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ABSTRACT

This experiment was performed to isolate and characterize Azospirilium
present in Egyptian soils. Intrinsic antibiotic resistance against 11 antibiotic were
determined. The ability of Azospinifum introduced as seed inoculation, to survive in
soil and to colonize the rhizosphere was tested. Wheat, Faba bean and Squash grown
in clay soil were inoculated with two antibiotics marked isolates. Introduced bacteria
were always detected in high numbers in the rhizosphere of test plants than in soil
apart but they generally represented a small fraction less than 3% of total Azospirilfum

in the rhizosphere.
Keywords: Azospirifium spp, isolation, characterization, antibiotic resistance

INTRODUCTION

Azospirillum is an important symbiotic N,-fixing bacterium known to
colonize the rhizosphere of some plants, where it promotes plant growth
under appropriate conditions. Many investigations were carried out
concerning the prevalence and distribution of these bacteria in Egyptian soils
in addition to their beneficial role as a rhizosphere inhabitant (Ishac, 1989).
However, a relatively iimited number of research was undertaken to
characterize azospirilla prevailing in Egyptian scils (Eman et al. 1984; Girgs,
1985, Gomaa, 1995 and Al et al,. 2002). Therefore, it was found of
importance to gain further knowledge about these indigenous soil bacteria
and their distribution in cultivated soils in Egypt. An antibiotic resistance
marker permits the selective recovery and enumeration of a known isolate
from soil containing a normal mixed microflora. Azospiriflum spp. has been
reported as streptemycin, rifampicin, tetracycline and streptophenicol-
resistant (Dobereiner and Baldani, 1979; Murray et al., 1980; Mashhoor et al.,
1993 and Ali et af., 2002).

The present research aims to get further information about intrinsic
antibiotic resistance (IAR) and maximum tolerable concentration of individual
antibiotic to development of antibiotic resistant strains of Azospirilum in
Egyptian soils.

MATERIALS AND METHODS

1- Isolation and characterization of azospirilla:

Representative azospirilla prevailing in Egyptian soils were isolated
from different ocations of cultivated lands in many governorates. They were
chosen to represent the soils fertility soils and different textural classes and
those cuitivated with various crops. Isolates were grown in the enrichment
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semisolid malate nitrocgen free medium (NFM) recommended by Dobereiner
et al., 1976). Isolates were checked for purity by the examination of Gram
stained preparations as well as by streaking on potato-dextrose agar plates.
Pure cultures were also tested for nifrogenase (Ns-ase) activity, then
inoculated on nutrient agar and preserved at 4°C in the refrigerator and
subcultured every 2 weeks. Pure cultures being G'short rods of spinning
motility, able to form fine subsurface white pellicle, producing alkalinity in
NFM medium and of different No-ase activity were selected.

2- Intrinsic antibiotic resistance ([AR):

Isolates were tested for their ability to resist 11 antibiotics using
Oxoid and Bic-EDWIC discs of standard antibiotic cancentrations. Nutrient
agar was distributed in Petri dishes at the rate of 7 ml and after solidification 5
mi of seeded agar (24 old cultures) was evenly distributed over the surface.
The antibiotic discs were placed side down on the seeded agar and gently
pressed with the tip of a sterile forceps, then the petri dishes felt in a remain
at refrigerator for one hour and incubated at 30 °C for 24 hours. Zones of
inhibition developing around the discs were measured to nearest 1mm and
mean of three replicates was recorded.

3- Survival of azospirilla, introduced as a biofertilizer, in soil and
rhizosphere:

A pot experiment was conducted under the greenhouse conditions to
investigate the survival and distribution of azospirilta introduced to sail
through inoculation. The used isolates used were highly efficient N,-fixers,
actively motile and adapted to relatively high concentrations of specific
antibiotics as a marking criterion.

a- Maximum tolerable concentration of individual antibiotics:

A total of 36 isolates obtained from various origins, differing in Nz-ase
activity but tolerating more than four different antibiotics were chosen to
adequate them for high concentrations of four antibictic mixture. Maxirmum
tolerate concentrations of streptomycin, rifampicin, doxycycline and
tetracycline was determined by spotting on nutrient agar plates provided with
appropriate concentrations of each of the four test antibictics.

b- Development of antibioctic resistant strains:

From the results of maximum tolerable concentration of individual
antibiotics, 15 isolates characterized by their tolerance towards the 4
antibiotics were selected to develop antibiotic marked strains. The gradient
plate technique developed by Bryson and Szybalski (1952) was applied.

The procedure was repeated tilt the strain reached a maximal
tolerable concentration. Resistant strain was resuspended in nutrient broth
either with or without antibiotics provided maximum concentration. Antibiotic
resistant strains were tested again for motility and N;-ase activity to ensure
that they still possess the same characters of the corresponding parents.
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c- Experimental design: _

A top of 10 cm fertile clay soil obtained from the Experimental Farm,
Agric. Res. Center at Giza was air dried, crushed to pass through a 2 mm
sieve was distributed in plastic pots at the rate of 2 kg/pot. Soils prepared for
cultivating wheat, faba bean and squash were respectively, supplemented
with 100, 20, and 150 ppm P as superphosphate (15.5% P,0s) and 50, 100
and 100 ppm K as potassium sulphate (48% K;O). Uncultivated control was
provided with 100 ppm P plus 100 ppm K. The fertilizer were throughly mixed
with soil before planting and in no case N did. Tap water was added to adjust
soil moisture to 70% FC surface, disinfected seeds were sown at the rate of 7
seeds /pot distributed at equal distance from each other and gently pressed
to a depth of 0.5 cm. Two antibiotic resistant strains of Azospirillum were
used for pot inoculation. One day old cuiture in nutrient broth containing Ca
10" CFU/ml was prepared and over head inoculation was carried out. Faba
bean seeds were additionally inoculated with 1 ml of 2-days old culture of
Rhizobium leguminosarum biovar viceae added simultaneously with. the
Azospirillum inoculum. Moreover, unplanted control pots were similarly
inoculated with both antibictic-resistant Azospirillum strains zdded separately
in 7 marked locations in the pot. Sampling was carried out at seven-day
intervals to determine the number of indigenous and introduced azospirilla in
both rhizgsphere and soil apart using MPN technique. Enumeration was
carried out for each sample using NFM medium of Dobereiner et al., (1976)
to determine total count of Azospirilla as well as with the same medium
provided with known concentration of the four antibiotic mixture tolerated by
the introduced Azospirifum strains to determine the antibiotic-marked
bacterial count. The antibigtic mixture was prepared in distiled water at
known concentration, sterilized by filtration and added aseptically before
inoculation in amounts sufficient to give to final desired level of antibictics.
Five tubes of each liquid medium were inoculated for each dilution with 1 ml.
After 5 days incubation, the positive tubes were recognized by the presence
of the subsurface with pellicle and alkalinity production. MPN figures were
obtained from Cochran's table (1950).

