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Abstract 
Azospirillum isolates were obtained from rhizosphere soil and roots of three cactaceae species growing 

under arid conditions. All Azospirillum isolates from rhizosphere and roots of Stenocereus pruinosus and 
Stenocereus stellatus were identified as A. brasilense; isolates of surface-sterilized roots from Opuntia 
ficus-indica were both A. brasilense and A. lipoferum. Azospirilla per g of fresh root in the three species ranged 
from 70 x 10 3 to 11 • 10 3. The most active strains in terms of C2H2 reduction (25-49.6nmol/h-ml) and 
indoleacetic acid (IAA) production (36.5-77/~g/ml) were those identified as A. brasilense and isolated from 
Stenocereus roots. A. lipoferum isolated from Opuntia roots produced low amounts of IAA (6.5-17.5/tg/ml) 
and low C2H2-reduction activity (17.8-21.2 nmol/h, ml). 

Introduction 

Several reports indicate that bacteria of the 
genus Azospirillum have been isolated mostly from 
the rhizosphere (Caballero-Mellado y Vald6s, 1983; 
D6bereiner and Day, 1976) and roots (Lakshmi et 
aL, 1976; Wong and Stenberg, 1979) of forage 
grasses and cereals, from diverse geographic re- 
gions (Haahtela et al., 1981; Tyler et al., 1979) 
with much higher frequencies in tropical than in 
temperate-climate regions (D6bereiner et al., 1976). 
Azospirillum has also been isolated from roots of 
various non-gramineous plants, such as Ipornoea 
batatas, Manihot esculenta and Pteridium aquilinurn 
(D6bereiner, 1978), Lotus corniculatus, Hedychium 
coronarium and others (Kosslak and Bohlool, 
1983). Isolation from roots of xerophytic plants 
including several species of Opuntia has also been 
reported (Rao and Venkateswarlu, 1982). 

Several studies have shown that Azospirillum 
reduces N a (Kapulnik et al., 1985; Nur et al., 1980), 
and has also the ability to produce plant growth 

substances such as auxins and cytokinins (Hart- 
mann et al., 1983; Jain and Patriquin, 1985; Reyn- 
ders and Vlassak, 1979; Tien et al., 1979). 

The present work was conducted to assess the 
occurrence of Azospirilla in the rhizosphere and 
roots of three Cactaceae (Opuntia ficus-indica, 
Stenocereus pruinosus and Stenocereus stellatus), to 
evaluate the indoleacetic acid (IAA) production 
and the ability to fix nitrogen in culture by Az- 
ospirillum isolates. The potential of these bacteria 
to colonize roots, reduce N 2 and produce IAA 
make them important in plant nutrition and 
growth. 

Material and methods 

Location 

Soil and root samples were collected in Tepeya- 
nhualco de Cuauht6moc, Puebla State, Mexico 
(18049'02 '' N and 98007 ' W; nearby the interstate 
road 150 M6xico-Orizaba; altitude 1940 m) during 
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May 1983 (23.7~ and 75.7mm rainfall). The cli- 
mate class is BSwk (Garcfa, 1973): semi-cold, arid 
with 665mm annual rainfall, and 21~ annual 
mean temperature; dominant vegetation is a nat- 
ural stand of xerophytic shrubs. 

Root and soil samples 

Soil (sandy loam, low organic C, pH 7.6) and ten 
root samples from each plant (Opuntiaficus-indica 
L., Stenocereus pruinosus Otto and Stenocereus 
stellatus Pfeiffer) were carefully collected, placed in 
clean polyethylene bags and immediately transpor- 
ted to the laboratory. Samples were kept at room 
temperature for 18 h prior to analysis. Collection 
was done from adult cactaceous plants during the 
flowering stage, within a 40, 000 m 2 area (4 ha), to 
an approximate distance of 75-100m between 
plants of the same species. 

Media 

Nitrogen-free semisolid malate medium (NFb) 
(D6bereiner et al., 1976) was used as an enrichment 
culture for Azospirillum. For isolation and pure 
cultures, Congo Red medium (Rodriguez C~iceres, 
1982) and potato infusion agar (Baldani and D6be- 
reiner, 1980) were employed. All Azospirillum 
strains were maintained in trypticase-soy agar 
(TSA) (Tyler et al., 1979). Succinate-fructose-salts 
broth (Jain and Patriquin, 1985) was used to esti- 
mate any IAA synthesized by Azospirillum. 

