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EFFECTS OF ECOLOGICAL FACTORS ON THE ESTABLISHMENT
OF AZOTOBACTER IN THE RHIZOSPHERE

.M. Barea, J. A, Qcampo. R. Azcon, 1. Olivares & E. Maontoyn

Abstract

Several ecological faciors which muy affect the establishiment of an Azsmbacter poplition when ingeulated
inte the plant rhizosphere have been tested in experiments carried out in this liboratory.

The present sty discusses this problem bt deals moinly with: A} The activity of sail bacteninstusis in
limiting the growth of Azwebacrer, and B3 The =ffecs of ~'phosphobacteria’ pruducing plan growth rege-
lating substances.

Azarobuvier Wis sensilive 10 1he bacteriostatic(s) factor(sy of soil froan bath Azorebaoser-inoculated and
uninoculiied pois. Sensitivity of Azotobucter increased with time, reached 2 musimum 4t the middle of the
expariment; then remained almest constnt. The activity of this fictae seemed (o coineide with the drop of
Azotebacier mumber in the thizosphene, The factor was overcome by the addition to the plants of a1 NPK
fenilizer at the middbe uf dic assay.

“Phesphobacteria”, which also produce plam hommes, have been sepuricd 1o stimulite namural Az
buaeter paplations and 1o influence the establishment of this bacteria when used a5 inoculum. Comsequzntly,
the possibility of such activity being due 1o the elfest of grmwth substances produced by the phosphebacteri:
was tested in this study. A decisive influence of the plint honnoses present in “phasphobacieria® cultures on
Arorobacter development was found.

Effects on plant growth of the bacterinl " Fertilizer™” wsed are-also discussed.

Introduction

Inoculation of the plant rhizosphere with Azatobacter to improve crop yield has been o
topic of much controversy. Thus A. chroacoreum, first selected because it was believed
to fix atmoespheric dinitrogen in the root zone, has been widely used. However, this
premise has been demonstrated 10 be incorrect (Brown, 14974).

Although Azotebacter has been described as producing increases in plant growth, an
effect which is cspecially marked in fertile soils with a high organic matter content and
& neutral pH, s beneficial action is actually associated with the production of bio-
logically active substances (see reviews by Dommergues & Mangenot, 1970; Mishustin
& Shilnikova, 1971; Brown, 1974),

In addition to the study of the rwle of Azofebacrer in stimulating plant growth another
subject attracting much attention is the search for various ecologicul factors which nuy
affect the establishmient of Azetebacter when inoculated into the plant rhizosphere,

Ocampo et al. (1975), tested three factors that may influence Azotobacrer establish-
ment in the rhizosphere ¢.g. soil feetility, manuring, and interactions between Azeto-
bacter and phosphate-solubilizing bacteria (“*Phosphobacteria”’}. They found. at har-
vest, that there were always more Azotobacrer in the rhizosphere of lavender
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i Lavandula spica L) when plants were inoculated with both grovps of organisms
together. Addition of 2% fermyard manure to the richer soil enhanced this effect. Plant
growih also was greatest when seedlings were inneulated with both groups of bacteria,

Phages able to pasasilize any of the Azetabacter spp. studicd (A, chroacaccie,
A. beijerinckii and A. vinelandii) were not detected during the experiments. However, it
was found (Ocampo & Barea. 1975) that Bdellovibrio spp. do parasitize the 3 Azoio-
Facter spp. Although Bdellovibrio seemed 1o influence the initiation of Azotebocrer
decling in the thizosphere, it appears as if Azefobacter develops a “'cerain resistence’”
to being parasitized.

Root extract of lavender inhibited growth and lysed resting cells of Azorobacter
(Ocampo et of., 1977}, This effect increased with the age of the plants.

Amensalism (Stotzky, 1972) was undoubtedly an tmportant factar in the survival and
ccology of Azerehacter in soil (Ocampo et al., 1978). Microorganisms antagonistic
towards growing Azerebacter cells. were shundant in he thizosphere of lavender. These
organisms were stimulaied when inoculated with Azotabacier, but decreased in number
at the end of the assay. Microorganisms capable of lysing Azetobacier resting cells were
also abundant but this was irrespective of the Azotobacier inoculation treatment. This
activity Auctuated throughou the experiment but was highest at the time of harvest.

Mineral fertilizers stimulated the total microflors and amensalistic microonganisms,
but did not affect Azorobacrer establishment, lytic misroorganisms or parasitism by
Beellovibrio.

Soil bucteriostasis has been described as an important factor in limiting the growth of
soil bacteria (Brown, 1973} Moreover, it was suggested as 2 cause of the inhibition,
under certain conditions. of the germination of Azefobacter cysts in soil (Jackson &
Brown, 1966).