4- Statistical analysis:

Results were statically analysed according to the procedures outlined
by Little and Hills (1977) and Snedecor and Cochran (1980). Treatment
means were compared using the least significant Difference (LSD) test
(Waller and Duncan (1969) at 5% leve! of probability.

5- Media:

Nutrient broth (Difco, 1985), Potato agar medium (Dobereiner et af.,
1976), Nitrogen deficient malate medium {Dobereiner et al., 19786),
Enumeration of antibiotic marked Azospirilla carried out in the "persistence of
introduced Azospirilla in soils" experiment, was performed by using the same
medium but provided with streptomycin, rifampicin, doxycycline and
tetracycline in concentration (ug/ml): 1280, 20, 40 and 600 for isolate No.l
and 760, 120, 20 and 600 for isolate No. It. Just before inoculation, the filter
sterilized antibiotics solution was aseptically added to the sterilized medium
at known volume to obtain the final antibiotic required. Yeast malate broth
(Day and Dobereiner, 1976).

1393



Ali, Nadia A.A. and S.M. Mansour

RESULTS AND DISCUSSION

1- Isolation and Characterization:

All of the 110 isolates formed a fine subsurface pellicle when grown

in the nitrogen-deficient malate medium, turning to thick white as growth
continues, which is a growth behavior well defined for Azospirillum.
Microscopic examination of stained preparation revealed that cells were
Gram-negative straight or slightly curved short rods. Cultural characteristics
almost resembled those menticned by Tarrand et al., (1978) and Dobereiner
{1991}, Colonies on potato agar became visibie after 48 hours being smell
whitish, flat with elevated borders and smooth. After one week, colonies
turned light pink and became dry wrinkled. Mobility in wet mounts revealed
that 18-24 hour old isolates were slightly to actively motile (Table, 1). Tested
isolates could be divided in to three groups:
{1) Slow movement; worn-like motility (+), {2) active spiral motility {(++) and
(3) very active spinning motility (+++). The same groups were previously
mentioned in literature to be among the characteristics of Azospiriflum spp.
However, pattern of mctility could change as the culture became old (36-48
hrs). As shown in (Table, 1), all of 110 isolates possessed nitrogenase
enzyme as they could reduce C,H; to CzH,. Nitrogenase activity expressed
as n moles Cy;Hyhour/culture widely varied among the isolates. Three levels
of the enzymatic activity could be recognized, namely low, moderate and
high. From the physiclogical point of view, several biochemical tests have
been carried out by previous investigators to characterize members
beloenging fo genus Azospirfllum. However, there are three important tests
which are frequently applied and were recommended by Tarrand et ai.
(1978);, Reinhold ef al. {1987), Bilal et al. (1990) and Dobereiner (1991) as
decisive parameters for differentiation between azospirilla. All isolates were
therefore, tested for biotin requirement, ability to use glucose as a sole of
carbon source applied in nitrogen free semi solid medium of Day and
Dobereiner (1976) with some modification as described by Tarrand et al.
(1978) and acidification of glucose in culture broth under aerobic and
anaerobic conditions. Results of the biochemical tests for individual isolates
in defined groups according to their characteristics as shown in Table (2).

2- Intrinsic antibiotic resistance (IAR):

Intrinsic antibictic resistance is one of the important characters found
in many groups of microorganisms, which play a role in various
kinds of environmental activities. Response towards eleven antibiotics was
carried out using the antibiotic disc technique. Detailed information about the
extent of sensitivity of isclates towards the different antibiotics is expressed
as mean valdes of inhibition zones in Table (3). Total number of antibictics
resisted by each Azospirillum isolate is summarized in column No. 7 in Table
1. Al isolates examined were resistant to penicillin G {10 pg) but their
response towards the other 10 antibiotics widely varied.
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Table (1): Characterization of Azospirillum isolates.

Isolate [Motilty!" | Glucosei® | Biolin | Acidificalion® |Citrate | V.P. [ Catalase | Nirale® |  Denlirification in®  § Nitrogenase® | N-fixed 1ARM

No. used as |Require-| ofglucose | wliliza- | test | Produc- | reduction | malate YPN activity (mgA number and type of
sole C | menl [ aerobic |Anaero-| tion fion medium | medium | nmalC:He | cullure) resisled antiblotics
Source ‘ bic ** hicullure

SRR o T No | AG § ~ cweak foer G e (S v+ (). 213 (M) 30 ) 5(P.Am,C, Ax E)
2] No Cweak | o+ - _ 240 (M) 239 [ 3{CE
I e No |- * swong |+ g e (M) e (R)168 (L) 30| 4(P,Am,C,E)
A * No | A vopostong feee ] o (S () _419(M) | 28 | 1(P)

S - Mo } - weak | ++ : + (8 129 () 150 | 2(P Am)

6 - - No . + weak | - - o240 M) 209 | 2{P,Am)

T oo N oA weak | - G = S = (R) 161 (L) 45 _ | 3(P, Am,C)

T D No | - weak | - | = (S)] e (MY S6 (L) 60 | 2(P.C)

