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. Abstract

. i’lant grthtprOmgtihg rhizobacteria (PGP,R) are vkno;\iyrj ,’for. their potential
use as biofeftiliz_eré, \;vhich can‘ help to reduce the need and cost for synthetic
fertilizers. The distribution and quantiﬁéation of three PGPR in association with
corn (2ea Mays L.) was deterrﬁined by the detection of chaperonin60 genes
through real-time quantitativewPCR. Sphingobacterium canadense, Azospirillum
zeaé, and Gluconacetobacter azotocéptans were detegted at concentrations
approabhing 10° CFU/g in root tissues and rhizosphére soils in corn-growing
L reg\;\i)onsu of Ontario and Québec. Three additional bacterial isolates were
Eécoveredfrom corn rhizosphere soil and rﬁots then‘ identified via colony PCR.
Greenhouse trials of all six bacteria és -seed inoculants yielded no significant
| promotion of(growth in corn. This study indicated that S. canadense, A. zeae,
a‘ryldi G. azoi‘ocaptans were detected in Iocatibns where previously unknown to be,

new PGPR can be isolated, and that a variety of potential‘PGPR inoculants failed

to bromote corn growth. \

Keywords: Azospirillum zeae, bacteria, chaperonin, Gluconacetobacter
azotocaptans, plant growth-promoting rhizobacteria, real-time qPCR,
rhizosphere, soil, Sphingobacterium canadense, Zea mays L.
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" Chapter 1

Y

Gehéral Infroductién B

1.1 Corn as a crop :
1.1.1 Scale and impact of corn production

_Clc_)_’rnﬂ V(Zea m'astL.) is ohe Qf the most widely farmed cereals. in_ the V\!Of.|d~
In Qanaéa, it “is estimated_' to ,curr»ently cover 1,200,000 hectares (Statistics
Canada, 2010), an area thét has rémained steady for the last decade. The total
yiéld from this crop was 10,554,50‘()'metric tonnes in 2007 for all of Canada
(Statistiés r’Can:ada,: 2007)." Corn productioﬁ is 'highly dependent on chemical
fertilizers such as nitrogen, usually applied at rates of 140-165 kg N/halyear
(Anuar et al,, 1995, OMAFRA, 1995). The seed is used in an extremely wide
réhgé of products 'su"ch'rés‘;cOé'fﬁétiés;"plastics," adhéSiVes; feed for humans and
Iiv‘estock,A' and, mbfe recéﬁtly, fuel alcohol. As demand for corn rises, particularly
~for ethanol prodL‘lction,' intensified 'corn cultivation presents an economic
Ichallenge'. An increase in the demand fof cosﬂy fossil fuels idc\:\cu‘rszv"becalj’se they
are a significant component in the production of synthetic fertilizers. AéCord‘ihg to
thé Un'itedk" Stateé’ Department_' of Agriéultufe (USDA),) the cost of nitfovg‘en
ferti»liz_"érs' (é.g..”ureaA,"”:éirhmoni?Urh" nitrate and others) in the past’ 10 years has
| dbubléd,' peaking at"ap;;roxi‘r’na‘t'e‘lyv $500/tonne (USDA, 2010). There is also an
environmental concern related to the leaching of excess synthetic fertilizer IWi\th
respect to maintaining soil and water quality within the"e'cos;ySfé‘rh. " Over-
apblication of fertilizers," or application at a time when the g’r'o'uv"nd‘ is waterlogged
or the crop‘is nbt able to use the fertilizer, can lead to Cohtérhination bf ground-

and surface waters. This can lead to rapid grthh of algal Speciés and



destruction . of ' lake ecosystems through. a  process called eutrophication
(Environment Canada, '}2001) Excess N, above 10 ppm nitrate-nitrogen
(OMAFRA, 2005), in drmkrng water.can lead to adverse health effects such as
blue-baby syndrome (Comly, :1945). For these .reasons, research towards
achieving the“requiredj crop fertility/nutrient status while addressing cost and

environmental concerns is currently of interest.

