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Abstract. A greenhouse assay was developed to evaluate the root-colonizing capability of the native
chickpea rhizospheric bacterial population. In this assay system, screening time was reduced on two
counts. First, spontaneous chromosomal rifampicin-resistani @ifins were directly inoculated to
seeds without any check for the stability of the mutation, and second, no attempts were made to
taxonomically identify all the strains being screened for chickpea rhizosphere competence. Only two
chickpea rhizosphere-competent'Rifrains from the group of six good chickpea rhizosphere colonizers
forming 10 to 1 colony-forming units (cfu)/g root were taxonomically identified Rseudomonas
fluorescen®NB13R andPseudomonaspp. NB49R, after screening 49 bacteria. Both the strains showed
no difference from their corresponding wild-type stralsfluorescendNB13 andPseudomonaspp.

NB49 in terms of chickpea rhizosphere competence. Isogenic or equally rhizospheric competitive second
non-isogenic bacterial isolate, when present in tenfold higher amount, pre-empted the colonization of the
soil by the bacterium, which was present in smaller ratio. These findings indicate that the isogenic or
equally rhizospheric competitive second non-isogeni¢ &ifins should be compared for their survival

and competition with that of the isogenic parent and with each other for specific ecological niche, before
using a mixture of isolates, for stable and consistent biological seed treatment to control soilborn
pathogens or pests or to promote plant growth.

A major factor in the unsuccessful commercialization ofextrapolate results obtained in sterile soils to those
rhizosphere bacteria has been the inconsistency of fieldxpected under field conditions [8]. Scher et al. [19]
test results. Reasons for the reported variability includemeasured the root colonization capacity of bacteria on
nonpersistence on seed before it is planted and poanaize in raw soil-sand closed test tube assay and
bacterial establishment on seed and roots [2, 4-6, 10, 18lemonstrated that root population densities determined in
17, 18, 21, 25]. The introduced microorganism mustthe soil-sand assay were comparable to those determined
colonize plant roots and demonstrate rhizosphere compavith plants grown in soils under greenhouse conditions.
tence before its further utilization as biological control However, Scher et al. [19] did not compare the competi-
and/or plant growth-promoting agent. When the propettive fitness of Rif mutants with the wild-type strain.
bacterial strain is used, plant roots are extensivelyCompeau et al. [3] have demonstrated that colonization
colonized by the introduced strain, which suggests a closef soil by a species that is isogenic to a challenging
bacteria—plant association that allows for beneficial planbrganism may preempt the colonization of the soil by the
growth or disease protection [11, 20]. second organism. This is true even when organisms
The current techniques that are required to ascertaidisplay identical fithess. This interaction may be impor-
bacterial root colonization capacity are laborious andtant in the failure of introduced strains to increase in
often produce highly variable results. Bennett and Lynchnumber when introduced into their own environment.
[1] developed a closed test tube assay for measuring root  The objectives of these studies were to develop a raw
colonization capacity of bacteria under gnotobiotic condi-soil assay for quick, large-scale screening of native
tions, which proved useful for studying specific microbial rhizosphere microflora of chickpea to identify and charac-
interactions in the rhizosphere. It is not possible toterize naturally occurring rhizosphere bacteria that could



C.S. Nautiyal: Chickpea Rhizosphere-Competent Bacteria 13

on Pseudomonassolation agar, Nutrient agar, and Tryptone-Glucose-
Yeast extract (TGY) agar (from HI-MEDIA Laboratories Pvt. Ltd.,
Bombay, India). Colonies representative of different morphological
types present on the plates were selected and purified on minimal media
based on AT salts [16]. Microflora associated with the rhizosphere of
chickpea were identified as described earlier [15].

Spontaneous bacterial Ritrains were isolated on TGY agar
plates containing 100 pg rifampicin (from Sigma Chemical Co., St.
Louis, Missouri, USA)/ml by plating 100 pl overnight grown culture per
plate. Resistance to rifampicin was used because it is mediated by a
mutation inB subunit of RNA polymerase [22], unusual among soll
bacteria. The chromosomal nature of the mutation affords greater
stability than occurs with plasmid-borne markers and is also advanta-
geous since the mutation is not transferable [3]. This popular technique
is simple, rapid, sensitive, inexpensive, and has been used successfully
with samples from various environments [10].