9 e + No AG g + v.sfrong | e (S - il 129 1) 180 | 7{P,Am, Ax,G,D, TE}
LU ot Mo ) - song | - G v (M s+ (R 126 {L) 135 | 5(P.Am,C, Ax, E)
L No | - * - | wstong] - G| e (M o+ (RY 139 (L) 150 | 4(P,Am,C,E)

12 e No | A | swong fwee e f ] 19340 | 135 [ 7T(KR P Am,Ax,GE)

13 - No | A * Fof v osong | G e (M e (R 270 (M) [ 150 [ 1(P)

M - Mo | A * ol | | srong [ : e S 103 () | 80 | 3(SPAm

15 - No A * oo ustong | e ot | AS)) 102 (L) [ ND | 4(P, Am, C E)

16 aad No | A v ol v ostong fee G e (SN e (S)) 12940 [ 30 | 4(SP.AmE)

17 v * No A * weak | a4 = S|+ (S) 103 (L) 1 ND. | 4(P,Am,C,E)

18 ] e [ No | AG G e e f e Jusiongl e |+ (S)] e (S)) 134 (L) [ 105 ) 7(P.Am,C,AXDET) |
18 - * No | AG | ++ | =« | + jvshong| e+ e B2 M) | 179§ 5(P,Am, Ax, D, E)
BL No g - s ostong o p e (SHa+ (S)) 193 (4 120 | 5(P,Am,C, Ax, E)
L2 e * No [ AG [« | + | 4 | stong [ vee o (S e (S 10 | 209 | 4(P,Am, Ax E)

22 - + No A + + + Lwsiong) —+ G| +~+ (§)] ++ ()] 11.7{L) 135 | 4(P.Am,C,E)

700z ‘Areniqed ‘(z) ZE “"Muf BINOSUEH ‘o8 dUby T
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Table {(1): Continued.

Isolate |Molility™ | Glucose!® | Biotin | Acidificationt® | Citrale [ V.P. | Catalase | Nitrate® | Denilrification in® | Nitrogenase® | N-fixed |AR™M
No. used as |Require-| ofglucose  |utiliza- | tesl | Produc- | reduction | matate YPN activity (mgA number and type of
sole C | ment | aerobic |Anaero-| tion lion medium | medium | nmol CHy | cullure) resisted antibiotics
source * bic ** hicullure
a3 b CNo b b e | o oweak [ v G e (S} e (S)) 134 (L) 75 | 2{R.C)
RS Whaad Mol o) || Stong b+ e M) (R 110 (L) 60 | 4(P.Am C E)
5 |- "No | AG | wv | + | | suong | ++e - w () 1o | 90 | 5 Am AxG.E)
AT e JNo | AG ] er o+ ] e | stong | e + B e ©)] 104 105 | 6(PAmCAxDE)
2 e No | AG f e+ [+ [ » | stong | +++ + (8)|__+ _(S)| 206(M 165 | 6(PAmAXDET)
LB | Yes | AG | e b ox |l wesk | e w (S} (SH 124 (L) 90 | 5(PAm GDE)
IS T D Yes | A} o+ ] o+ [.*.|.Stong | : =+ (S} 82 (L) 80 | 1P
30 Aaadl N .. weak |+ +H S =+ (5] 2200 | 1094 | 5(PAmAx,GE)
3| e Mo boa b e ek | s + @« (5] 1031 | 182 | 2(°.Am)
L | Mo | AG | e | e weak | v+ + @ @ 121 | 636 | 4(PAMAXE)
KX - Mo A + + stiong | ++ 3 +++ (G =+ (M} 155(L) 14 | 4(PAMCE)
N * + Yes AL + + strong | +++ | 4+ (S)] + (S)] 374(M) 9.1 3 (P.Am,E)
B e No * | x| oweak | e G (S e (M) 1BG) | 274 4 6(KP Am, CAx E)
3% A No e o stong | e G e S) e (S 116 33 | 7(KRP, Am, CAx E}
37 o Lro{ No | AG | e * weak | v G| _#+ (S)] e M) 1754 205 | 5(P,Am,C, Ax, E)
LB o). No R strong | e G aer (S)] a4 (M) 316(M) 28 [ 7(R P Am,C, Ax G,E)
. B - oMo || stong | e b ()| _aer M) 379M) | 727 | 6(PAMCAX GE)
LA e s o Ne L AG | e | ek | v + (S} =+ (Sh 1T Q) 182 | 4(F,Am,C,E)
LA e oM | ek e : " 11.0{) 9.1_ | 6{SRPAmAKE)
LA s e L Ne e e x| ek | 140{L) |_250 | 4(P.Am, Ax,G}
LAy | Ne | AG o] weak | e G- : 16(L) 318_| 5(P Am,C, Ax E}
44 s No AG + + slrong + G ++ (§)] ++ (M} 124() 4.5 5(S, P, Am, C, Ax)
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Table (1); Continued.

100z ‘fsenuqed ‘(Z) ZE “agup) einosue ‘1S ouby T

Isolate [Motilily!" | Glucose® | Biolin | - Acidification® | Citrate | V.P. | Calalase | Nitrate Denitrification int? | Nitrogenasa®®t | N.fixed . IARM
No. usedas |Require-| of glucose  |ufiliza- [ test { Produc- | reduction | malale YPN activity (mgh fumber and type of
sole C | menl | aerobic |Anaero-| fion tion medium | medium | nmol CoHe! | culture) resisted antibiotics
source - bic ** hicutiure