1 1 2 Macronutrlents requrred for corn productlon
Sonl nutnents particularly nrtrogen potassrum and phosphate are needed
for corn growth and development Currently, the fertllltlzatlon needs of most corn
crops are met through the appllcatlon of synthetic fertlllzers but manures,
brosolrds and crop rotatlons wnth Iegumes are also ut|I|zed to lncrease the fertlllty
of the soH (OMAFRA 2009) Co
" The I|m|t|ng macronutrrent in the soﬂ is usuaIIy nrtrogen because |t must be
converted to a reduced or f xed state before |t can be used by crops Com isa
" non- Iegumlnous specres SO |t cannot form symblotrc reIatlon\shlps W|th bacterla
that fix nrtrogen through nodules as is found with crops such as peas (Plsum
satrvum L) beans (Phaseolus vulgans L) Ientlls (Lens cullnans M ) and aIfaIfa
(Medlcago sat/va L ) These symblotlc relatlonshlps are hlghly valued because of
the nutnents they can prowde to the pIant Corn has been found to have
relatronshlps with assocratlve and free—lrvrng bacteria that can biologically fix
nitrogen. - The distinction between nitrogen fixation via associative versus free-
Iiying bacteria is not completely clear because many organisms can be defined

by one or both terms. Associative nitrogen fixation is .commonly defined as



“ﬁxation of nitrogen by diazotrophic bacteria under the direct influence of a host,
exchanging nutrients but no differentiated root structures are formed (Dalton and
Kramer, 2006). F reeeli\/ing nitrogen fixation occurs within the vicinity of the plant
but the microbes do}ltnot rely on the_ plant as a host. Associative bacteria are
mostly found closer to the roots of plants, whereas free-living bacteria are found
futther-.within the soil. . Plant growth-promoting rhizobacteria (PGPR). are free-
living bacteria that can colonize around plant roots and compete with other
microﬂota for nutrients (Kloepper et al.,, 1978). Some PGPR, referred to as
endophytes, are capable of invading the tissues of living plants causing
asymptomatlc mfectlons (Sturz and Nowak 2000). PGPR have the potential to
pv;owde thelr plant hosts wnth f xed mtrogen solubilized phosphates, and other |
micronutrients as well as growth-stimulating phytohormones, such as indole-3-
acetic acid (IAA) (Podile and Kishore, 2006).

-~ In Brazil, endophytic, nitrogen-fixing bacteria such as ;Gluoonacetobacter,
diazotrophicus, are utilized in sugarcane production, thereby\:feducing the rates
- of synthetic fertilizer application levels to 50 kg/ha versus 100-350 kg}/ha in other
countries (Baldani, 2002). . Tropical climates, such as that of Brazil, are more
favourable for associative and free-living nitrogen fixation because of -optimal
temperatures and  high light intensity resulting in anincreased supply of

photosynthate (Débereiner et al., 1972).

1 2 Rhlzosphere
Reglons within the sonl ecosystem that are adjacent to and mfluenced by

seeds and roots prowde mlcroenwronments wnth organlc substrates that are



readily available for‘proliferation of ‘a diverse array of soil microorganisms
(Kennedy, 2005). Plants offer a wide range of habitats that support microbial
growth, which include sites that are moist and rich in nutrients (Beattie, 2006).
One region in particular that microorganisms inhabit.is the area influenced by the
root system, called therrhizosphere. This volume of soil surrounding the roots is
influenced chemically, physically, and biologically by the plant roots (Sorensen,
1997). It is well known that many plants can establish rhizospheric and/or
endophytic associations with various bacteria such as Azospinllum — a bacteriai
genus that can supply plants with fixed nitrogen (Beattie, 2006).

1 3 Plant growth promotmg rh|zobacter|a

1.31 Diver3|ty of PGPR L

| ' PGPR are divided into two . groups according to their mode of plant
interaction direct or indirect (Glick et al., 1999). Phytohormone production and
enhancement of plant nutr|t|on are the two major mechanisms by WhICh PGPR
dlrectly contnbute to pIant growth Enhanced plant nutntlon occurs malnly
through iron uptake by productlon of iron- chelatlng S|derophores and phosphorus
uptake by soiublllzatlon of |norgan|c phosphates (Podlle and Kishore 2006)
‘Indlrect benef ts of PGPR |nclude suppress:on of harmful microorganisms that
|nh|b|t plant growth and suppreSSIon of root pathogens through parasmsm and
competltlon for nutnents and space W|th|n the pIant root area (Podlle and
Kishore 2006) : o .

| Plant type soﬂ type and the nutrlents avallable are the Iargest factors

affectlng the diver3|ty of PGPR Strains of genera |ncIud|ng Azospmllum (Munir



: et al., 2003; Mehnaz et al., 2007a), Azotobacter (Narula et al., 1981), Bacillus (de
Freitas et al., 1997; Murphy et al. 2003; Jaizme-Vega et al., 2004), Enterobacter
(Mirza™ et al., 2001), Gluconacetobacter (Mehnaz et al., 2006a), Klebsiella
(Iniguez et al, 2004), Pseudomonas (Arndt et al. 1998; Garcia et al..2003; Dey et
aI.,,2004;'. Tripathi et al., 2005), Phyllobacterium (Bertand et al., 2001), and
Rhizobium (Antoun et al., 1998; Gupta et al., 2003) ha\re been identified: as
PGPR, while the search for additional strains continues.

