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AMENSALISM AS AN ECOLOGICAL FACTOR AFFECTING
THE ESTABLISHMENT OF AZOTOBACTER
AND “PHOSPHOBACTERIA" IN THE RHIZOSPHERE

Recelopd Barch 24, 1473

Several antagonislie ceologival factors gontribute 1o the reesizblishment of the
nataral eguilibsivm in the thizesphire when Azoilobacter, phosphobacieria, or othes
micTOGTEANIFME dre maassively introduced into the popt zone. Amcensalizm 15 one such
factor ond iis effect on the establishment of {he ahove mentioned bacleria in ihe
rhizosphere is iested in lhis poper. Amensalistic microorpanisms acling as anti-
bintie producers during the carly sizges of growth may Influence the colonization
of plant roots, while Iytie enzymes later antzgonized the establishment of Azoto-
Laeter or phosphobacteria in the root refion.

Ocampo et al [10} found that there was a protocooperative inter-. k
action [13] belween Azotobacter and phosphate-solubilizing bacteria when
inoculated into the plant rhizosphere, however, numbers of Azotcbacter
.and phesphobacteria introduced were not in all cuses tested. Fila dimg

Experiments cerried oul in our laboratory tricd o elucidale which of
the several ceological Taclors in fhe root zone may play a major rele in £
depressing Lhe estublishment of these microorganisms. The elfects of rool -+
extracis, phages, Edct]ﬁu}hriu,'ani <nil hacleriostasis were tested and dis-
cussed [8, 11]. Although each of these factors had an antagonistie in-- - "=
fluence on the establishment.of Azotobacter and phosphobacteria, none -
of them was decisive on the bacterial decrease in the rhizosphera. Nega-
ive interactions [15] between natural microbiota end inocula are probably
the major reasen for the Iailure of Azatobacter and phosphabacteria estab-
lshment. . 5 SATAS
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Avapnsalism is undoubtedly one of the most important factors of these
pegative interactions {2 4i Although the most wsual form of amensalism
in sail is that depending on antibiotic production, the ability ,of some mic-
roorgabilzms to yse cells of other microbes is also a form ol amensalism
[15]. Amenszlism Lad often been demonsirated between soil microor-
sanisms and Azoicbacter, and antibiotic-producers {2, 7, 12, 15] and lytie
creanisms [4, 13] against Azotobacter have been deseribed. However here
ie little cvidence of amensalism towards phosphobacteria [6]. -

In this paper we have studied the possible role of amensalistic of-
ganisms in the establishment af Azotobacter and phosphobacieria in the
rhizosphere.

MATERIAL AND METRODS

Nicraorganizms, plants, and treatment used were described by
Ocampo etal. [10] Unsterilized field soil No. 1 amended with 2% (w/w)
of farmyard mandre was used, Lavender (Lavanduis spica var. vert 1.)
wag the test plant. There were four inoculation treatments: C, control
{autoclaved bacterial culiures); P, ingeulum of }uh-::-sph::'-.eisu]uhﬂi'.cing hac-
teriz; A, inucualum of Awntohacler; and A P- There were alsn four HPK
trepiments: 1 = no NPE added; 2= NPK added at inooulation tane; 3=
= NPK added in the middle of the experiments and ¢ = 23 treatments.
The NPK treatment consisted of 10 mg/Kg soil of a nutsient solution coo-
taining B.8 g KH.PO,, 25.70 g Ca(NO:): and 12.0 g NH(NQ,) per litre of
distilled water. The inocula, seedlings, pots, ete. wese prepared as de-
seribed by Ocampo etal [10]. Numbers of Azotebacter and phospho-
Lacteria were also recorded as described before [10].

AMENEALIZR TOWARDS oROWING CELLS OF AZCTGHBACTER AXD PHOSPHOBACTERIA

The amenselism towards inoculated bacteriz (Azoiobacier and phos-
phobacteria) was tested in samples taken from the rhizosphere ai 15-day
intervals. : .