45 " o) Noo ) AG : o] v steng | o+ G e (SH e+ (MY 11744 142 | 6{P,Am,C, AxGE)
6 ) o= | N ] o | stong | - 8] e f 1104 271 | 5(P,Am,G,D,E)
BTN Bk s oo b N L AG L -y e b | stong | e G ¢ ()] o RY B 386 | 4(P,Am,C,Ax}

a8 - No 1 - ot g | stong e G e+ (SH e (M) 116(L) 18.2 | 4(P,Am, Ax,G)
O B v Yes fOAG | g+ )« ] vostong G| _» (8)] =+ (M 841 4 5(SP.Am,C, Ax)
B DA _No } AG 1+ b o« | v wstongl - = (S _ = (S)] 4. 87.5_ 1 4 {PAMAXE)
LI B b No | AG | e e e ) strong | ek G e (S)] e (M) 60.1 | 4(PAMAXE)
LS f | Yes | AG | e |+ | x| stong [ e+ | o ()] = (§) 131.2 | 6(K.PAmMAXG.E)
Bober Ja oMo ) AG | e ) e e fostiong ) ¢ G o+ (8)) e (M) 27.2 | 5{PAMCAXE)
Moo= Lo Yes | A e e e |vstong] G| e (S)] = (R) 227 | 8(KPAmMCAXE)
S5 | [ Yes | AG | o~ | o+ |+ [ stong | «er S M) 656 | 6(P,AmCAxET)
8 [ . N | A - v 1 weak R 2.7 1 3(PAMC)

LA DR * No | A ] - O I I S I a1 Madi ] NS 243 | 2(PAm)

58 - * No | A | = p « |- | weak [ . 1 (S} + (8 24 | 4(PAMGE)

5 o o N b AL e ]| weak | : e 180 | 3(P, Am, Ax)

LU B * |..No | AG [ + * voswongl - T = {8 T} A(PAMAXE)

61 AR SURNE SR L I O B A song |+ G e (S) v [S)) 1849(H) | 656 | 5(PAMAXGE)
62 [ v | x| No | A [ < |+ weak [+ev G - e (S)] 192(1) | 847 [ 4(KPAmAX)

B .= | .| N | A | -~ v vsliongt = S~ ) /3 [ 437 | 5(PAmCAXE)
B e por o Ne | AG e b e e bvsiong] e | e (S)] e (W) 419(M) | 128 | 4(PAMCAX)
T B aad *of No pAG [ o | w v shong | e G e (S) w (M) 1717(H) [ 1421 | 6(S,PAmMCAXE)
66 +—+ + Yes AG ++ + + strong | +—~+ ++ (§)| + (8} J86(M) 34.0 5 {P,Am,C.Ax,E}
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Table (1): Continued.

isofate |Molility™ | Glucoset? | Biolin | Aridificalion™ | Citrate | V.P. | Calatase | Nilrate!® | Denilrfication in® | Nitrogenase®® | N-fixed 1ARM
No. usedas [Require-| ofglucose  |[ufiliza- | tesl | Produc- | reduction | malate YPN aclivity {maf number and typa of
sole C | ment | aerobic |Anaero-| fion lion medium | medium | nmolCaHy | culture) resisted antibiotics
source : bic ** hiculture

Basd CAG s vstong) s G e ()] o+ ()| 4075(H) | 857 | 5(P,AmCAXE)
AL e ek [ L e (9] e ] 495 | 714 | S(SKPAMC)
{LAG | x| | vstong] w - v (S} 24 | 219 | 4(PCAXE)
- LAG | e e e | vstong | e w (S = ()] M6 | 202 | 4PAMCE)
e LAG | o+ | o+ [ v | swong | wr G| v ig)| w~ ) 3B5M | 183 | 6(SPAMCAXE)
T | AG | e} e f s | strong | = (9]« (9] 2 _| 146 | 4(PAMCE)
. AG | o+ |+ | s lvstong] + G| + M| | 308 | 449 | 4(P.Am C.E)
- AG |+ + | * fvskong[ + Gt + (M| + (R} 2524(H) 1148 | 6({K,PAmCAxE)
o AG [ ++ | |+ | v.stong| e ()| = M| 1146(H) | ND._ | 5(SPAMCAX)
ey MG | v | + |+ | vslong G| + (S ++ (Mt 1751(H) | 1582 | 5(PAMCAXE)
- AG | v | v |- | vsiong| - G| e (S) e (R 1197(H) | 437 | 5(PAMCAXE)
Al * JLAG | be |+ ] stiong | v + (S} 238(M) 947 | 6{P.Am,C, Ax, GE}
~+ + No | AG ++ + |+ | slong | ++ ++ [S) e (S} 456(M) 219 5 (P, Am,C Ax E}
o | e s | AG | = |+ | o | shong | G| + (S) ++ (R)| 496(M) | 146 | 6(P,Am,C,AxGE)
e | e | Yes [ ac |« | o« | s |vstong) = f = ]| - L i082(d) | 1422 | 5(P.Am CoAXE)
- No | AG |+ < | x| vswong) - Gl v (§f +++ (R) 680M) | 355 | 6(P,Am,C,Ax G,E)
e No | AG -] e | - | vstong| = G| we ()] + R 4B4A(M 201 | 6(R.P,Am,C, Ax,E)
vy | N | A6 | + | + | + | v.swong] ++ w (S| + (3)| 451(M} | 408 | 5(P,Am,C,AxE)
e e s A | o~ | . weak G| w (8] ++ (M| 1030 219 | 7{K.P,Am,C,Ax,G, E)
e | e | Yes | A6 | e | e | | weak |+ G| > (5 o | S25M | 1203 | 6(P.Am,C Ax G,E)
e e e | A ] o+ |+ | 4| strong |+ w9 = ) 17w | 547 | 5(P. Am. CAXE)
T e TR . . strong | +++ wr ()| | 1240 120 | 5(P,Am,C,Ax,E)
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Table (1): Continued.

Isolate | Molilityl"t | Glucoset®  Biotin | Acidificationi® | Citrate | V.P. | Catalase | Nitrate!! { Denitrification in®t | Nitrogenase® | N-fixed | |ARM
No. used as |Require-| ol glucose  |utiliza- | test | Produc- | reduction { malate YPN activity (mgA numbe? and type of
sole C ment | aefobic j Anaero-| tion tion medium | medium | nmol C:Hd | culture) resisted antibiolics
source : big ** hicullure
L8 e o [ Yes | AG | e e e fvstiong) e | e (S)] -] 118(Y 60 | 5(PAm,C, Ax,E)
W [ e |+ No + AG | = | = | - | stong | ++ et Be sl )] B 60 | 5(P,Am,C, Ax,E)
9| e No } AG |+ } + | - jwstongl ++ G ++ [S)i +=+ (S)I 137(L) 210} 5(P,Am,C, Ax,E)
2 | - Mo | a | e b e |- bstong | s | o+ (s)] o+ (M) 970(H) | ND. | 2(P.AY
O JoNo poac | e | e e fvswong| = Gf x (S} + S 7@ | 75 | 3(p.AmC)
LT Wed __No AG * > c|osong o i 46 135 | 5(P,Am,C, Ax, E}
95 - Mo AG + - + | swong | - + (§)1 + ()1 155{) 194 | 6(P,Am,C,Ax,DE)

L- (+) = slightly matile ; (++) active spiral movement; (+++) = very active spinning movement.