Isolation 

Care was taken to keep rhizosphere soil intact 
around the root. Later, the root samples were rin- 
sed in sterile distilled water (three times) and imm- 
ediately surface-sterilized by immersion for 10min 
in 1% Chloramine T. Subsequently, roots were 
washed in sterile distilled water and in 25 mM pho- 
sphate buffer, followed by three more washings 
(Baldani and D6bereiner, 1980). The root samples 
were cut into pieces 5 to 8 mm long (10 replicates 
per plant; 100 per species) and placed in 10ml 
serum vials containing 5ml of NFb medium. 

Others vials containing NFb medium were ino- 
culated with rhizosphere soil. These cultures were 
incubated at 32~ for 24-72 h. Later we proceeded 
to do two different tests in order to verify typical 
Azospirilla colonies: 1) white, dense, undulating 
pellicle 1 - -  3 mm below the surface from vials were 
streaked on Congo Red plates which were in- 
cubated at 32~ After 72 h small scarlet colonies 
were observed, indicating the presence of Azos- 
pirillum sp. (Rodriguez C~iceres, 1982); 2) colonies 
from this first isolation were streaked on potato 
agar plates, incubated at 32~ for 7 days, and 
transferred to TSA for biochemical and microscop- 
ic identification tests. 

Azospirilla counts 

The roots were surface sterilized as mentioned 
above, and 1-g samples of root were weighed, 
ground with a pestle in a sterile mortar with 9 ml of 
NFb broth (pH 6.8) where malic acid and bro- 
mothymol blue were omitted. Ten-fold dilutions 
were made from the macerate. Dilutions from 10-1 
to 10 -6 w e r e  inoculated to NFb semisolid medium 
and incubated at 32~ for 24-72 h. Azospirilla were 
counted by the most probable number (MPN) 
method, using the McCrady tables. Three replica- 
tes per dilution were made. The positive vials 
(showing pellicle) were streaked in Congo Red 
medium to verify the presence of Azospirillum. 

Identification of Azospirillum sp. 

Isolates identification was based on biochemical 
tests (Tarrand et al., 1978) and microscopic exam- 
ination of wet mounts by phase-contrast. NFb 
semisolid medium cultures, 18--24 h old, revealed 
the presence of characteristic Azospirillum cells 
with active spiral movements and refractile gra- 
nules; at the 48- -96h old, the examination re- 
vealed the presence of cystlike ovoid, thick-walled, 
refractile cells. 

Indoleacetic acid assays 

Azospirillum strains were grown in shake culture 
(220 rpm) in 125 ml flasks containing 50ml of suc- 
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Table 1. Assessment of  Azospirillum sp. in the roots and rhizosphere soil of three Cactaceous plants 
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Plant species No. of  samples a % of  Azospirillum Number/g 
isolated b fresh root ~ 

Root Rhizosphere Root Rhizosphere 

Stenocereus pruinosus 10 10 12 3 
Stenocereus stellatus 10 10 7 13 
Opuntia ficus-indica 10 10 7 11 

7.0 x 104 
1.5 x 104 
1.1 x 104 

Ten enrichment cultures from each samples. 
b Identification based on biochemical tests (Tarrand et al., 1978). 
c Most probable number (MPN) method. 

cinate-fructose salts broth for 4 days at 32~ Bac- 
terial cultures were centrifuged (10,000rpm for 
15 min at 4~ and from the supernatant the IAA 
was extracted with ethyl acetate. The extracts were 
concentrated by rotary evaporation under vacuum 
at 37~ and dissolved in methanol (1 ml). For 
quantitative determination of IAA, the colorime- 
tric Salkowski reaction was performed (Tang and 
Bonner, 1947). The Salkowski assay has been suc- 
cessfully utilized previously for quantitative deter- 
mination of IAA in Azospirillum (Hartman et al., 
1983). We utilized the same technique with thirteen 
isolates that were randomly selected for this assay. 