Tha mehod used was a bilayer technigue. Ter m! of L medium {11]
inuculaied with appropriate suspensions-c¢ilulions of T zosphere soil was
used for ihe base layer. Peiri dishes were incubated a1 28°C for 48 h.
Piates which contained 50-100 colonies were then covesed with semisolid
apar coniaining the test bacieria. For this semisolid secand layer 2. ml of
either Brown's medium for Azotchacter [3], or L mecium for phospho-
bacteria [11] was used. These media contsined 0.5%% (wiw]) agar and Were
mixed. 3 43°C, with 0.3 ml of each one of three Azpiphoctar spp. (A chroo-
coccum, Aq; A. beijerinckii, Ay end A sinelondii, £)) o= of cach of three
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phosphobacteria spp. (Bocillug sp., Ay Pseudomonas $p., J;; and Agroboe-
terium sp., L)

The Petri dishes were kept at 28°C for 48 h. Colonics with a clear zone
of inhibition were counted as being due to amensalism towards Azoto-
bacter or phosphabacteria, respectively. These numbers were used as an
index.

ANMENSALISM TOWARDS REETING CELLS OF AZOTORACTER AND FHOAPHODACTERIA
S0k
For assessing amensalism towards ‘resting cells of Azotobacier and
phesphobacteria a technigue based on' that described by Sing [13] was
used. Tern ml 1.5%u waler agar was used as a base layer; the second layer
contained 2 1l of thick suspension in sterile distilied water of four day-vld
culiures of each of the three Azotobacter spp. (4. chreacoccum, Ag A. bei-
jerinckii, Ay and A, vinelondii, A or each of the three phnsphnhuuteria
{Baciilus sp., A.; Preudomonas sp, Ji and Agrobacterium sp., L) Bac-
terial suspensions were cenirifuged and washed three times belore
spreading. -
30 particles of each experimental rhizesphere soil were transferred
1o the surface of plates, which were then incubated 2t 23°C for 4 to § days.
The memmber of clear lvtic zones (of about 12-16 mm in diameter) arcund
the grains were used as an index of lytic activity. This was checked under
the mieroscone.

RESULTS

Table 1 and 2 show counts of Azotobacter znd phosphobactesia re-
covered from the lavender rhizosphere in esch experimental soil ingculated
with Azotobacter or phosphobacteria alene or both. In all cases, the num-
ber oi Azotobacter and phosphobacteria declined, but, at the end of the
experiment, there were more Azotobacler and phnsphobacleria cells In
+he rhizosphere of plants incculated with both Arpichecter and phospho-
Lacieria then when Azotobacter and ghosphebacteria were inoculated se-
perately.

Tables 3 ar? 4 show amensalistic activity towards growing Azolohacier
and phosphobscteria, respectively. This activily, heing greater in AP
ireatment, incseased in the middle of the experiment, declined later, =nd
then remainec sizhle ai the end of the experiment.

Tables 5 zrd 6 show thal the amensalistic eifect by lytie microor-
ganisms, expressed as a percentage of soil grains which had this activity,
fluciuated throdghout the Exp‘eriment. but was highest at harvest, This
zctivity wes iTespective of the treatment (Table 5 and 6).
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TABLE 1. NUMBERS OF AZ0TORACTER CELLS IN LAYENDER 5-‘-1|FLD5-T'HFRE

MNPR Tneculation
rEatmen remnenl
] A

AsFP
2 A
A+P
3 A
A4P
“ A
AP

Mos, (=104 dey hizesphere soil, sweeks afer scecling
inecalation

A 5 8 1o w1 16
440 OO0 10D MD 112 49 36 30
j253 100 2000 &S0 S0 Hs M0 IO

iy ..520 6o 1 170 108 7 0
) 950 Iso 3 100 55 109 70

{The same figures as in W PK-ireatment 1) L 5 »n
' 330 100 &

(The same Tigores 24 In MPE-reaiment 23 7 0 30
ws B0 &3

Explanuiion Duaaare rean velues of 10
FRK sl 2 = NPK added st inasulition: 3 == RPK sdided 2

peplizanes Standard (FRE AeveT BRIV ded 103 of any valoe] —

otacipr-iactulsed pots; P — phasphobaaerisinosulated pat,

TABLE I, HUMIERS OF Pﬂ'll.'i"H.ﬂ.TFfSOLUTILII-NG TACTERTA 13, LA\L\'DI:P. RHEECSMHERE

Was. {x 10%)) dry rhizosphers woil, weeks afer u:cd.hn;

