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The elffects on plant growth of ““bagiemal fertilizers™ prepared Irom Azetobacter spp. und
phosphate-selubilizing bacteria (“'phosphobacteria™) have been the subject of much con-
troversy. Cases where na plant-growth stimulation occurred may oficn bé accounted for by the
failure 10 establish the bacterial inocula i the rozosphere.

Three factors that may infl e inocula estuhlish L, i.e. soil fertility, manuring. and
interactions belween Azofobacter and “phosphobaciena.”” were cxamined in pot cxpeniments.
desigred for siatistical analysis, in two neutral—alkaling soils, using lavender plants {Lavandida
spica L.}, During the expenments the rumbecs of Azotebacrer and phosphobacieria™ were
counied, Dry weights of roois and shoals were recorded after 16 weeks of growih.

Al the end of the experiments there were always more Azotobacter and **phosphobacteria™ in
1he thizospheres when plants were inoculated with both groups of organisms together than when
they were inoculated singly. Addilion of 2% farmyard muanure 1o the richer soil enhanced this
ellect.

Pinnt grawih was greatest when scedlings were inoculated with both Azoiobacter and the
“phosphobacieria.™
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Les effets sur la croissance des plantes de ferhh;anls bactériens prépares & partir
d'4zotobacier spp. ¢ de bacténes selubili les p } " phosphobactcna Y ont €1¢ le
sujel de plusievrs controverses. Descas obiln'y & pas de sllmul'\uun di la croissance des plantes
peuvenl souvenl ¢re expliqués par le mangoe d'élablissement des inoculals baciénens dans la
rhizosphire.

Nous avons éludié trois facteurs qui peovent mAuencer Iéablissemen des inoculats, ie. la
fertifité du sol. la lumure ¢ les interaclions entre Azotobarter ct Vphosphobacteria.” dans des
expériences oo pots désignées pour des analyscs stausngues dons deux sols neulre-alcalin. en
wlilisant des plants de lavandre (Lavaaduda spica L.). Au cours des expériences les nomhbres
A Azatobacter ef de phosphobaciena furenl comptés, Les poids secs des racines el des liges
lurent dérerminés aprés 16 semaines de craissance.

Al fin des expériences il y avail loujours plus d"Azotebacter <l de " phosphobacterfa’ dans les
shizosphi res ofl lgs plantes fureat inoculées avec les deux groupes d'organismes enscmble, que
torsque les planies furent inoculées séparément. L'addition de 2% de fumicr de ferme au sol le
plus niche accroit cet effer.

La croissance des plantes ful plus grande lorsque Jes senus furent inoculés avec les deux,
cultures Azotobacter et phosphobacieria.” { Traduil par le journal]

Introduction

Incculation of plant rhizosphere with micro-
organisms can temporarily or permanently
change the balance of the rhizosphere popula-
tion. Such changes may sometimes enbance
plant growth, depending on the doration of the
cfiect. In this respect bacterial fertilizers pre-
pared frem Azotobacter, Rhizobium, and phos-
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phate-solubilizing bacteria (“phosphobacteria™
according to Ramos-Cormenzana 1970) have
been used extensively (sce reviews by Dommer-
gues and Mangenot 1970; Mishustin and
Shil'mkova 197]; and Brown 1974).

When efficient strains of Rhizobium are used
as seed inoculants, they usvally benefit the plant
because they can become well established inside
the plant roots by forming nodules which fix
nitrogen symbiotically. Azorobacter or “'phos-
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phobacteria,” however, must become established
in the rhizosphere in competition with many
other microorganisms, thersby disturbing the
normazl biclogical balance in the root zone. It
has been stated that inoculation can be expected
to improve plant growth mainly if the bacteria
are eslablished and grow well in the rhizosphere
{Brown ¢t af. 1964, 1968).

Cooper {1959), after his visit to the Soviet
Union, pointed out that thc greatest benefits
from using bacterial fertilizers were obtained oo
fertile soils, with high organic matter content
and pH close to neutral. Obviously these fac-
tors can improve bacterial growth and the
establishment of a farge population of inoculated
MICreorganisms.

This paper describes how Azotobacter and
“phosphobacteria,” when inoculated into plast
rhizosphere in soils of different fertility, with
and without manure, could reciprocally influence
their establishment in the root region. The eflects
of such bacterial establishment on plant growth
are also reported.

