains. the specific activity
decreased from 152 when zero N owas applied to
10.3 nmol mg nodule *h ' when 20mg ™" of N was
added.

The mean of the diflerent variables for the two
strains regardless of NO-N treatments are shown in
Table 3. All 3 vartables were significantly different for
the two strains (P = 0.01). Although the difterence is
only large for C.H, reduction and shoot weight, the
desert isolate showed its significant superionty over
31A5 in every variable analyzed in ths experiment.
Interactions were only evident in the C,H, data.

This study has shown that the mesquite Riuzobium
strain AZ-M 1 indigenous to desert soils is infective
and effective, and capable of fixing N in the low N
soils of the desert southwest. This strain exhibited
physiological ditterences 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-M1 has adapted to its microbial niche
in the Sonoran Desert.
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