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Sumemary — The competitiveneys o a mesquite Kinzobnam (AZ-5M1) and vs ability (0 survve in desert soils
was compared 1o a selected commercil stram (AAS), In a greenbouse study, the native solve

1

aut-competed siramn 3AS in nodule cecupaney, when apphed as a mixed inozulant to seed gernnr atzd

and grown an sand culture, and srogated with Nefree patrients, A hieh incrdence of nodule double
cecupaney was fuand when double strain moculants were used. The survival rate of the two struine way
tested in three desert soils ina controlled laboratory study. The desert strain AZ-M1 grew and survived
av i the soils for 1 month, The commeraal strwn 31AS, did not grow, and the population decreased
i b days from 0% eells g ! dry soil to below 10Y cells g 'L Both strains survived 1o i fesser extertin a
sadine-sodic soil. A significant morphological change fioma rod o @ coccus was observed 2 days alter
stram 3AS nad been mtroduced into the desert sanls.

INTRODUCTION

Mesqaite (Procopes s atree legume prominentin the
southwestern part of the United States, and other
senn-artd regons of the world, The nitrogen fixition
abiity of tus legume has been confirmed in con-
trofled conaitions (Badey, 1976; Eskew ard Ting,
1978 TFeiker and Clark, 1950; Ruandel er ol 1932;
Shoushtan ond Pepper, 198€5).

Nitrogmn fixation eflectiveness 18 an important
criterion used i the selection of strains of rhizobia
for moculants. Studies on the competitiveness of
strains and their persister z¢ in soil have introduced
additional eriteria for the selection of pood inozulants
(Amarger, 1951 May and Bohlool, 1983}, The com-
petitiveness of a strain is a measere of its ability for
nodule occupancy, in the presence of other strains of
the su ne species. Highly competitive strains will be
found in most nodules on a legume, whereas uncom-
petitive strains will become eliminated auring the
nodulation process. regardless of how eflicient they
are at fixing N,

The suceessiul introduction of any new rhizobial
strain into sotl depends o environmeatal factors, as
well  as inateractions  between  indigenous  micro-
organisms present in the soit and the introduced
strain. Survival and multiplication in the soil and
rhizosphere of a legume plant are necessary for a
successful symbiosis to be initiated (Smith and Miller,
1974; Pugashetti and Wagner, 1979, 1980). Currently,
little is known of the natural populations of fnesquite
rhizobia in Sonoran desert sotls. We have evialuated
the competitiveness and survival of a native strain
AZ-M1 isolated from the Sounoran Desert against a
best selected commueercial strain, 2LAS.

HATERIALS AND METHODS
o ) )
Competitiveness of strains
A greenhouse experiment was con lucted to evalu-
ate the competitiv:ness of the 2 selected strains of

0~

mesquite rhizobtas the native sitain AZ-M1 and a
commercial strain 3AS (vourtese Nitragin Com-
pany, Milwaukee) were shown to be highly eificient
al tixing Ny (Shoushtari and Pepper. 1985). These
ind adual strains and mixiures of the strains were
useu as inoculints for mesquite seed. A comnletely
randomized design was used with cach inoculation
treatment repicated 4 times. The total volume of
inoculant was I ml Inocult were made by growing
chizobia Lo log phase in veust extract mannitol broth
(YEM brothy and the inoculation treatments used are
showr in Table 2.

Eleven liter plas.c buckets filled with crystal silica
sand (partiie size 0.5-1.0 nun), were each planted
with 17 @ anfied mesquite seeds (Shoushtari and
Pepper, ' *85), and seedlings were late - thinned to 10
per buc t. Plants were watered twice weekly with
250 ml ° fres macronutrients (Sieger, 1969) and mi-
cronutricnts (Vincent, 1970). Plants were harvestad
afier 7 weeks and evaluated for M, fixation. Data
col.ected inclnded shoot weight, root weizht, nodule
weight, total shoot N and the (7, H. reduction assay
(Hady er al., 1968).