Material and Methods

Microorganizms

Three phogphaie-solubilizing bagteria, a Pseudomonas
sp., an Agrobdacieriam sp., and a Baciflus sp. were selecied
(among 50 isolaled) as efficient solubilizers of sodium
phytate and rock phesphatc, in pure cwwre {these bac-
teria produce plant-growth hormones, actording (o
Barea, Navarro, and Montoya, to be published). Inocu-
lum was prepared by growing each bacteriumy in the
medium o Brown (1972) 1n shake culiures for 19 days at
28°C. At the time of inoculation the thret specics were
combined. This mixed culture contained zbout 10° cells/
mil.

Three Azofobacter strains, Ag (A. chvescoccum) Lindly
provided by Dr. M. Brown ai Rothamsied and A, (A,
vinelandii) and Ay (A. beiferineki), boih isolated in this
laboralory and siudied as plant hormones producers by
Azcon and Barea (1975), were used. fnoculum was pre-
pared as before bul Azorebecter spp. were grown lor 14
days as deseribed by Barcs and Brown (1974}, This mixed
culture contained about 105 cellsfml.

Soifs

The soils were collected (rorn Granada Province,
Spain, Soil No. 1 was a “brown calcarcous” ype (A, B,
), pH = 1.6, containing 30 mg of P, 132 mg of N, and
45 mg of K kg of soil. Soil No. & was a "reddish-brown
calcarecus™ type (A, B, C) pH = 1.6, conuaining 5 mg
of P, T4 mp of N, and 26 mg of K/kg of soil.

Soils also differed in fexwere: soil No, | has 9707,
coarse sand, 22,3077, fine sand, 19.25% loam, and 48,227,
clay. Soil No. & has B.367] coarse sand, 10.567 fine sang,
H1.B57, Yoam, and 70.17% clay. The organic matier con-
tentis 1,477 in soil No. 1 and 0,17 in soil Me. 8.

18l

Plonrs

Lavender { Lavanduta spica 1) was the tesl plant. Seeds
were s0wN i moistened sand and the seedlings were
walgred wilh deionized water and fed with a nuirient
solution. Four-weck-old seedlings were inoculated by
reating their rools with the correspending inoculum
before ransplanting to pols conlaining 250 g of unslerile
air-ried $¢il. Each scedling received zbout 10Y phos-
phobacteria cells or 107 Azorebacier cells,

Treaiments

Halfl of each soil was amended with 23 (w/w) or larm-
yard manvre. Thus four experimental soils (Nos. | and 8,
with and without manure) were tested. Twenty replicate
pots for cach of the four experimenial soils were pre-
pared, These 20 pols were divided into four separaie lots
each recciving a different inoculation Ireaimeni,

There wers four inoculation trealmens: C, control
(autoclaved bacterial coliuresy (five replications); P,
inoculum of phosphate-solubilizing bacleria {five replica-
lions); A, inoculom of Azowbacter {flve replications);
and A + P, Azprobacier plus “phosphobacteria® {five
replications).

Plants were grown for 16 weeks in a glasshouse al
19-25"C, walercd from below using a capillarity system.

Measuremenis

Dring the experiments rhizosphere soils were sampled
at )3-day intervals, as described by Brown ef ol (19624)
and Barea and Brown (19743, About 1.5 g of rhizosphere
soil was laken from each of the 80 experimenta) pots.
Then, [0-fold dilution series were prepared for each
sample. The first samplc was laken 6 weeks afler Lrans-
plantng {0 avoid possible damage of 1he wender seedling
TOOLS.

The bers of A ter in the ble dilutions
of such samples taken from the five replicate pots of each
treatment were counted on & nitragen-deficient selid
medium (Brown ef af. 19624).

Because of the wsual large number of phosphale—
solubilizing bacteria in soil, establish of inggut
ones was only assessed 3 wecks afler transplanting and a1
harvest. Relative idea of Ihis establishment was 1aken
from 1he comparison of number of phosphale-dissolving
bacieria in inoculated and corresponding uningculaled
pots. Phosphates¢lubilizing bacteriz in the above de-
seribed samples were counted on z solid medium contain-
ing (.02 rock phosphale as deseribed by Barea er af,
{1970). Solubilizztion was deiccled by halo formation
around the colonics,

To provide 2 basis for count, thizosphere soil was
quantified as follows: in the 107" and 10~ dilutions, seil
was recovered, dried al 195°C, and weighed, Baclerial
numbers were related to | g of dry rhizosphere soil.