Spontaneous bacterial Rétrains showing growth comparable to
wild type, on TGY agar plates containing 100 pg rifampicin, were
selected for further studies. Serial dilution plating of the Rifains was
done on TGY agar plates containing 0, 5, 25, 50, and 100 pg
rifampicin/ml. No significant differences in the viable counts were
observed in different plates. Thus, TGY agar plates containing 50 ug
- ¥ rifampicin/ml, an amount sufficient to inhibit the growth of other
2 Cm ( Sand) organisms in non-sterilized soil, were used to recover Rifins from

the rhizosphere.
" Bacterial inoculum for chickpeeaCicer arietinumL.) seeds was
prepared by scraping 48-h grown culture from AT plates with 10 ml of
0.85% saline MQW. Chickpea seeds were surface sterilized by gently
shaking (80 rpm, on a reciprocal shaker at 28°C) with 70% ethanol (5
min), 20% bleach Chlorox (10 min), followed by three rinses in sterile
MQW. After surface sterilization seeds were soaked in the bacterial
i suspension fio4 h at28°C on a reciprocal shaker at 100 rpm. Control
: '_jt seeds (uninoculated) were soaked in 0.85% saline MQW washed from
) - . . ) uninoculated AT plates. Inoculum levels of seeds were determined by
Fig. 1. Sand-nonsterilized soil assay system for screening chickpea . . o
thizosphere-competent bacteria. agitating four seeds frqm each trea_tmen; e_md plated after serial d||_ut|on
on AT agar plate containing 50 pg rifampicin/ml. Mean colony-forming
units (CFU)/seed were determined by averaging the CFU/g values of
eﬁectively colonize Chickpea roots. These bacteria wouldhree populations in three replicates per treatment after 48-h incubation
then be available for genetic manipulation and eventuaff the plates at 28°C.

use as bioloaical control agent or plant arowth-promotin Seeds for treatments in which mixtures of two isolates were used
g 9 P g p gv_vere inoculated by using the same total number of bacteria for the

bacteria applied as seed inoculants. Fitness of the genetlocuium as was used for the single-isolate treatments. Thus, one-half
cally marked strains was confirmed by their ability to the normal amount of each isolate in the mixture was used.
successfully compete with wild-type parents. The fate of ~ Trays (35X 35 cm) with 16 (4x 4) places per tray (each space
Rifr rhizosphere—competent bacteria of chickpea, either g¥as of 7 cm width, 10 cm depth, and 1 cm apart from each other) were

. . . . - used to grow plants. Each place was filled up to 6 cm. with either
a Smgle isolate or as a mixture of two ISogenic or eql'la‘"ynonsterilized or sterilized (1 h at 121°C for 3 consecutive days) soil,

competitive non-isogenic isolates, was monitored aftefynen stated. Tap water (25 ml) was added to each hole before planting
their introduction into nonsterilized soil. seeds to adjust the soil to 20% moisture. One bacteria-treated seed was
added per hole and covered with 2 cm sterile coarse sand (Fig. 1).

Plants were grown in a greenhouse and were carefully removed at
the specified times from the pots, and all root segments 5 mm below
Bacterial strains were isolated from the roots of field-grown chickpeaseed remnants were excised. This was done to ensure that only the
(Cicer arietinumL.) grown in chickpea fungalHusarium oxysporurf bacteria that colonized the roots and not the bacteria that remained on
sp. ciceri,Rhizoctonia bataticolaand Pythiumsp.) disease-conducive the seed coat were assayed. Roots were washed thoroughly to remove
plot maintained for the past 60 years at C.S. Azad University ofall the sand particles and then macerated in 0.85% saline MQW with a
Agriculture and Technology, Kanpur, India. Roots were sampled after 6mortar and pestle. Rhizosphere bacterial population was quantified by
weeks of plant growth in the fungal disease-conducive soil, because theerial dilution plating of the homogenate on TGY media, in the presence
bacteria that are present at this stage would be organisms that haat absence of 50 pg rifampicin/ml, as and when required. Recovery of
colonized roots during initial root development. Roots were thoroughlywild-type Pseudomonas fluoresceaad Pseudomonaspp. from the
washed with tap water to remove all loosely adhering soil particles,rhizosphere of the sterile soil was done by initial plating onto
followed by washing with sterile 0.85% (wt/vol) saline Milli Q water Pseudomonaisolation agar followed by replica plating dtseudomo-
(MQW). The roots were then macerated in 0.85% saline MQW with anasisolation agar containing 50 pg rifampicin/ml to enumerate thé Rif
mortar and pestle. Serial dilutions of the homogenate were then platedubpopulation.