As Ocampo er al. (1973) pointed out, bacteria which produce plant hormones {Barea
el al . 1976) stimulated natural and introduced Azotobacier popalations in the rhizo-
sphere. Plant hormones have also been proved to stimulate growth of other microbes
iLu ef af., 1958; Saono, 1963; Sulliz, 1968; Barca al., 1974),

The present paper focuses on: i) The study of soil bacterinstasis on Azetebucter,
i) The investigation of the effect of plant hormones on Azefabdcter.

Material and methods

General experiment

Most af the methods wnd maerial wsed were described by Ocampe of of. (19751 Unsterilieed field sl B, |
armended with 20 (wiw) of Farmyard manune was used. Lavender (Lovanduls spicn L) was the jest plant.
The inpcila, secdlings, pots, el were prepared as described earlier. Detcemination of ecological facton

affecting Azoioburcter estsblishment in the chizasphens was described in each cose (Dcampo o al., 1977,
I9785.

Determination of soil bacteriostatic activity

For mssening sofl hacteriostasiy t Azutobucter o technigue hased on that described by Brows (1573} wan
wseed, Soils from Azstebucter-inocaloted mhizosphens and oninoculaed coatrel rhizosphers were compared
with centrols without soil. Hhizosphere soil from each sample was pliced in Pein dishes aad moistened 1o
706 of field capacity. Disks of Whutnuan Nu. | filler pper were cither placed on the sail, ar in sterile dishes
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a4 controls. Agar-disks 7 mm in dizmeter (9 replicates per sumple), cul from 1.5% steribe distilied warer afiar,
wizre placed on the filter paper. Dishes wers kept ot 26°C For 15 b and were then inoculated with 0,01 mi of
suspensinng of each of the three Asmobaerer spp. (A chroncoctum. &g A beijeringkii, Ay and A, vinefoadit,
As). These replicates per Arotebarier spp. wene prepaned. Afier 48 b ircubation a1 26°C, (he disks wers
cemaved, stiined with 107 dilued carbon fushing and examincd pnder the mbcroscope. Bacleriostasis was
assesscd by comparing the unber of micr-colnies which grew on disks iweubated over sl with those on
the contrals.

Effect of plant hormones produced by phosphobacteria on Azetobacter develop-
ment
This was studied hoth i vitre und in @ pat experiment:

i) Effect in vitro. — Six conical Masks containing N-delicient hquid medinm, prepared as ileseribed by Barca
& Brown (19741 were each inoculated with | ml of a suspension of Azorebmrter [Agh cysts m sterile distilled
water, Two of these Masks were alsa ineeulated with 1 mil of & phosphobacteria el (PB treatment) pre-
pared as deseribed By Ceampo ef af. (19751 This culeere comtained wbout 0.1 g of each of the plant
liomones aesins, piberelling and cylokining (Basen ef al., 19761, One ml of o mitue of commercl
hommanek i the mentioned conventiations wos added to snather wo flasks (PH treatment). Mumbers of
Azebvreter in the thece Lresiments were counited fter 1. 3 and 5 days of incubation ot 2T on oo folary
shaker.

i Effect in plant shizosphere. - Lavender ssediings weee inceilated by treating their ool with the noculy
mentioned ahove (A, Ay, + PBand A, & PH), and were cultivated as described by Deampo ef al, (15750
During the expesiment, thizosphere soil wis sampled &t |5.duy intervals and Azevabacier coumied. as
Jusepibed by Baren & Brown (19741

Results and discussion

Tahle | shows that the three Azerebacter spp. were sensitive 1o bacteriositic faclors
in lavender rhizosphere soil from both Azowbacter inoculated and uninoculated pots.
As Fig. 1 more clearly shows, sensitivity of Azotelacer inereased with time, and reach-
od @ maximum at the middle of the experiment; then remained almost constant. The
living roots behuved as if supplying substances to help to overcome the bacteriostasis
owards Azotobacrer. Bacteriostasis was also overcome by the addition 1o the soil of a
NPK fertilizer at the middle of the assay. This was also found by Jackson (1960) and
Brown {1973). The exact naturc of the bacleriosiatic factors is still unknown. bt
Brown's finding suggests that it could be of biological origin.

Tables 2 & 1 show that plant hormones play a cerain role in Azarobacrer develop-
ment hoth in virre and in the rhizosphere. Phosphate-solubilizing bucteria, however,
may act by another mechanism in addition o that based on the supply of hormones.