Al harvest dry weighis of rools and shools were re-
corded,

Results

Table | shows counts of Azotebacter recovered
from lavender rhizospheres in each cxperimental
seil inoculaled with Azofebacrer alone or in
combination with phosphate-solubilizing bag-
teria. In al) cases the numbers of Azerobacter
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TABLE 1
Mumbers of Azorobacter in lavender rhizospheres

Mas. (% 10*¥g dry rhizosphere soil,

werks after inoculation
Soil  Organic matler  [nocul
Mo. added treatment 6 & 10 12 16
A 1020 292 157 65 9
! 27 A+P 2099+ i1t R 480 352 283
1 o A 236 153 18 B 3
A+P liG0ren 250° 4 Fribdd 7
P 2% A 1600 211 143 56 27
° A+P 1500 72 186 120* 55+
8 o A 901 180 80 ki %
A+P 19004+ T60 A il 159 58
NoTe; A = Azolob i I pots; F > hobuctena-) poly. S at 117 Tewel {*4%),
125 teved (7*), and 3%, level (") A + Pys A have been pared for each 1 soll,

declined, but at the end of the experiment here
were more azotobacters in rhizosphercs of planis
moculated with both dzorebacter and phos-
phate-solubilizing bacteria than when Azoro-
bacter was imoculated alonc. Tt is clear from
Table [ that in s0il No. 1 containing manure,
when phosphate-solubilizing bacteria were also
inoculated, large Azorobacier populaiions were
still present at harvest,

The natural Azoirobacier population in the two
seils and its possible stimulation by phosphate-
solubilizing bacteria were assessed during the
experiment. Samples were laken (rom conirol
thizospheres and phosphate-solubilizing  bac-
teria-inoculated rhizospheres. Table 2 summar-
izes results obtained 6 weeks after transplanting
(first counting). Subsequent counts showed that
the nalural Azetobacter population drapped 1o a
negligible lavel.

Table 3 gives counts of phasphate-sotubilizing
tacteria in lavender chizospheres. In sail No, 8
the introduced inoculum declined by nearly
50%, between $ weeks afler inoculatlion and at
harvest,

in soil No. 1, especially when containing
manure, populations of phosphate-solubilizing
bacteria after § wecks and at harvest were similar.

Table 4 summarizes the dry weights of planis
grown in the different experimental soils and
given different inoculation t{reatments. Analysis
ol variance and least significant differences for
values given in Table 4 are also shown.

The cifect of dual inoculation {Azotobacter
plus “phosphobacteria™} was significant when

TABLE 2

Matvral Azoiehacier population in lavender chizospheres
6 weeks aftcr inoculation

Nos. (» 107){g dry rhizosphere soil

Soil  Organic Phosphabacteria
No. maiter Centrol incculated

[ 25 0.8£0.1 240.1

1 0 I #0.1 3+0.2

8 7 5 0.3 6x0.4

§ Q 4 +0.3 19+1.2

MoTE: A range of volues iy given 1o compare Lhe eight nuembers,

organi¢c matter was added, especially in soil
No. 1.

Discussion

Azortobacter clearly stimulated the natural
population of phosphate-solubitizing bacieria in
the root zone comparing C and A treatments
{Table 3) and, conversely, phosphobactena
stimulated natural Azorobacter population (Table
2.

[n manured soil No. | {Table () Azotobacter
numbers in the rhizosphere remained high
(3-8 x 10* Azotobacierfg of dry scil) from §
weeks after inoculation until harvest when
phosphobacteria are also inoculated.

Similarly in Table 3, higher numbers of phos-
phatc-solubilizing bacteria were recovercd where
these bacieria were inoculated with Azorobacter,
but the numbers were affected by soil fertility. In
manured s0il No. J, A + P (reatment, “phos-
phobactenia” establishment was elearly shown.
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TABLE 3

Numbers of phosphate-solubilizing bacteria in lavender rhizosphere

Nos. (x 10%)/g dry rhizosphere
soil, weeks after inoculation

Soil Organic matter Inoculation

No. added treatment 8 16
C 400+ 35 120+ 11
I 297 A 750+ 70 1600+ 170
o P 2083+ 185 2600+193
A+P 9400+ 725 10 000+ 800
C 300+ 31 81+ 4.
1 0 A 673+ 53 555+ 33
P 1530+ 148 1650+ 120
A+P 40004275 2 500+ 190
C 375+ 32 193+ 12
8 27 A 1730 +140 830+ 51
° P 6000 +425 39004193
A+P 7600+ 412 4030+ 180
C 300+ 27 114+ 7
A 500+ 31 325+ 32
8 0 P 1600+ 120 530+ 50
A+P 2600+ 135 1000+ 79

NoTe: C = control, A = Azotobacter-inoculated pots, P = phosphobacteria-inocu-
lated pots. A range of values is given.