6 Cm (Soil )

Materials and Methods
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Table 1. Rifampicin-resistant bacteria as seed inoculants on chickpea root population assayed after 30 days pdstgantrgpnsterilized
soil assay

Isolate CFU/seed CFU/g root Isolate CFU/seed CFU/g root
NBO1R 1.2x 104 2.0x 10° NB30R 5.7x 1P 1.3x 10
NBO2R 1.3x 10° 3.2x 10 NB31R 1.5% 10° 2.0x 1P
NBO3R 4.2x 10¢ 3.3X 107 NB32R 3.4x 1063 3.2%x 10°
NBO5R 1.8x 10° 1.5% 107 NB33R 7.2x 10° 4.9x 104
NBO6R 1.0x 108 3.5x 10° NB34R 8.5x 1P ND
NBO8R 1.2x 10 ND¢ NB35R 6.3x 10* 2.6x 107
NBO9R 1.2x 10° 7.3x 107 NB36R 1.5% 10° 4.8%x 106
NB10OR 1.2x 104 57X 107 NB37R 3.5x 10 23X 10°
NB11R 1.5% 10° 2.9% 10 NB38R 5.7x 10* 7.9%x 10°
NB13R 1.6x 104 27X 10° NB40OR 6.4x 10° 42X 10°
NB14R 1.2x 10° 3.8X 10° NB41R 6.1x 10° 5.0x 10°
NB15R 1.7x 10° 3.3X 107 NB42R 8.3x 1(° ND
NB16R 1.0x 10° 7.6x 107 NB44R 2.5% 10° 3.2x 10¢
NB17R 2.4x 10 ND NB45R 3.0x 10* 43X 10°
NB18R 3.8x 1(° 8.2X 10P NB46R 1.2x 104 6.4%x 107
NB20R 5.0x 1¢° 3.6x 10 NB47R 43X 10° 5.6 X 10°
NB21R 9.1x 1C° 47X 10° NB48R 2.6% 10° 6.5x 10°
NB22R 1.2x 10° 2.0x 10* NB49R 1.1X 10° 23X 10°
NB23R 1.8x 10 6.5x 10° NB50R 6.8x 10* 7.3% 10°
NB24R 1.2x 108 3.2x 10 NB51R 3.3x 1¢° 8.2x 10¢
NB25R 9.4x 1P 2.6X 102 NB52R 6.2x 10° ND
NB26R 1.2x 100 6.7 X 10° NB53R 7.3X 10° 8.2x 10¢
NB27R 3.0x 10° 5.6 X 10° NB54R 5.6X 103 27X 10°
NB28R 8.7x 10 2.3X 108 NB56R 2.5% 10° 3.6 10¢
NB29R 3.5X 10° 8.9X 1P ControP 0.0 ND

a Number of days after planting when roots were sampled.

b Values represent the average of three replications.

¢ Values represent the average of four replications. Dry weights (g) of root systems were sampled.
4 ND, not detectable.

¢ Uninoculated seeds were used as control.