To determine the competitiveness of each strain,
the serological method of the fluorescent antibody
technique (FA) was employed (Schinidt er al., 1968)
to determine proportiona! nodulation due to each
strain. Twenty nodules were randomly selected from
cach replicate for FA identification against the 2
antisera. Roots and atiached nedules were washed in
distilled waer containing 0.1%, Tween 80 on the day
of harvest, and then dried in an oven at 60°C for 24 h.
Each individnal nedule was crushed in | ml of sterile
water and a loop ul of the homogenate was smeared
on a cleaned microscope slide. One drop rhodamine
gelatin isothincyanate (RHITC) was applied onto
each slide and dried in an oven at 60°C, followed by
addition of 1 drop of specific FA. Slides were then
tield in a humid chamber (a Petri dish vith a moist
filter paper) in the dark for 30 min at room tem-
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Table I Some chemical and plasacal properties of the soils used i the survival
stidy

Sl Gathard! Siewart’ Laveen’
Sand ®°, PR vl 88
Clay °, M0 26.1 230
Silt 6.8 i0.8 382
Texture Sty clay loam Sundv clay loam Loam
pH* K2 08 77
ECe dSin 72 i1.2 Ly
Na' mequivt ? %9 373 8.2
ESP °% 1.5 6.6 4.3
% orgame € 1.0 0.3 0.6

"Fine lodray, mired thermic Typic Natragids: saline
Loamy mxed., thermic shatlow Typic Durorthids saline-winali.
t

Coarse-loamy
alhaline.
‘Saturated paste
Measured m saturated eaiiact,

perature. Physiological concentrazion of saline wiater
was later used to rinse the excess FA off the slhide.
Slides were then soaked in saline water in the dark fo;
I5min, and finally rinsed in distilled vater and air
dried. Later, they were examined under a4 Zeiss
ultra-violet microscope for a positive or negatve
response against the appropriaie antiserun:.

Survival of mesguice rivizebia

Survival of the o strains of mesqguite rhizobia
was compared in three ditferent Sonoran Desert sodls
These surlace soils (3-15 ¢m) represent some of the
common soils of the Sonoran Desert {Table 1 and
include a wide range of physical and chemica, prop-
erties. Al soils were lisht textured with hivh pl,
typical of Sonoran Desert soils. Electrical conduc-
tivity (EC,) varies from 1.9 dSm (non-saline) 1o
11.2dSm ™ (siine). Exchangeable sodium ©; varies
from 4.3 10 26.6, with the latter soil being classified
as sodic. Organic C values were low, except for the
194 value of the Gothard, which would be fairly high
for a desert 50il. Fresh soii samples collected from the
field were stored in plastic bags at 4°C. Later, the
saruples were air dned at room temperature and
sieved ( < 2mm). Ten g air-dried soil sumples were
transferred into 150 ml milk dilution botties, followed
by addition of tml of log phase culwre of cither
strain, and encugh sterile water to bring euch il
sample to near field capacity (33 kPa tension). Soils
were thorouchly mixed, and the sempice bottles were
completely randomized and held in the durk at 25°C
Treatments included three soils naintuned for 0, 2.
7, 14 or 28 days with cither strain, and repheated 4
umes. Before this experiment all 3 soils were tested
for indigenous cross-reacting bacteria. None were
found for cither strain in any soil.

e

mued, hvpertherinic Typic Calciorthuds: non-siline, non-

To recover the bacteria from the soil a: each
sapling, the density centrifugation method of Wol-
lum and Miller (1980) modified by M. S. Miller
{unpublished Ph.D Dissertation. University of Ari-
zona, 1983) wus employed. The recovered bacteria
were enumeratzd oy means of the FA technique
(Schmidt ¢ al., 196%) using the Zeiss ultra-violet
nucroscope based on an average of 20 tields shide !
after cpplying the appropriate antiserum,

RESULTS

Competitiveness of strains

The native strain AZ-M| aut-competed the com-
mercial sirain 31AS in nodule occupancy (Table 2),
Even whea 10" cells of AZ-M1 had been combined
with [0 cells of 31AS, the nodules contained 479
strain AZ-M! compared to 25% 31A5 with 26.3% of
the noduies being double infected. The proporironal
recovery of AZ-M1 in the nodules increased as the
number of cells of AZ-M1 increased in the mixed
inocutum. Mc  uninoculated plants were without
nodules but eccasional large nodules were found on
a few plante Overall contamination was minimal.
Nedules fro the uninocuiated treaiment weic 95%;
contaminater with AZ-M1 and 5% unknown where
nane of the strains were detected. This contamination
wes probably caused by airborne transfer of AZ-IM1
in the greenhouse. Contarnination is also the likely
cause of AZ-M1 in nodules, when 31A5 was the sole
inoculent. The fact that airborne contaminant cells of
AZ-MI could cause nodulation when 31AS was the
sole roculant is a further indication of the com-
petitiveness of AZ-M1. Where both strains were
applied a: a mixed inocufant, they were found as
double occupants of nodules. The highest proportion