TABLE 4a

Effect of “‘bacterial fertilizers” on dry weights of lavender plants

Dry weight (mg) of plants

Soil Organic matter Inoculation

No. added treatment  Shoots Roots

C 230 88

A 342 209

1 2% P 320 139

A+P 552 299

& 220 85

1 0 A 269 174

P 211 126

A+P 242 153

C 212 102

A 225 130

8 2% P 229 133

A+P 330 126

C 137 89

A 196 187

8 0 P 127 223

A+P 199 173

MNote: C — control; A — Azetebacter-inoculated pots; P = phosphobacteria-
inoculated pots.
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TABLE 4b
Analysis of variance for values given in Table 42

Pequired F

Qbserved F {Shoots or Rools)
Source af
variation Shools Raools 0.05¢1) D.01K1y 0000 (1)
T §1.620%s 56.71%** 2.92 4.51 7.05
OM 179,334 26.11*** 2.92 4,5) 7.0%
R 1.60 0.30 2.69 — —_
IT x OM 26,764 14, 85%4* 2.27 3.7 4.58
IT=R 1.81 0.51 2,09 — —
OM x R 1.12 0,22 2.09

Mok IT, inccutation satment; OM, organlc mader applicaiions; R. rephicates, (1) lavels of signib-

cance, *** Significance a1 U] tevel,

TABLE 4¢
Least significant differences lior values given in

Table 4a

Shogis Roois

Between [T
At 57 level 1? 17
At 170" 24 22
ALOOZ, 31 29
Between additions OM
A S level 17 17
At V% 24 22
A107 3 29
Interaction 1T x OM
Al 37, level 35 33
AL 1T T 47 44
AtOrE 7 52 59

The use of both “baclerial fertilizers™ in
manored soil Mo, | greatly increascd plant dry
weights. The highest number of introduced
bacteria occurred where cfiscts on plant growth
were prealest.

Hawever, there have been some apparent
anomalics in plant growth. Soil Ne. | did not
respond to additions of manure (except when
bacieria are added) as noted with soil No. 8.
Soil No. 1 had better texture and aeration and it
was richer than scil No. §. The addition of or-
ganic matter stimulated the natural microbial
population of the soil and microbial processes
which in turn affect the awvailability of soil
nutrients. In soil No. | competition with the
plant for nutrients eould account for the lack of
response to added organic matter. Conversely,
in sail No. 8§ organic maiter addition improved
its texture, and probably compensated for the
negative effect o microbial immebilization of

nutrignts. In spite of that, there were more
natural Azotebacter cells in soil No. 1 (Table 2),
paossibly as a result of their protection frem lethal
faetors in the soil by clay minerals, as suggesied
by Dommergues (1964),

Addition of bacteria to manured soil No. 8
suppressed root growth {as compared to inocu-
lated, unmanured treatments). The inoculated
bacteria may produce substances belenging 10
the auxin gibberellin and cytokinin 1ypes, as
well as plant-growth inhibitors {Azcon and
Barea 1975; Barea, Navarro, and Montoya, to
be published). 1L is knoewn that various growih
regulators present at any time may affect growth
rate of a plant organ, i.e. root {Thimann 1972).
In addition, synthesis of growth substances
depends on medium composition; and a risc or
fall in concentration affects the response caused
by the others. The possibility of a hormonal
effect to explain the inhibition of root growth
by organic matter addition, in bacteria-inocula-
ted pots, cannot be exctuded.

Reviews by Mishustin and Shil'nikova {1971)
and Brown (1974) conclude that the positive
effect ol Azerebacrer on plant growth cannot be
attribuled 1o an enrichment of the medivm with
bound nitrogen. Similarly, phosphate-solubili-
zing bacteria have not been shown to increasc
the overall pool of soluble P in soil. Possibly, at
the microhabital level, some P solubilization,
that can improve plant and Azotobacter growth,
may occur. However, if 4zorobacter fixes some
atmospheric nitrogen, the same mechanism might
influence both plant and bacteria.

It is generally accepted that these bacleria by
producing plant-growth regulating substances
may improve plant growth. Conversely, under
some conditions, plant hormoncs also stimulated
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mticrobial development (Lu ef gl 1958; Saono
1964; Sullia 1968; and others briefly reviewed
recently by Barea er of. 1974).

The inoculated strains used in this study were
selected because of their capacity to produce
plant hormones in addition to their N-fixing or
P-solubilizing abilitics {Barea, MNavarro, and
Montoya, to be published). From the results
oblained il seems that the same cause could
account for a positive effect on both higher
plantz {lavender) and bacleria.
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