No naturally occurring Rifbacteria were seen when root homoge- could broadly be divided into three different groups. First

”a_tles'\;’f “”‘”toij“r'at‘id Cor:”‘;'ts Werredﬁ'_atdef :Tg‘ Ste_:'enor ”i”sf‘ggLegroup consisted of six good chickpea rhizosphere coloniz-
11S. r W | | V .

ngsre r:gisir?ng?r?eiveegighi.ﬁile;gee Cliulg (dry?/\)/lzighi; 0?r§ot§were rs \_Nlth 10 to 103. CFU/Q root; the second gi’Ol:Jp
made as previously described for seeds, except with four replication§ONSisted of 30 medium chickpea rhizosphere colonizers
per treatment. with 10* to 1® CFU/g root; and the third group consisted
of 13 poor chickpea rhizosphere colonizers with nonde-
tectable to 1® CFU/g root (Table 1). Two Rifstrains
NB13R and NB49R from the first group of good chickpea
Fifty-six bacterial strains, representing different morpho-rhizosphere colonizers were selected for further detailed
logical types, were isolated from the rhizosphere ofstudies. These two strains were identifiedRadluore-
chickpea. Forty-nine spontaneous 'Rifrains showing scendNB13 andPseudomonaspp. NB49 respectively.
growth comparable to its wild type, on TGY agar plates To evaluate the ecological fithess of the wild-type
containing 100 pg rifampicin, were selected. No 'Rif fluorescensNB13 and Pseudomonaspp. NB49, their
strains could be obtained on the TGY agar platesRiff derivativesP. fluorescen®iB13R andPseudomonas
containing 100 pg rifampicin for three cultures, while the spp. NB49R were inoculated 1:1 with the respective
size of Rif strains in four bacterial cultures was too small wild-type parentP. fluorescen®NB13R andPseudomo-
by 48 h as compared with its wild type. Initial bacterial nasspp. NB49R increased in titer at the same rate and
population densities on seeds ranged frond tD1®  achieved the same final density of aboux 1L0® CFU/g
cfu/seed (Table 1). The average root colonization valuesoot by 3 weeks and decreased by about 1.Q.lagits
CFU/g (dry weight) of roots of the Rifstrain, after 30 when sampled after 9 weeks (Fig. 2A and B). WhenRhe
days of post planting, ranged from nondetectable t 10fluorescend\B13 was inoculated to the seed at a tenfold
CFU/g root. Five RIif strains failed to colonize roots excess oveP. fluorescendlB13R, the strains maintained
(Table 1). From the CFU/g root values, 49 Rifrains  the same ratio up to 9 weeks and vice versa (Fig. 2C and

Results
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Fig. 2. Survival and competition & fluorescenslB13, P. fluorescendiB13R,Pseudomonaspp. NB49, andPseudomonaspp. NB49R in sterile
soil. Bacteria were distinguished by RiA and B) 1:1 initial ratio; (C and D) 1:10 and 10:1 initial ratio, respectively. Four observations per mean.

D). Similar results were obtained féfseudomonaspp. Table 2. Effect of rifampicin-resistant bacterial isolates in various

NB49 andPseudomonaspp. NB49R (data not shown). combinations as seed inoculams on chickpgg root pppulation assayed
P. fluorescendlB13R andPseudomonaspp. NB49R after 30 and 90 daygost-planting in nonsterilized soil

were further studied in nonsterilized soil based on

rhizosphere competence (Table 1), to evaluate the effect _—

of indigenous microbial population on the introduced 'solate(s) CFU/seéd 30days 90 days

bacteria and on each other. Titer of b&®hfluorescens

CFUI/g root

NB13R and Pseudomonaspp. NB49R increased to E'Sii%f;%enﬁﬁﬁmg,q %_35;: ﬁ ééz 183 é:x 132
about 1x 10 CFU/g root by 30 days and decreased byp. fluorescensiB13R+ 38%x10F 85%x 107 7.3X 10°
about 2.0 logy units when sampledfter 90 days (Table 2). Pseudomonaspp. Nb49R (1:1) 4.4 10° 7.8X 107 53X 1(°