Figure 1 also shows that the course of development of the activity townrds Azolo-
hacter of soil bacteriostasis coincides with the numerical decling of Azotobucter in the
rhizosphere. The period at which that antagonistic factor is expressed is similar 1o that
previously found for other antagonistic agents (Ocampo ef al., 1975, 1977, 1978},
and it is difficult 1o clucidate which of these factors plays the major role in antagonizing
Azotobacter in the thizosphere. The lack of conclusive evidence for most of the mecha-
nisms, in situ, is a general trend (Stotzky, 1972).

Regardless of the mechanisms involved, the Azetobacrer population introduced into
the lavender thizosphere was proved to suffer from the sctivity of several ecolugical
faciors which govern the biclogical equilibria in the root region. However, a number of
Azprobacter become established. Initially (between | and 6 weeks after inoculation)
Azorobacter was stimulated but after 6 1o 12 weeks cell numbers dropped; finally, cell
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Table 1. Effect of soil bactenostutie faciors on Azedebacter in conimol and Aznrebacter-inoculated. thizo-
sphere.

Woeeks afier Inoewlatben S of eolonles ™
inoculation Treatment Asee Ay e E
= Coatrel (C) 59 62 56
= Azomobacter (A) 44 43 45
C 57 ({1} L1
“ A 40 19 4
c 47 & 52
7 A £ 5 43
C il 45 a5
0 A 6 34 a1
5 i SXEI) SNBLY 4R{E1)
1 A LT 363 43(6%)
6 C 5382} A28 AT

A 4205k 54y JAEY

* Percent colonies in relation w contrals with no sl sdded.
*+ The parentheses contain ‘5 of the numbers of colonies m NPK neated chizosphers,
== Ay = A belferinckiy, Ac = A, vinelandil and A, = A FlreeracaInm.
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Figure 1. Course af development of Azoiohacter (5 —%] mo. -2 dry chibusphere s, and Ieacteriostatic
activity towards Azombacker (% of colonies) in contral (ool and ineculated fe—e) hizosphere, affected
by NPK femlizer (-——)
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Table 2, Effect of phosphobacteris (PR} and plant hormones (PH) on pumbers of Azstoburcter [AY in culiure.

Tnoculation M. {2 107y ml culne™
treatment Age of culture, days)
i 3 f o
A 6.5 A5 33
A+ PO 3.5 15.5 15.4
A+ PH EER] 17.5 172

L.5.D. (3%} 5.5 1.5 2.5

L5, (5%} = Least Sipnificant Difference a1 5%.

Table 3.  Effect of phosphobacteria (PE and plasg Tawmnones (PHY on numbers of Azorobacter 1A:_'1nncul.uhcd
in lavender rhizosphere.

Inaculation o, (% 1071 g dry rhisssphere soil !

treatment {weaks after inoculation) E
2 4 ] 8 10 12 14 113

A il T 140 4 13.2 19 b 3

A + PB 125 130 20 [ L] 3 24 19

A&+ PH 111 120 189 a7 13 110 11 T

L.5D. 15%] 1] 17 £l 9.8 3.2 7.3 5,4 29

L5, I (5% = Least Significam Diffcrence ot 5

numbers became equilibrated. In the present experiments each seedling received about
107 Azotobacter cells which were stimulated to 107+ g dry rhizosphere soil ', and
10°— 10" cells g™' remained at harvest.

Table 4 summarizes the dry weights of plants grown in the different experimental
conditions and given different inoculation treatments.

Tahle &, Effect of hacterul “'enilizers™ on dry weigh

rs of Lavender plans as effested by NPK fertilizer,

Inoculation® .I.LIPR treatment®*
treatmen — - _ img plant=ty S
I y 3 4

C [LE] HBS ERl 2z

A T 1025 095 1187

B 0 93 (45 1153

A + PR TED 1151 {Lm 1176

L.5.D. (5% 25 &0 S0 L

s ¢ = Unincculated comrel; A = Azorabacter-inoculaied pots; PB = phosphobacterz-inoculaled pats.

b2 | = po NPK mided; 2 = NPFK sided o inoculation time: 3 = MEE akded 21 the middle of assay; 4 =
2 + 3 treatment.

L.5.0. (5%} = Least Significant Difference st 5%.
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In NPK treatments 1, 2 and 3, but not in 4; there were more Azorobacter a1 harvest
when plants were inoculated with Azotobacter wgether with phosphobacteria than when
inoculated singly. Although this is apparently reflected in Table 4, in which differences
between plant dry weights in A + P vs. A treatment are significant in 1, 2 and 3 treat-
ments, but not in 4; this may be a direct effect of phosphobacteria on plant growth.

The Azatobacrer tested (Brown & Burlingham, 1968; Azcon & Barea, [975) and the
phosphobacieria (Barea et al., 1976) can produce in vitro plant growth substances which
could play a role in improving plant growth, as has been suggesied (Brown, 1974).
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