o The search for growth-promoting bacteria to enhance non-leguminous -
plant growth has been the focus of study in the Lazarovits’ lab for multiple years.
~ Work completed by Mehnaz (2006a; 2007a; 2007b) resulted in three promising
newly ‘giscovered species . in - Canada, . Gluconacetobacter ~azotocaptans,

‘Sphingobacterium canadense, and Azospirnillum zeae. .. .

1 3 2 Gluconacetobacter azotoca}‘)tans‘ o

g Gluconacetobacter specres are . often present in hrgh densrtles rn or
surroundrng the xylem of grasses (Hurek etal., 1994) rrce (Yc}u and Zhou 1989)'
and sugarcane (Olrverra et al 2002) Vascular tlssue provrdes an |deaI
envrronment for colonlzatlon because it has a relatlvely Iow pOp_ and hlghv‘
concentratrons of photosynthate (Butz and Long, 1979) Assocratron W|th the
vascular elements (both xylem and phIoem) facrhtates nutnent exchange
between the diazotroph and the host plant (Patriquin, 1983). Gluconacetobacter
diazotrophicus, a species found in high-numbers in roots and stems of sugarcane
in Brazil and Australia. (Stephan, 1991), was the only known nitrogen-fixing

species of this genus until Jimenez-Salgado et al., (1997) isolated two more



acetrc—acrd producmg, nrtrogen-fixmg species, Gluconacetobacter azotocaptans ‘
and Gluconacetobacter johannae from the rhizosphere son of coffee plants
(Fuentes-Ramirez, 2001). The original discovery of G. diazotrophicus and its
association with nitrogen fixation in sugarcane came about after many years of
attalning high yields of this crop in Brazil whlle using minimal amounts of N
fe_rtlllllzer BraZ|| IS the world’s primary producer of sugarcane supplylng high
demands for export as well as using the sucrose for ethanol production to fuel
approximately half of »their automobiles (Triplett, 1996). Uncovering- an
association v‘vith‘corn similar to G. diazotrophicUs and sugarcane would have a
huge impact on vcurrent agricultural practices in temperate regions.
élUconacetobacter azotocaptans DS1 is a Gram-negative, acid producing,
nitrogen.-tixing»;:‘bacterium that was originally isolated from the rhizosphere soil of
corn grown in Delhi, Ontario (Mehnaz et al. 2006a). Analysis showed strain DS1
to proddce iAA ('106“ ng/ml), fix nitrogen (40 nmoI/h/mg\ bacterial protein) and
sdlyubilize phospnate (Table 1.1). Strain DS1 can also \broduce antibiotic
comoounds ""against several ,tu_ngal pathogens and has oeennshown‘\to ‘prom»ote
| tne grovirth 'of three'corn varieties in sterile sand and dnsterilized soil under
greenhouse conditions (Mehnaz and Lazarovits, 2006b). Given these findings,

this isolate appears to be a promising agent for use as a biofertilizer.

1.3.3 Sphingobacterium canadense
Many Sphingobacterium species, including S. antarcticum, S. bambusae,
S. composti and S. anhuiense and others, have been discovered in association

with materials ranging from soil surrounding lakes (Shivaji et al., 1992), compost
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Table 1.1. Characteristics of Sphingobacterium canadense, Gluconacetobacter -
ézotocaptans, and Azospirillum zeae, frqm Mehnaz et al. (2006a; 2007a; 2007b).