Mixing of two non-isogenic isolates?. fluorescens E-Szz%fs:;en”NBmﬁ;‘lgR (£:10) 6-73§ 18;‘ giz 18? ;éi ﬁ
NB.13R andPSGUdomqnaSpp' NB49R, terthPfr m. the P. quorescena;%plsRJr 56X 10F 8.4x 107 19X 1P
ratio of 1:1 resulted in the successful colonization Ofpseudomonaspp. NBAYR (10:1) 4.8 10° 17X 16F 8.6 10*

chickpea rhizosphere, indicating that the two isolatescontror 0.0 ND ND
examined were compatible with each other (Table 2):
When theP. fluorescens\B49R was inoculated to the ZNUImbEf of days af:]e’ planting "‘;hﬁ” fOOtSI‘_’VQV? sampled.
seed at a tenfold excess overfluorescendB13R, the _ valuesrepresentthe average of three replications. .

. . . . ¢ Values represent the average of four replications. Dry weights (g) of
strains maintained the same ratio up to 30 days, but by 90, s stems were sampled.
days the counts were comparable aiw versa (Table 2). d¢ND, not detectable.

€ Uninoculated seeds were used as control.

Discussion : : o
chickpea. In this assay system, 44 of 49 Rifains tested

An efficient sand-nonsterilized soil assay is describedvere able to compete with native soil microorganisms
here for evaluating rhizospheric colonization potential ofand colonize chickpea roots. The advantage of this
diverse group of bacteria isolated from the rhizosphere ofystem over a sterile or closed-test-tube raw soil assay is
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that the capacity to compete in native soil as well as thehose of the isogenic parent and with each other in a
ability to grow on roots with regular irrigation is required specific ecological niche, for stable and consistent biologi-

for rhizospheric colonization. The rhizospheric bacteriacal seed treatment.

used in this study were sampled 4 weeks after harvesting

of the chickpea shoots. During this period the plant rootsy cxnowLEDGMENTS

were subjected to temperature and water stress, becaus
maximum daytime temperature during this period in the

e
Thanks are due to P.V. Sane, Director, National Botanical Research
Institute, for valuable encouragement and critical comments on the manu-

Unirrigamd field ranged from 46°C to 50°C. Past reSu”%cript. This investigation was supported by the Super Special Grant
with sugar beet [23], potato [9], and wheat [26] demon-from the Director General, Council of Scientific & Industrial Research,
strated that most bacterial strains that colonized root$lew Delhi, India.

immediately after plant emergence continued to colonize

the developing root system throughout the season. There-terature Cited

fore, it can be presumed that the bacteria that are present

at this stage would be the most competitive rhizospheric
bacteria that had colonized chickpea roots during initial

root development and survived throughout the 5 months2.

of growing season of chickpea and 1 month post-harvest
high temperature and low water availability stress. Any
useful competitive rhizospheric bacteria, to be available
for the next chickpea growing season, will have to

undergo these stressful conditions (high temperature and+

drought).

Current techniques require much time to screen the
native microorganisms for rhizospheric competence. In
the present study the screening time, compared with
previous reports [3, 7, 12—-14, 19, 24] has been reduced on
two counts. First, Rifstrains in the present assay system
were directly inoculated to seeds without any check for

the stability of the mutation, which usually requires at 7.

least 25 passages through nonselective media. It is
anticipated that any Rifstrain that shows high CFU/g
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It was also demonstrated that colonization of soil by thel4
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preempt the colonization of the soil by the bacterium,
which is present in the higher ratio. These observations

have important implication for the commercial biofertil- 16.
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bacterial isolates for “super” seed treatment. Thus, to,,
ensure the success of the introduced strains, it will be
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12.