Table 2 Pereentage of nodules ferred on mesquite by inoculum struins

Inoculum Strams recovered in nodules
(cells plant=") (4 of total)

AZ-MI” JIAS AZ-M) 31AS AZMIL+ 31AS Unknown
0 0 95.0¢ 0.0 09 5.0
10! 0 98 8 00 0.0 1.3
[ 10° 17! 800 13.3¢ 5.0
10* 10* §6.3 2.5 1.3 0.0
10 10* 63.5 8.5 24.0 0.0
10 1ot 47.0 250 263 1.8

'Contamination by the native strain AZ M|,
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fnoculum
(cells plant')

Acetylene

AZ-MI 3AS

Table 3. Etfectivencess av aftected by muntures of the I inoculanty

Nuodule Shant Rout

total plant

reduction weight werght weight N
(nmol plant 'h ")y (g plant ™y (mar plant 'V (my vl

WY (myg plant !

¢ 0 1.ba 0494 117 8t 119.98ah 12
e 0 $24a s 8ob 193 11ix 11 dhab Vilab
0 1? 8.1a 2.20ab 128 9% 136 31ab 200
[y e 27.0a 1.27ub 142 201b 146 90he MR
o iy 155 313ub [XTIRANES AR 2,500
10! n 151 .4b 13 St NEREE 154 Toe 191b

Values in columns followed by the same fetter do not ditfer spnipeantly (F = uty)

of double occupancy of nodules was observed when
hoth strains were apphied as moculants with at least
10 cells of 31A S, Double occupancy decreased as the
ratio of AZ ML o 31TAS increased.

Lilectveness £, ixation) of mesquite rhizobia as
ifiuenced by mixtures of the two strains in the
mocutum s presented in Table 3.0, H, reduction was
not signiticands  different (£ = 0?()5.) between  the
treatments except for the inoculum which continned
10% cells of AZ-M1 and 10* cells of 31AS. Nodule
formed in this treatment showed sigmificanty highes
C.Hy oreducuon values and were 470 AZ-MI,
250, 3TAS with 26,37 showing double occupancy
(Tuble 2). With the presence of both strains in many
of the nodules of the plants, hittle diffevence in CLH,
reduction was expected between the trewtments. No
sigmticant ditferences in nodule mass v ore observed

between any treatments, except when 10 cells of

AZ-MUV and 100 cells of 3IAS were applied as m-
oculant. Again note that when AZ-M! dominated
nodule vccapaney, nodule mass wnded to increase
relative to when 31AS was dominant. Shoot weipht
followed simifar trends, but root wetght data Srowed
no discermble trends.

Survival of mesquite rhizobia

Fnc survival rate of mesquite rhizobia in the three
Aricona sotls was directly related to the str: " intro-
duced into the soil. Figure 1 shows the sur- vl rate
of both stratns in the soils.
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Fig. 1. Survival of strains in three soils.
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The commercial st survived poorly in all sou.
The number of cells 1ecovered from the Stewart soil
was stemticantly lower than from the other sotls
sguesting the iniluence of soil ferors such as salinity
and sodrety, pHEand orgame C (Table D). Two days
Alter ~bnn 2EAS wis introduced into all desert sotls,
it chanzed from a red to acoceus. The desert strinn
AZ-NMT survived wellin all seils, but survival was also
aenitornty ower i the Stewart soil. The number of
colls of the natve straie increased in the Gothard
aad Toaveen soids atter 2 days, and then gradually

X Overall,  AZ-M1 showed
et suraval i the Gethard sol The
foo o rUstinn was in peneral, forly

decressed the
sieatticantly b

populution NIHE

stable i the sotls after 2owecks (P 1)

DISCUSSION

[e desort < AZ-MT was more competitive

it 1A S when applied as a mixed inoculant.