Characteristic =~ = S. canadense G. azotocaptans ‘A. zeae
Motility . - - ND +
Growthats’C . -  _ND . -

. Growth at 41°C - - s
Gram stain reaction - -
pH range for growth . 5.0-100 4070 . . 5070
“Carbon source utilization:

D-Glucosé s + +
D-Galactose =+ + i
‘D-Mannitol - - L

- Sucrose o+ + -

. leycérol + + +
Maltose o - -

IAA production o+ + S+

Phosphate solub‘ilizativo.n ey o + e 1T

Nitrogenase activty - | + | .t

For growth at 5 °C, growth at 41 °C, and carbon source utilization:
+, good growth; —, no growth; + slight growth; ND, not determined
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sgmples (Ten et al, -2006), so‘ilﬂfrom forests (Wei et al., 2008) and bamboo
plantations (Duan et al., 2009). From this, it is evident that fhese bacteria have
an association with plants but few studies have been conducted on their ability to
promote plant growth. |

One recent. study with Sph)'ngobacten‘um strain 1ZP4 from a metal-

7

contaminated site revealed significantly increased root and shdot length as well
as root and shoot biomass in corn. Also, P and N levels in the roots were greater
than that of the non-inoculated control (Marques et al., 2010). =~
Sphingobacterium canadense CR11 is a free-living,  Gram-negative
bacterial strain isolated from corn rhizosphere soil of fields from London, Ontario
in. 2007.  The genus Sphingobacterium currently contains 17 species and S.
canadense was the first to be isolated in Canada. The cells of this bacterium are
short: rods; they grow between 20 and 37°C, pH ranging from 5-10 and
concentrations of 0.5-3% NaCl, and produce the plant hormone, IAA (277 ng/ml)
(Mehnaz ét al.,, 2007b) (Table 1.1). Recent greenhouse t{iéls with two corn
varieties inoculated with S. canadense CR11 in sterile sand revealed 24% and
30% increased dry shoot weights and 16% and 21% increased dry root weights
after 30 days growth (Mehnaz et al., 2010). - Similar effects were noted in corn
dry root and shoot weights when the experiment was repeated in noﬁ-sterilized

field soil.
1.3.4 Azkospirillum'zeae .
Azoépirilli:m is one of thé”rAnost eXiehsiver studiéd genéra of‘diazotrophs.

in 1 925, the first Azoépiﬁlldhi' isdlate was 'd.i‘scove'r'ed in the Netﬁerlandé by



Beijerinck (as cited in Tarrand et al. 1978) but only. beginning in 1975 was its
potential value in plant development recognized. Débereiner and Day (1975)
noticed grasses associated with AzoSpiriIIum were not as’.nitrogen deficient as
those that lacked Azospirillum. Since then, Azospirillum,has been isolated from
the roots ofnumerous.wild and cultivated plants, from moist tropics (Débereiner
et al., 1976; Kirchhof et al.,:.199”7; Gunarto et al., 1999) to temperate regions
(Mertens and Hess, 1984; Mehnaz et al, 2007a). It has been found at densities
as high’ as 105-k1 0’ bacteria per gram soil or root in the tropics (Dobereiner and
Pedrosa 1987) Many spemes of thls genus are capable of f xrng nltrogen and
promotlng plant growth through a varlety of mechanlsms For example
‘Azosplrrllum brasrlense Az39 promoted seed germmatlon and early seedllng
growth in corn, especrally mcreased dry plant welght and shoot length when
compared to non- moculated seeds m a greenhouse evaluatlon (Cassan et al.,
2009) | | o B
Azosplrlllum ztaae N7 was |solated from corn rhlzosphere sorl in London
Ontario in 2007. The specres is descnbed as Gram-negative, with motile rods via
single polar ﬂagellum and has semi-hellcal shaped cells - a consistent
charactenstlc of Azosp/nllum spp Th|s |solate grows between 20-41°C, pH 5-7
and in 0 5-1 0% NaCl (Mehnaz et al 2007a) For Azospmllum zeae N7 Mehnaz
(2007a) demonstrated IAA productlon in the presence of 100 mg tryptophan/L in
comblned carbon medium (CCM) (Rennle 1981) The amount of IAA produced
was between 6. 0—6 5 mg/ml An acetylene reductlon assay was carned out as

descnbed by Mehnaz et aI |n 2006 usrng seml-sohd malate medlum A ve|I like
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subsurface pellicle formed and from this area of high nitrogenase activity, a

range of 5.9-6.6 umol ethylene/h/mg protein was observed (Mehnaz et al.,

2007a). Azospirillum zeae N7 has increased root weight in corn variety 39D82

~.and increased shoot weight in corn variety 39T68 (Mehnaz and Lazarovits,

2006b) but no articles on the potential growth-promoting abilities of this species

have been published since this study.