Bennett RA, Lynch JM (1981) Bacterial growth and development
in the rhizosphere of gnotobiotic cereal plants. J Gen Microbiol
125:95-102

Burr TJ, Caesar A (1984) Beneficial plant bacteria. CRC Crit Rev
Plant Sci 2:1-20

3. Compeau G, Al-Achi BJ, Platsouka E, Levy SB (1988) Survival of

rifampicin resistant mutants oPseudomonas fluorescersd
Pseudomonas putid&n soil systems. Appl Environ Microbiol
54:2432-2438

Gaskins MH, Albrecht SL, Hubbell DH (1985) Rhizosphere
bacteria and their use to increase plant productivity: a review. Agric
Ecosys & Environ 12:99-116

5. Glandorf DCM, Sluis | van der, Anderson AJ, Bakker PAHM,

Schippers B (1994) Aglutination, adherence, and root colonization
by fluorescent pseudomonads. Appl Environ Microbiol 60:1726—
1733

6. Halvorson HO, Pramer D, Rogul M (1985) Engineered organism in

the environment: scientific issues. Washington D.C.: American

Society for Microbiology

Juhnke ME, Mathre DE, Sands DC (1987) ldentification and

characterization of rhizosphere-competent bacteria of wheat. Appl
Environ Microbiol 53:2793-2799

8. Klopper JW (1981) Plant growth-promoting rhizobacteria and plant

growth under gnotibiotic conditions. Phytopathology 71:642-644

. Klopper JW, Leong J, Tientze M, Schroth MN (198®%eudomo-

nas siderophores: a mechanism explaining disease-suppressive
soils. Curr Microbiol 4:317-320

Kluepfel DA (1993) The behaviour and tracking of bacteria in the
rhizosphere. Annu Rev Phytopathol 31:441-472

1. Lam ST, Gaffney TD (1993) Biological activities of bacteria in

plant pathogen control. In: Chet | (ed) Biotechnology in plant
disease control. New York: Wiley-Liss Press, pp 291-320

Lewis DM, Broomfield ESP, Barran LR (1897) Effect of rifampicin
resistance on nodulating competitivenessRifizobium meliloti.
Can J Microbiol 33:343-345

13. Liang L, Sinclair J, Mallory L, Alexander M (1982) Fate in model

ecosystems of microbial species of potential use in genetic
engineering. Appl Environ Microbiol 44:708-714

Loper JE, Haack C, Schroth MN (1985) Population dynamics of
soil Pseudomonadsn the rhizosphere of potatoS¢lanum tu-
berosuni.). Appl Environ Microbiol 49:416-422

. Nautiyal CS, Dion P (1990) Characterization of opine-utilizing

microflora associated with samples of soil and plants. Appl Environ
Microbiol 6:2576-2579

Nautiyal CS, Dion P, Chilton WS (1992) Diauxic growth of
Agrobacterium tumefacierts5955 on succinate and mannopine. J
Bacteriol 174:2215-2221

. O'Sullivan DJ, O'Gara F (1992) Traits of fluoresc@seudomonas

spp. involved in suppression of plant root pathogens. Microbiol
Rev 56:662—676



C.S. Nautiyal: Chickpea Rhizosphere-Competent Bacteria

17

18. Prosser Jl (1994) Molecular marker systems for detection of23. Suslow TV, Schroth MN (1982) Rhizobacteria of sugar beets:

genetically engineered micro-organisms in the environment. Micro-

biology 140:5-17

19. Scher FM, Ziegle JS, Klopper JW (1984) A method for assessin924-

the root-colonizing capacity of bacteria on maize. Can J Microbiol
30:151-157

20. Schmidt EL (1979) Initiation of plant root-microbe interactions.
Annu Rev Microbiol 33:355-376

21. Schroth MN, Hancock JG (1981) Disease suppressive soil and root

colonizing bacteria. Science 216:1376-1381

22. Sippel AE, Hartmann GR (1968) Mode of action of rifampicin on
the RNA polymerase reaction. Biochim Biophys Acta 157:218-219

effects of seed application and root colonization on yield. Phytopa-
thology 72:199-206

Turco RF, Moorman TB, Bezdicek DF (1986) Effectiveness and
competitiveness of spontaneous antibiotic-resistance mutants of
Rhizobium leguminosarurand Rhizobium japonicumSoil Biol
Biochem 18:259-262

. Weller DM (1988) Biological control of soil borne plant pathogens

in the rhizosphere with bacteria. Annu Rev Plant Pathol 26:379—
407

. Weller DM, Cook RJ (1983) Suppression of take-all of wheat by

seed treatments with fluorecent pseudomonads. Phytopathology
73:463-469