Nitrogenase activity assays 

Nitrogenase activity was measured using an ac- 
etylene reduction assay (Burris, 1974). The ino- 
culum was prepared by growing the organisms in 
liquid NFb medium supplemented with 0.02% 
NH4CI and incubated at 32~ for 18 h. Serum vials 
(10ml) containing 5 ml of semisolid NFb medium 
were inoculated with 25/A of the inoculum and 
incubated for 48 h at 32~ The cotton plugs were 
carefully replaced by suba-seal septa and acetylene 
was injected to a final concentration of 12% (v/v). 
Samples were removed after 24 h and assayed for 
ethylene with a gas chromatograph (Varian model 
3700). The chromatograph was equipped with a 
hydrogen flame-ionization detector and a 
2 m • 2.1 mm stainless steel column packed with 
poropak N (80-- 100 mesh). The column was op- 
erated at 100~ with N2 as the carrier gas at a flow 
rate of 30 ml min i. Three replicate vials were used 
for each strain. In this assay the same Azospirillum 
strains as used in the IAA determination were em- 
ployed. 

Results and discussion 

We did not have difficulty in purifying the isola- 
tes either from soil or roots. 

Percent of Azospirilla from total isolates in NFb 
and Azospirilla numbers obtained from each host 
are given in Table 1. We obtained a smaller percent 
of Azospirilla isolation both in the rhizosphere soil 
and from the inside of the roots from cactaceous 
plants in comparison with previously reported re- 
suits in grass roots (Drbereiner et al., 1976). How- 
ever our results are consistent with others reported 
from roots of grasses (Tyler et al., 1979). Azos- 
pirillum populations are reported to be from 104 to 
l06 cells per g of dry soil or root (Hegazi et al., 1979; 
Magalhaes et al., 1981; Rennie, 1980). In this study 
(Table 1), Azospirilla numbers were 7 • 104 per g 
of fresh root of S.pruinosus and 1.1 x 104 in Opun- 
tiaficus-indica. It is difficult to compare results due 
to the fact that estimates are given only for grami- 
neous plants; for cactaceous plants such as Opun- 
tia, Azospirillum numbers were not reported (Rao 
and Venkateswarlu, 1982). Azospirillum occur- 
rence seems to be strongly pH-dependent when no 
other factor is limiting (Drbereiner et al., 1976). 
Cactaceae studied here are growing in soils with a 
pH of 7.6 which favours the occurrence of Azos- 
pirilla (D6bereiner, 1978). However their numbers 
are not very high indicating that other limiting 
factors are involved. Among these factors, low 
humidity (665mm annual rainfall) and low tem- 
perature (21~ annual mean) at the collection site 
could be responsible for this, since previous reports 
(Drbereiner, 1978) have indicated that only less 
than 10% of the samples collected in temperate 
regions contained Azospirillum. 

Previous studies have shown that Azospirillum 
appears to have a wide distribution as it has been 
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Table 2. Nitrogenase activity and indoleacetic acid production by different strains of Azospirillum isolates from diverse cactaceous 
plants 

Origins of Strain nmol CeH4/h.ml c Indoleacetic acid 
i s o l a t e s  a designation b conc. (ug/ml) c 

S. pruinosus (S) UAP-01 33.0 __+ 1.46 49.0 _ 4.0 
S. pruinosus (S) UAP-02 25.0 + 0.37 77.0 + 10.5 
S. pruinosus (R) UAP-04 28.6 ___ 1.11 45.0 ___ 9.0 
S. stellatus (R) UAP-13 28.4 __+ 0.93 70.0 + 9.5 
S. stellatus (R) UAP-14 29.2 __+ 0.21 73.0 + 9.0 
S. stellatus (R) UAP-15 49.6 + 0.24 62.5 + 10.5 
S. stellatus (R) UAP-16 35.2 + 1.92 36.5 __+ 4.0 
S. stellatus (R) UAP-17 28.2 + 1.34 N.D. 
O.ficus-indica (R) UAP-06 21.2 _ 0.00 17.5 ___ 4.0 
O.ficus-indica (R) UAP-09 17.8 __+ 2.46 7.0 + 0.5 
O.ficus-indica (R) UAP-10 17.6 _.+ 0.00 39.0 _ 3.5 
O.ficus-indica (R) UAP-11 18.6 __+ 2.46 6.5 + 0.5 
O.ficus-indica (R) UAP-12 32.8 ___ 1.49 53.5 + 5.0 

a Rhizosphere soil (S); Surface-sterilized root (R). 
b Strains identified as: A. lipoferum (06, 09, 11); 
A. brasilense nir § (02, 04, 10, 13, 14, 15, 16, 17); 
A. brasilense nir- (01, 12). 
r Values represent the mean of the three replicates followed by the standard deviation. 
N.D. = Not determined. 

found in many soils and has been associated with 
the roots of  most  plant families investigated (D6be- 
reiner and Day, 1976; Kosslak and Bohlool, 1983). 
Our study confirms that Azospirillum can colonize 
plants even in extreme xeric environments. 