2- The medium used was N-deficient semi solid malate medium of Day and Dobereiner (1976} with some modification according to Tarraned et al.
{1978) washed inocula were used.

3- Acidification of glucose under aerobic conditions was tested by using glucose fermentation medium (Difco 1985); while under anaerobic
conditions it was tested by using peptone based medium (Tarrand et al, 1978); *[A = production of acid without gas; AG= production of acid
and gas.] ** [(-) = colour unchanged pH = (6.7-6.8), (+) = moderate acidity (yellow green) pH (5.3-6.4), (++) = high acidity (deep yellow pH
(4.6-5.2)].

4- The intensity of the purple red colour in positive tubes was visually determined : (+, ++ or +++); (-) = negative reaction ; G = gas production.

5- Praduction of gasous nitrogen in (a) malate medium (Dobereiner et al., 1976) +2g/l KNO; or (b) YPN medium (Abd-el Malek et al. 1974)
under anaerobic conditions. (R) = rapid (within 24 hrs) ; (M) moderate {within 24-48 hrs}; (8) = slow (more than 48 hrs).

6- Nitrogenase activity was measured using the acetylene reduction assay (ARA); (1) = low {<20 nmol C;H./W culture), (M) = moderate (20-70
nmol C,H, / heultare), (H) high(> 70 nmaole C;H /h/culiure)

7. The resistance to 1] antibiolics was tested by using antibiotics [ {S) streptomyein 10 pg; (K) kamamycin 30 pg; (R) rifampicin 30 pg; (P)
penicillin 10 pg; (Am} ampicillin 10 pg; (C} chioramphenicol 30 pg; (Ax) amoxycillin 25 pg; (G) gentamycin 10 pg; (D) doxycycline 30 ug; (E)
erythromycin 13 pg and (T) tetracycline 30 pg]. Detailed information in table (8).
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The majority of isolates i.e., 90, 68, 67 and 78% could respectively resist
ampicillin (10 pg), chlormphenicol (30 pg), amoxycilin (25 pg) and
erythromycin (15 pg). From 45 to 75% of isolates were slightly sensitive
(inhibition 2cone from 3.0 to 7.8 mm) towards streptomycin (10 ug), kanamycin
(30 pg), refampicin (30 ug), gentamycin (10 pg), doxycycline (30 ng), and
tetracycline (30 pg), while from 7 to 37% of isolates were moderately
sensitive towards these antibiotics having a range of inhibition zone of (7.9-
11.0 mm). Relatively few number of azospirilla were highly sensitive to the
different antibiotics tested where 1-23% of the isolates gave an inhibition
zone of more than 11 mm (Fig.1). It is interesting to note that, out of the 105
tested Azospirillum, 4 isolates could resisted 2 and 3 antibiotics, respectively.
The majority of azospirilla being 24, 35 and 19 isolates representing 23, 33
and 18% of the total number under investigation could resist 4, 5 and 6
antibiotics, respectively, while only 6 isolates (5.7%) resist 7 antibiotics. This
results suggests that most of isglates belonging to the genus Azospiriflum are
characterized by their efficient JAR and they can resist a wide spectrum of
antibiotics. To find out whether there is a distinct relationship between the
property of [AR and the crigin of the microorganism, number of sensitive and
resistant isolates and their percentage in total isolates was calculated and
arranged iri four groups namely, root-free soil, rhizosphere soil, washed roots
and roct interiors (Table 4). All of the 13 isclates obtained from the root free
scil were sensitive to streptomycin (10 pg), Kanamycin (30 ng) and rifampicin
(30 ng). On the other hand, 5-8, 5-18 and 0-13% of Azospirilla, respectively,
isalated from the rhizosphere, washed roots and root interiors were resistant
to the aforementioned three antibictics.

Table 2: Grouping of Azospirillum isclates according to certain

differentiating characteristics

biachemical reaction for

Proposed Isolate number Biotin | Glucose
species require- | used as Acidification of
ment scle glucose
carhon | aerobic | anaerobic
source

A. Lipoferum
23 isciates:

28, 29, 34, 49, 52, 54, 55, 66, 68, 69,
70, 73,74, 80, 81, 85, 86, 89, 101, + + + +
102, 103,105,108

A. brasilense
52 isolates :
{a) 25 1s0lates

13,14, 15,16, 27, 32, 40, 50, &1, 61,
67,76, 77, 82, 84, 91, 92, 93, 94, 95, - - + +
98, &7, 98,100, 104

{b) 16 isciates

2,3.58,6,8, 10, 11, 24, 30, 38, 39, 41, - - - -

48, 107, 108. 109

(c) 6 isolates

12, 3%, 33, 83. 59. 44

{d) 5 isclates

20, 23, 35,36, 110

Unidentified (1)

34 isclates:

(@) 25 Isciates

9. 17, 18, 19, 21, 22, 25, 26, 37, 53,

56, 57, 58, 60, 62, B3, 84, 71, 72, 75, + + +
78,79, B7 88, 90
{b) 8 isclates 1, 4,7, 43, 35, 47 * + -
(c) 2 isolates 42, 46 + - +
Unidentified (k)
_ 1islates: 99 + + +
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Regarding the other tested antibiotics, it could be stated that the percentages
of isolates obtained from rhizosphere, washed roots and surface sterilized
roots which could resist chloramphenicol (30 pg), amoxycillin (25 ng) or
erythromycin (15 ng) tended to be higher than the corresponding on as of the
root-free soil isolates. For the remaining four antibiotics, no clear differences
could be observed in the percentages of resistant isolates in relation to the
source of isolation.Moreover, the magnitude of sensitivity of the nen resistant
isolates towards ampicillin, gentamycin, doxycycline or tetracycline as
indicated by the width of inhibition zones and the calculated standard
deviation was, in general, not related to the origin of Azospirillum isolation.
Comparison between the 11 test antibiotics in their lethal or suppresive effect
on Azospirillum isolates under investigation, revealed that most inhibitory
compounds were tetracycline, rifampicin, streptomycin and doxycycline
where about 96, 95, 91% of total isolates showed various degrees of
sensitivity towards these compounds, respectively.