L ahe midadie el the naay; § — D Jarcaiaeatn A — .l.m

WPE Inoculation A
EreaEent Erasinngsnd e — e S

: 3 4 & b3 o iz 14 lﬁ

c 1n % 14 5 i 3 3 1

A | i) 27 H B L1 5 1
1 P - 10 81 45 17 17 13 14 1z
A+P 1ES 366 130 T8 &0 i i 46

[ 5 37 18 5 G £ 12 3

A i w40 16 1z 11 14 1

z P 2] 120 ] i) 26 30 3 30
AL+P i 216 140 o0 ko 70 G5 3

C {The s2 foe figure 5 a5 in NP‘K-u'l-_*:m;u 13 15 12 g

A 2 2 15 L]

i 3 P Tl RIS
AP 90 0 50

C (Toe same fr'u:ni ai in NPH-treatment 2) 15 14 4

A ] 12 16

4 LR 43 30 =0
ALP 110 = & 0

Explanations: avin Tedle 13 C = Conrd,

DISCUSSION

Amensalistic mmmnrgamsms zble to entagonize growing cells of Szo-

pr=tmbal ot

tobacter and phosphobacieria thus, by mesas of and ibiotic su5s

may have s.c-mE influerce on the establishment of these har_-.er... duzing
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carly pheses of eslonization of the plant. They were very abundant in’
the shizcsphere and could exclude many inoculated bacteria, but the num-
ber of these amensalistic microorganisms decregsed and later remained
stable. The decrease may e due o the lower number of inoculated bae-
teria present in the rhizesphere by the end of the assay. In fact, there
was al harvest a higher zmensalistic activity in the A-+P trealments, in
which tie nember of inoculated bacteria remained higher (Tables 1 and 2).
The lysis of rexi{nu cells of Azotobacler and phosphobacteria might
be ativibuted {0 the action of lytic enzymes, depending on how the tech-
nigue was performed. This lytic sctivity fluctuated throughout the ex-
periment, bul jncreased L harvest, The fluctuativns perhaps might be
due Lo inactivalion of 1hese enzymes or adsorption to clay minerals and
other particulates [15). But, same of them sre active for a Jonger time [3]. -
When the total microflora decreasad the Iytic activity inereased,
Although it is difficult to elucidate which ecological factors play the
major role in the decline of the establishment of Azotobacter and phos-
phobacteria in the rhizosphere, the evidence presented in this paper in-

TARLE 1, RUMRBERS OF MICRODRGANISMS AMENSALISTIC TOWARDS GROWING CELLS OF
AZOTOBACTER

Mo, (= 109 oy rhizsshers oojl, weeks after seedlin
MPK Inoculation o _h‘ Vg dix 1 Ao ) fi Z

inpoulation
treatment  Greatmentl
4 a B i0 12 14 16
C 9 5 n T 5 z 2 1
A [3 14 el 5 3 L1 -3 5
1 P L S T 1 i 3 2 [ 1M
A+P 13 14 ] 15 13 11 @ 9
C 5 1 u 1 & 4 3 2
A 2 18 a7 k] 14 3 3 4
] P & g 8 13 6 e a 3
“ AP 7 kL] 71 &7 2 a 5 5
C 2 2 1
A (The szme figeres as iz MNFX-treaiment -1) 3 6 3
3 P 2 2 2
AP 1] 10 9
= 2 3 1
A (The sams fpeems 28 In NPR=omiment 3) 13 1] -]
4 P 10 3 3
AP 16 * L]

CLSD. (530w L35

Noeter Exch nombor doshe averape af 13 rplicm (5 for cach of 2 3 Asalobacier 1ested), Dilferenon hexween
prsin arely eifferd smarr thin 15, § e o NPK adirs: T— NPR added st fnaslilina; §— WFK ad8ad at the =lidle
©F ¥ic siiars A— 223 tmacranis. © e Cocirsts A Azsiceserdoocstess peuy P phowpkabineris-ieas Liaeg
o LS50, (300 — Lean Sigalizan: Dlewas ot P — L.0S Do compazieon £ 257 10 vl
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TAULE & WUMOENS OF MICRODEGANISMS AMESEALIETIC TOWARDS GROWING CLLLS OF
PHOAPHOBACTIRIA

_H-a_s-. {=10%)g d::.: r.l;.i;_n;;:ll‘.urc soil, weeks afier spodling

NPK Tinazulation So.eeulation ; .
treatimanl irsibmsnl — - - e : — i
2z 4 [ ] i0 12 14 16
C E 7 [ T | 2 1 1
A [ 4 13 ; 2 e T 3 3 1 1
1 ", 16 & 12 12 k] ] 4 3
Ak 10 23 11 14 13 13 T L]
C 4 10 7 E & 2 1= 1
A 4 8 18 16 10 5 T 1
) r i T 15 15 12 Il E 2
AP 4 52 6 A5 Il 17 T 4
c i 3 1
A (The same figures as in NPK-Areatment 1y & 4 3
2 P 1 3 2
AP 17 U &
i 1 1 1
A [The same figures as in MPE-trealment H 4 2 2
“ P 12 3 2
AP . g 4 2