than
Comaettsmess of thizobia independent of effective-
ness tues been reported by May and Bohlool (1983),
Amarger (1981 and Josephson and Pepper (1984).
However the otz AZ-M1 was competitive and
effective . Competitiveness was independent of cell
numbers as shown by the bigh proportional recovery
of AZ-M1 trom nodules (Table 2) even when strain
AZ-M1 wis gieathy outnumbered in the inoculant.
Robert and Schmdt (1983) and Josephson and Pep-
per {1934 reported the same finding when evaluating
the competitivencss of R. fegurainosarum, biovar
phaseuli. Robert and Schmidt (1983) also reported no
correlation between the competitiveness of a strain
and the numbers of that sirain in the rhizosphere. A
high incidence of Jouble-strain oceupancy wis found
when both strains were applied together as the noc-
ulant. Mav und Hohlool (1983) found a close re-
lationship between the competitiveness of a strain
and its 1nvolvement in the formation of doubly
infected nodules. Josephson and Pepper (1984) re-
ported that a highly competitive strain of R. legumi-
nosarun, biovar phaseoli tended to form doubly
infected nodules. In our study AZ-M1 was highly
competitive, so thai when both strains were’ present
in the inoculant, but with AZ-MI outnumbered,
AZ-M1 still managed to infect the plant root, and be
present in most nodules. The reverse was not truc
when 31A3 was outnumbered. Note also that con-
tamination oaly of AZ-M1 was found. Plants inocu-
lated with 10° cells of AZ-M1 and 10° cells of 31AS
gave greater biomass, with most nodules being oc-
cupicd by the native isolate, and a large number of
double infections. These data are from plants har-
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vested after 49 davs compared 1o those harvested
after 60 days in o previous studv (Shoushturi and
Pepper, 1985). However, bomass daia and N,
fixation data from both studies correlite well. Button
and Allen (1949 and Dorosinskii and Makuorova
(1977) have also shown that plants moculated with a
mixture of etfective strains, vave better vield and a
higher N content than those with single stram inoc-
ula. Competitiveness of a strain may also depend on
the host pl 1 Strain host interactions were noticed
by May and Boblool (1983) with K. leguminosarum
and Russell and Jones (1973 with R, frifodi. Rhi-
cobiwm strain traits appear o be predommantly

determinant for infecusie:, for detined efficiency off

symbiotic N fixation, and possibly for the com-
petitiveness ot the strain.

Strain AZ-M!U survived better o all sorls than
JiAS. Since stramn AZ-MI1 s native to the soils of the
southwest, and was isolated from a high pH soil, then
this organisi may have originated from a saline or

sodic sotl, and it appears 1o have some degree of

tolerance to salinity and whalinity, as well s to
the lack of nutritional materials prevalent in desest
soils, The ditferences i the survival rate of the desert
isolate i the three Arrzona sotls are probably duee o
several fuctors. The soils vaned pready o then
electricat conducuvity (ECH exchangeable sodium
percentage (ESP) pH o and orzane O The fact thae
both rhizobia Jid pooriv iy the Stewart sol may veny
well be due to the unfuvorable conditions of this soil
This soil contains the least organic O, the ighest BC
the most sodium and the highest pH. Penc-Cabriates
and Alexander (1983) found that addition of organic
matter to sotl promoted the growth of rhizoba, The
Gothard sotl with 19 organic C may have turnished
the native isolate with more nutrients than the other
soils. The commercial strain 31AS wias not able (o
withstind the conditions of the desert soils. Rhizobia
have no s cific nutriional requirements (Vincent,
1977} and should be able to survive and to compete
with oth inhabitants of the soil for nutrients unless
the strai el lacks the natural tolerance o over-
come the unfuvorable conditions in soih. A signiticant
morpholsgical change was observed 2 duys after the
introduction of the commercial strain 31AS into all
soils. This wus a morphological change in cell shape
from rod to a coczus and hus been recorded by
Bohtool and Schmidt (1970) and Crozat et ai. (1982)
who worked with R. juporicum. The change to spher-
ical shape, and later the dromatic decline of this stram
3TAS in the soils suggest that this change may be a
defensive response to stiess.

Strain. AZ-M1 is an infective, eiective, highly
competiive strain, capable of surviving in desert
soils. The presence of an indigenbus strain of
mesquite rhizobia in the Senoran Desert mav be
important ecologically as a source of N,
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