From the afarementioned results it could be stated that there is a
better chance for the prevalence of antibiotic resistant Azospiriium in the
vicinity of piant roots than in the soil apart.

Results obtained are supported by the findings of previous
investigators who pointed out to the more incidence of antibiotic resistant
bacteria in the rhizosphere of some plants that in root — free soil {Baldani and
Dobereiner, 1980). The early work of Krasil'nikov (1958) and Katznelson
{1965) showed that plant roots can stimulate antibiotic-producing
actinomycetes and certain antibiotics could be detected in different
concentrations in plant roots and adhering soils. Recently, almost similar
openions were given by Dobereiner and Boddey (1981) and Dakora (1985).
incidence, in higher percentages, of antibiotic-resistant Azospirifium in
rhizosphere and histoplane found in the present study as well as in previous
work could be explained by the role of the antibiotic-producing
microorganisms in soil. The activity of these microbes in root region can
affect the equilibrium between the indigencus sensitive and resistant
Azospirifflum strains. Antibiotic—resistant strains having a better chance to
exist in the root region.

3- Survival and distribution of azospirilia, introduced as a biofertilizer in
soil and rhizosphere:

Data illustrated by Figs.(2) a and b represent the MPN of total
azospirilla determined on the nitrogen deficient malate medium as well as the
MPN of each of the introduced isolates determined on the same medium but
provided with the appropriate tolerable concentration of antibiotics mixture.
Initial count of indigenous azospirilla in the clay soil under investigation was
high being 10° MPN/g. Counts in the unplanted control decreased with time
to attain their lowest number of 2 x 10° /g at the end of the experiment. It is
clear shown that rhizosphere soHs always harbourd high numbers of these
bacteria generally exceeding 10° /g during the first 21 days then count tended
to decrease to reach their minimum at the end of the experiment.
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Table (3): *Diameter of inhibition zones developing around the antibiotic discs.

Tetracy- |isolale

isolate |Penici| Strepto-| Kana- | Rifam- |Amgici| Chiora- | Amosy- | Genta- | Daxyey- | Entir- Penict | Svept. | Kana- | Rilam- | Ampick-| Chlora- | Amcsy-| Gente-] Doxycy- | Exythw- Tetmo
Mo. | #n | mycn | mycin | picn | 0 imphen-| din | mydn| cine |omycn) dline | Mo. | bin [bmycn| mycin | picn | Bin |mpheni| cin |mycin| cine |omysn| yeine
o | (o] @o | po | (0 o] @5 | 0| @@ | 5 | ©o (o] o | @ g0 | |l @ )o] o | 5| o
i) [ o) | vo) | ov) | owob | k) | wod | bo) | o) | wg) | w) po) | g | vl ) o) | egh | pot i e | pg) | sl ) vo) | HL
1 r 93 1116 73 T f T 6.3 58 r 53 | 21 r | 98] 68 ] 93 r 10.3 r |68 ] 58 r )| 58
2 r 113 118|183 38 T 78 | 68 10.0 r 120 | 22 r 118 118] 93 r r 38183 53 r | 68
3 r [ 1031138 98 Iy r 138 | 63 9.0 r 00§23 | r |68 (88103143 r 83|43 88 |38 | 118
4 f 88 | 103103 | 68 | 118|138 | 63 140 | ND. | 120 | 24 r 1939348 r t J8 | 581t 63 r 93
5 r |98 )88 J108) ¢ | 62 88 43 ] 143 } 63 |68} 25 ) r J103)88 )98 93 r r 43 r ] 43
6 r 1103193193 ¢ 1431931587 88 |43 1 w026 r {68)|637188] ¢ r r | 53 r r |38
7 t 73 (118 | 98 r t 93 | 63 | 103 3B | 38§27 fr [ 936893 r 108 r |43 r t r
8 r 98 | 103 98 | 43 r 113 58 | 113 43 |18 28 r [ 53|63 |43 f 58 | 43 r r r 58
9 r (88 (63 {88 1« |88/« f r r r 290 ¢ (118793 (11868 93 {68 {143 108 [93 (138
10 r} 93 [ 11311030 r f 8] a3 r M3 130 r [ 68748 387 r 58 r T 68 r | 68
1 r | 68 | 103 43 r r 38 | 58 | 1i0 r 43 1N r |78 | 9B 123 « 43 |18 68| 93 [68]158
12 r 68 r r r 53 T f 9.0 r 43 (321 r | 93 | 98 | 88 r 93 r |68 68 r {93
13 r (123113 (10814393 (113 58 14.8 43 B8 {33 r 83183 |18 r f 6343 93 f 98
14 f r 83 | 153 f 38 | 113 ] 53 9.3 88 103 [ M r]103] 83193 r 43 [ 63| 58| 93 r 838
15 r | 113 88 | B8 f r 93 | 58 53 i 58 |3 | r | 58 r 53 f r r 163 58 r | 90
16 r t 68 | 43 r [ 5838 (73] 43 r 43 (% r | BO| r r r r 43| 68 r | 70
17 r [113]103]128 | « roj 93531 93 r NIFIF|r[o3l173 (48| r r r | 531 48 r | 53
18 | r | 831108 58 | 1 r r |53 r r r J38 ] |[53]|68] r r r r | 68 r | 53
19 r | 981831103 r {78 r 63 f r 38 (9] r |100] 73| 8 I r t r 73 r | 58
20 r | 88 |38 |83 | « t r | 63| 93 [ 03 440 | r | 50 (43|70 ¢ r 14343143 | r | 168