Based on biochemical tests (Tarrand et al., 1978) 
almost all isolates of  rhizosphere soil and roots 
from S. pruinosus and S. stellatus were identified as 
A. brasilense nitrite reductase positive (n i r+) .  In 
the Opuntia roots three isolates belong to A. lip- 
oferum and four to A. brasilense; all isolates from 
the rhizosphere were A. brasilense n i r - .  Our re- 
sults differ from those reported for succulent plants 
in which all the isolates from these plants were 
identified as A. lipoferum (Rao and Venkateswarlu, 
1982). Our isolates were mostly A. brasilense. It has 
been suggested that A. lipoferum showed a primary 
affinity with C4 plants (Baldani and D6bereiner, 
1980). Due to the similarity between Ca photosyn- 
thesis and crassulacean acid metabolism (occurs in 
Cactaceae) (Devlin and Barker, 1971), a greater 
incidence of  A. lipoferum than A. brasilense might 
be expected in the roots of  these plants. Our results, 
however, do not support  this assumption. On the 
other hand, no real specificity has been demon- 
strated between Azospirillum sp. and specific host 
plants (Elmerich, 1984; Vose, 1983). 

Azospirilla isolates differed in their ability to 
reduce acetylene in pure culture (Table 2). Two A. 
brasilense strains isolated from S. stellatus roots 
showed the highest nitrogenase activity (49.6 and 
35.2 nmol C2 H2 reduced/h-ml). Seven A. brasilense 
strains isolated from the rhizosphere or surface- 
sterilized roots of  the three cactaceous plants stu- 
died produced between 25-32.8nmol C2H4/h'ml,  
and four isolates from Opuntia showed the lowest 
activity (17.6-21.2nmol/h.ml)  among all the 
strains assayed. Three of  these strains were iden- 
tified as A. lipoferum. In general, these isolates from 
cactaceous plants fix amounts of  N2 in culture sim- 
ilar to those strains isolated from grain crops and 
forage grasses (Kulinska, 1983, Nur  et al., 1980; 
Wong and Stenberg, 1979). 

A. brasilense was capable of  producing gib- 
berellin and cytokinin-like substances (Tien et al. 
1979) and also auxins such as IAA when tryptho- 
phan was given to the culture (Reynders and Vlass- 
ak, 1979; Tien et al., 1979). The production o f l A A  
by A. brasilense is as high as 40 to 84 #g ml ' and 
the production by A. lipoferum as low as 1.6 to 
2.5 #g ml-1 (Har tmann et al., 1983; Jain and Patri- 
quin, 1985). In this study we showed that all A. 
brasilense strains produced IAA at rates of  36.5 to 
75 #g ml -~ , whilst A. lipoferum produced the same 



c o m p o u n d  a t  ra tes  o f  6.5 to  17.5 #g  ml-~  (Tab le  2). 

These  resul ts ,  wi th  the  e x c e p t i o n  o f  s t ra in  U A P - 0 6 ,  

c o n f i r m  the  p r e v i o u s  repor t s .  

O u r  resul ts  s h o w e d  tha t ,  in genera l ,  the  A. 

brasilense i so la tes  were  m o r e  ac t ive  in the  C2H2 

r e d u c t i o n  a n d  indo leace t i c  ac id  p r o d u c t i o n  t h a n  A. 

lipoferum strains .  H o w e v e r  it w o u l d  be  des i rab le  to 

c o n f i r m  this  fact  t h r o u g h  a s tudy  wi th  a g rea t e r  

n u m b e r  o f  A z o s p i r i l l u m  strains .  

I t  w o u l d  a lso  be o f  i m p o r t a n c e  to  d e t e r m i n e  the  

poss ib le  c o n t r i b u t i o n  A z o s p i r i l l u m  m a y  m a k e  to 

the  n u t r i t i o n  o f  p lan t s  u n d e r  a r id  cond i t i ons .  D o e s  

c o l o n i z a t i o n  by  A z o s p i r i l l u m  p r o m o t e  hos t  g r o w t h  

t h r o u g h  n i t r o g e n  f ixa t ion  o r  t h r o u g h  the p r o d u c -  

t ion  o f  p l an t  g r o w t h - p r o m o t i n g  subs tances?  
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