)3 LSD. (530 = 120

o 1e; Bach mumbes i ke average af 13 replizates {5 for e=h af 1he 3 pheaphabarieria tevied), Dilleseaccs berwana
spesies rarcly @iffered by mnce shin S 1—no NPK scded; 2 —wpi added ap ineculation Gme; J—NPK added
¥ ihe ddie of suiy; b2+ 3 mmeitmenty, £—Cosisll A Aratghaseninoculusd pstg P — Fheaphobasera
inocdated peis. 15D, 1930 = Less Sipailiast Differacss 21 53] for campiiiga of ary tma valers, $

TABLE 3 aMENSALISTIC ACTIVITY.ON BESTING CELLE OF AZOTOBACTER

aage N fns with fytic activiy, frer seedlng :
CMPE T Tion Percentzze Mos, of grains with Iytic acuvity, weeks after 3¢ Ing

innculalion
Lreatment Areaiment 5 = -

2 4 & _ RE 10 12 145 16

c 7 B 34 a7 71 &7 &9 5l

A 25 EY a7 33 54 P . 160

1 P 18 i b 18 52 70 %0 03
AP 35 & 55 41 54 £ 100 1

C 57 10 o gt = 37 83 9

! A &7 il 6 35 5 35 s o6
2 P 33 17 71 16 a0 54 0. 100
AtP 1 e 57 4 6l A 100

c 51 7% ES

A (The sme fgores 25 ia NPK-teeatment 1) 81 g7 100

3 P = g5 - 100
A+p 61 £3 100

/ C h o3 - &0 47
- A (The same figere &5 in NEK-traatment 2) 43 B3 &2

4 P 73 2 53
AtP : 70 o7 100

LSD. {0 =912

Explecatiops: abin Tabe 3,
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Gientes thel awmensalism by lyiic microorgenisms i one of the most im-
he anta-

poriznt in the survival of this inceulated bacteria. Conirary 10 i
gonistic focters previcusty found {1, 8 9,11], amenxalisn by Hytic activity
‘ncreased during the assay, Neveriheless, &s {these precedent papers in-
dicated, the decline of the eslublishment of inoculnted bacteria might not
oniv e due io 8 particulur fnelor bul also to all feclors tested that con-
tribute 1o.reestablishment of the natural equilibrin in the rhiensphers.

TADLE . AMEHEALISTIC ACTIVITY OR RESTING CELLS OF PHIOSPHOBACTERIA

Perceatage Mos, of grains with Iytic pex

nNPR Ineeulpion et

ireaiaionl IrEalnEEl s m— i e ] s e R e r—

r 4 7} B 1] 12 14 i

C 14 3 1 %] 52 71 50 50

A ket 78 71 h 4 11 T 64 hi

I r 5 b ) 45 2 15 50 100 100
A+P % i i3 0 53 a4 53 £5

c £l 73 47 31 B3 T6 a4k . B4

A 17 57 a6 2 57 g M 6

2 P 13 46 69 52 &1 9% i3 o9
A+P 26 e T T 55 g1 B 93 100

C . 83 70 85

A (The same figures as in NPK- treatment 1} 78 Ta 52

3 P 71 100 100
AsP 82 78 58

; B8 a7 G2

A (The same figures as NPH-reatment 2) 75 60 &

4 P : 1 6l 79 51
A+P B3 g5 - 100

L&T. (590 = 1035

Ezplazations: acfs Tatle &
T
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AMENSALIZM JAXO EXKCLOGICENY CZYNNIN ODDAIARUIACY
MA UTEZYMYWANIE STE AZOTOBARTERA 1, FOSFOBAKTERO"
W HIZOSFERZE !

Artagonistycene mikroorgenizmy, dzialaize jak arpenfamy produkujice antybio-
tyki, w ciagy wezesnipiszyeh fun wrrestu mogq wolywat na powstrwasie kelonll we-
141 karzeni rodlin, poderas ydy phiniej. enzymy Hiycne sozeciwstzwisig sig utoay-
mywaniv sic Azolobakiara Tub rosiphaktesll w strolic koszemicwa). %
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