* see footnotes
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Table (3): Continued.

fsolate 1Penici-{ Streplo-| Kana- | Rilam- |Ampick-| Chiora- | Amaxy- | Genla- | Dosyey- | Envih- | Telracy- [Isolate | Penici-| Strept- | Kana- | Rifam- | Ampici-| Chiora- | Amcoy-{ Genta- | Ocoycy- | Erptt- | Toteo
No. | En | mych | mycn | pin | Ko |mphen| cln | mych | e |omyon| dine | Mo | Ma fbmyo| mycn | pin | B [mphenk! cin mycn| cine Jomycinl ycine

o @0 { oo} o | g feapol 251 (10| @0 | s} (0 o] (o] o | (0] (10 jool30] @ | (10] (0 | (5] po

v | pgd | sg) | g | o) | g9) | wg) | wg)d | pe) | mg) | ) pa) | vl | v 1 ow) | e | kgl | ) | ) }
at [ ol o Jas) o r]es] ¢« Jsafmo] « Tiofet] c|ss ??" rlas] ] ;93_1_"?__5)3_
42 r 50 | ND | B0 f 50 I r 9.0 NG 80 |62 r | BB ro 108 ¢ 83 T | 53] 1634393
43 r 70 | 43 1100} « r r 53 14.3 r 58 [ 63 r 68 | 68 | 63 f f r |43 78 r 6.8
44 r f 53 150 | r r 50 | 00 | ND | 80 |64 | r {118793 ]93] « r r | 58] 88 15853
45 r} 50|43 ) 60 r r r r 9.0 r 90 65| r r {6368 r I r |38 68 r | 38
48 T 70 1 68 [ 100 40 | 130 r f r 128 | 66 t 6.3 [ 58| 58 f r r 48| 63 r 83
47 r 48 { ND | 73 r r f 53 58 ND | 68 |67 | r [ 68| 53 | 68 r r r | 58| 68 r | 43
48 r | 53 ) 58|83 | 43 f r 100 | ND | 128 | 68 | r r r |83 r 83 {48 | 133 {53 ] 93
49 r r [ ND 60| 1 r r 43 [ 143 | ND | 58 69| r | 93 |63 ) 88 ] 63 t r |58 93 r | 48
50 r | 118 ] 88 | 103 ] « 82 I 78 8.3 f 113 )70 r {103)] 58 | 838 r r 78 r 48 168178
1] r (18 93 ) 93 r 8.3 r 7.3 7.8 t 58 s T r 78 | 68 r r r 93] 103 r | 138
82 [ ¢ |93 ¢ |03 ¢ |78 ¢ r 9.8 r B3 72| r {83} 88 |83] r r |s58|98] 83 r | 138
53 r B8 { 68 | 78 r r r 53 53 r 53 | 73| r | 63178168 r r 68183 43 r | 118
54 r| 98 r 68 r r f 73 | 63 r 43 f74 [ r 138 r | 581 « r r 163 88 r | 88
55 r | 93|68 | 63 r f r 6.8 58 r r B t 831881 « r r 53] 73 14398
56 r | 83 |93 1 NN3] « r M8 78 { 143 38 1387 ([ r { 931831093 f r r 1531 68 r |13
57 r 53 ( 58 138 r 63 (103} 43 "3 68 | 148 | 77 r 63 58 | 68 t r f g | 78 r 88
58 r |43 | 58 [ 18| « ro(108] 53 [ 143 r 93 Q7| ¢« | BB 43173 r r r T 78 ¢t |98
59 r 88 ] 93 | 1ng| r 78 f 53 14.3 93 | 143 § 79 r 58 | 53 | 68 T r f 431 73 r 78
60 r |83 |78 178 1( r | 45 I 53 93 r 83 U8 ([ r |53t881981) r r r r 98 r |43

* see footnotes
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Table (3): Continued.

Isctaie: [Penic-| Strepto-| Kana- | Rilam. |ampic | Chiora- | Amay. | Genta- | Doxycy- | Evythr- | Tetracy- lisoiate [Penici-| Strept- | Kana- | Rétam. |Ampic-
No. | Wn | myon | mycin | picin | Bn |mphen| clin | mycn | cire [omycn| cine | No. | Bn [bmych| mych [ picn | Na
{10 & (10 (30 (10 | (10 Jiol{30] (25 (10 (30 (15 {30 {101 (10 7 (30 § (10 | (10
wo) | wg) | b9 | po) | pob | pod 4 ead | o) | o) U owgd | ) w) | v | vg) | o) | pg) |
81 r | 68|58 |78 r r r 48 73 t 88 19 | r |43 |68 53| 1
82 r {63 ] 38| 43 r r r r 53 r 68 |97 | r {43 |68 |73 1
83 r 168 |43 r r r r | 38| 53 f 63 98| r | 43|58 ]53]| r
84 r | 48 | 63 | 63 r r r 43 5.3 r 68 99| r | 88 | 58 83| r
85 r| 73 r 4.3 r r t r 43 f 58 [[100] r | 43 | 53 |63} 1
86 r | 73 (43 | 68| r ¢ r r 53 r 38 f101 ] r | 73173743 |68
87 r | 38|53 68| r r r 38| 38 r 48 §102| r | 53 [ 43 |53 |
88 | r | 53|73 ) 88| 1 r r {581 73 r 63 103} r | 50| 58|90 |98
8 | r | 63 | B8 | 73| 1 r r | 48 | B8 t 83 |l104] r [ 43| 68 [103] r
90 r | 68 | 98 | 73 r r f 53 58 ¢ 73 §105) ¢ 38|73 |63
)] r 43 | 98 | 68 r r r 53 68 r 68 (106 r | ND | ND | ND | ND
92 | r | 383138 |113]68 |68 43 [ 118 | 88 | 88 [107 ) r | ND | ND | ND | ND
93 r |43 |68 |68 1] r ( r | 43 ] 43 | 143 | 53 [|t08] r | ND I ND|[ND|ND
94 r 43 | 68|58 r r r |63 38 r 48 1097 r | ND | ND ] ND | ND
95 r | 68 ) 88 | 68 r f r 38 r r 58 |10 r | ND | ND { NO | ND

ool (30

53
r
58
1
93
r
i
ND
ND
ND
N.D
N.D

ND

Genta-| Daxyoy- | Ervihr- | Tetrno-
mycin | cina jomycin| yeing
(10 {30 (5} (0

Lo [ vg) | vo) 1 1g)
48| 68 | r | 83
361 63 | r | 68
53] 68 r| 93
83| 108 | 53 | 128
43 r r |38
581 1 r 1108
431 43 | r | 53
88 | 163 [11.3] 80
58] 113 | 43| 58
36| 68 | r | 60
ND| ND [ND| ND
ND| ND |ND| ND
ND | NO |ND|ND
ND| ND |ND|ND
ND| ND |ND | ND

*

r

N.D. = not determined.

The diameter {mm) estimated from the edge of the disc to the end of inhibition zone; {mean of 3 estimations).
= resistant; giving no or < 3 mm inhibition zone.
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Fig. (1}. Grouping of Azospirillum isolates according Lo their response lowards tested antibiotics based upon the range of
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the diameters on inhibition zones. M.B. figures in parantheses represent the total number of isolates tested against the

corresponding antibiolic.
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Table (4): Response of azospirilla towards test antibiotics and their percentages in total isolates.

number of azospirilla isolated from:
Test rool - free soil {13)* thizosphere (60} washed roots {22) rool interor (10) {olal isolatas (105)

antibiotics resistant | sensitive " resistant | sensilive - resislail | sensilive - resistant | sensitive - resistant | sensitive e

mean of mean of mean of mean of rmean of
No.| % | No.| % |inhibition{No.| % | No. [ % |inhibition| No. )} % | No.| % linhibition| No. | % | No. | % [ inhibiion [Noj % | No. | % [intibition]

zong zone zone 2008 008

{mm) {mm} {mmj} {mm) (mm}
streptomycin {1049} 0 0 13 100 81122 5 83 55 916 ?1:t23 4 18.2] 18 [81.8{80+24| O | O | 10 {100} 7.8423 19186 | 96 |91.4]7.5+23
hanomycn(0ug) | 0 | 0 | 13100473519 5 |83 | 55 |916172420) 4 [182| 18 |818[82:29) 1 |125) 7 |675) 8916 |10] 97 | §3 |80317.5422
Mamplun(mpg) ¢ 0__ 13 100 9.112._2 37 ) ‘5_7 95 78123 1 45 21 955 80t30 111019 (9 [89+2315]4.8]100(95.2 8.11:2.5'
ampiciflin _(IQ_y_g)__ o 12 9_2._3_ ) 1 7.‘7 6.81-0.Q 54 90 767 10 5.112.0 2} 955 1 45 3.810.(_)_ B 8| 2|20 (66403 195/905] 10 |95 6.0t1.8|
ichioramphenicol (304:9) 7 1538 _B___ _462 6‘412.0_ 39 657 21‘ 35 |6.6£26| 20 90.9 ” .2 91 43i0_0 5[50 5 8 50 | 79423 {71|67.6| M [324 6.7:2.5'
atmxyc'n_llip__(2_5__ug) _ 6 4_6_.2 7 538]79129(45| 75 15 25 _9“=__i3‘2 117 50 ‘711m 50 8 (80| 2 |20 [11.3£25(70|66.7} 35 |333 9.1:!:3.2'
igentamycin {10ug) 2 11541 N 84_.6 _6.813.1 13 2_1.7_ 47 78.3|56414 3__ 136 19 864 1 10 9 90 | 5.4x1.1 [19(18.1] 86 |B81.9|5.7+18
doxycycline (30pg) 2 [154] 11 8_416 _8‘212.2 8 (133 _52” 86.7 8.213.3 (} 1 0 _ 22 ) 100 3.942, 0| 0|10 100 96+3.3 [10] 9.5 | 95 |90.5|8.542.1
erythromycin {15u9) B |615 5_ 38:5_ __?.0;1_3 48 814 11 186(6.7134 1_6__ B4 25 _ 5 714 2 |286 __'{_.911.5 Iri7r8| 22 [22.316.5+2.7
thmydine@oug) 1 077112 (923[101£37) 2 [ 33| 58 |96.7|7583.01 1 |45 21 |955]9. 010 |10 |100]102¢39(4 ] 3.8 101 96.2'8.5:3.5

(*):

Figures in parenthesis indicate nutnber of tested isolates.

(**) : means of 3 estimations with standard deviation of means
N.B.: (1) Al isolates (100 %) were resistant to penicillin G 10 pg.
{2) underlined figures represent the number of isolates actually examined towards the corresponding given antibiotic.
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Fig. (2} a- Periodical changes in counts of total and anlibiotic resistant Azospiritlum introduced through inoculation.
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Total azospirilla in the rhizosphere soils of the three plants inoculated with
either Azospiriflum isolates were generally higher than the corresponding
ones of the uninoculated treatments. These resuits agreed with Falik and
Okon (1996}, Sofaiman et al., (2003) and Hana et a/., (2005).

Regarding the presence of the introduced antibiotic resistant
Azospiriflum isolates in the rhizosphere soils, showed or indicated that both
isolates were invariably encountered throughout the successive periods.
Population densities between 10* and > 10° /g were found to be much higher
than in the root-free soils. However, these high numbers represented only a
small fraction in total azospirilla in the rhizosphere.

Conclusion

There is a need to reassess the technique applied for introducing
selected or manipulated Azospiriflum strains in s0il as biofertilizers.

Distribution, survival and persistence of intreduced bacterial strain
will be affected by the technique of inoculation besides the pronounced effect
of the environmenta! conditions prevailing, including the population density of
the indigenous similar bacteria, which will be competed with the introduced
strain. Antibiotic marked strain of Azospirillum is recommended as a practical
technique in that respect.
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