' 1.3.5 Distribution of three potential PGPR

G. azotocaptans was first isolated from coffee plants in Mexico and
subsequently discovered in association with corn plants inDelhi, Ontario, as
previously;',mentioned., - Sphingobacterium canadense  and. Azospirnillum zeae
have been identified. from only one location in London, Ontario, according to
current literature (Mehnaz et al., 2007a; 2007b). - The distributions. of these
bacteria are unknown and it is advantageous to determine how extensive their
associations are in order to gain a broader | undertanding of  the soail

\
environments in which they can thrive. RTINS

1».47Dete'ction of plant growth-promoting rhizobacfefia o
1.4.1 Past and present ways to monitor PGPR

Tracking PGPR in the rhizosphere in the past involved a variety of
laborious :methods such as the use of spontaneous or induced antibiotic

resistance . markers, antibodies  labelled with.  fluorescent - markers,

- immunodiffusion assays, and fatty acid profiling (Podile and Kishore, 2006).

Résearchers‘ relied almost entirely on direbt plating on selective growth media to

detect and monitor microbial populations. This posed a problem because many



1

; intact viable cells enter into a non-culturable state after a period of time in their
envtroﬁ‘ment. Advances in molecular assays s’uch as poltlmerase chain reaction
(PCR) have become important'tools for more rapid and acoUrate detection of
bacterialg species through the use of gene targets. VPC;R methods can detect

culturable and non-culturable bacteria with high accuracy (Heid et al., 1996).

1.4.2 Real-time quantitative PCR
/ Real-time quantitative PCR is a fast and sensitive method of detecting low
concentrations of target DNA in a retiab_le manner. This method measures I;"‘CR
product accumulatlon as it occurs, using a dual-labelled fluorogenlc probe such
as a TaqMan probe (Flgure 1. 1) No post-PCR sample handllng is reqwred
which prevents potential PCR product carry-over contamination. The result is a
precise and reproducible quantification of gene copies (Heid et al., 1996).
The ability to quantify bacteria is also made simple with the use of

[4

chaperonin genes (Hemmingsen et al., 1988). Type 1 onaperonins (cpn60) are
present in virtually all bacteria, some archaea, and theplastid\s'and mitochondria
of eukaryotes (Hill et al., 2004). Sequences of cpn60 genes, which encode 60 |
kDa chaperonln proteln subunlts are more useful in quantlf jcation than 16S
rDNA because they are present ina smgle copy within a given microbial genome
whereas 168 rDNA genes are present in multiple copies per genome (H|II et el.,
2004). " A 549—567-op segment of the‘cpn6d coding region can be ampliﬁect wrth
universal PCR primers and species-specific primers can be designed from this

region (Hill et al., 2004),
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Polymerization R = Reporter
g Q = Quencher
Forward
Primer
5 ' i _
1 S
5*
Cleavage
%
-»
51
5" 5
5*

Figure 1.1 Schematic diagram of TagMan real-time quantitative PCR.

A probe with a 5' end fluorescent reporter dye and a 3' end quencher dye is used in combination
with a forward and reverse primer. The quencher dye decreases the fluorescence emitted by the
reporter dye when the probe is intact. If the target sequence is present, the probe anneals
downstream from the primer site and is cleaved by Taq polymerase as this primer is extended.
This causes the reporter dye to separate the from the quencher dye, increasing the reporter dye
signal.

Reference: [Online] Modified from http://www.asuragen.com/images/TaqgMan%20GX%20cartoon.jpg


http://www.asuragen.com/images/TaqMan%20GX%20cartoon.jpg
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Usrng thls technlque the approximate size of bacterlal populatlons can be
) 'determlned By quantrfyrng bacterlal abundance wrthln the sampllng fields, |t can
| be determlned if the prewous studles by Mehnaz et al. (2006a 2007a 2007b)

: were |solated occurrences or if these potentlal growth- promot|ng bacterla

L 'regularly use corn rhlzospher_e soil and roots as their habltat. o

143 Colony PCR

The technlque of screenlng “bacterial colonles via’ colony PCR is
_ commonly done in molecular clonlng ‘when a qurck method is requrred for

- |dentlfy|ng plasmrd mserts dlrectly from E. coli colonles Thrs concept can also‘

: :_‘be adapted to bactenal colonres from fi eld samples when Iooklng for a specrf c

- gene of mterest ln thls study, it can be qurckly determmed lf new potentlal_.-_:

PGPR are found by screenlng colonles grown from a seml-selectlve nltrogen-free

medrum Thrs method lS not Irke qPCR and erI not allow aII bactena of lnterest

e

Vto be detected due to non- cuIturable spemes but lt provrd\es V|able ceIIs of _

- potentlal PGPR for subsequentgreenhouse assessments O o
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1.5 Hypotheses =

~

1. Sphingobac}teriumv c_anadense, AzoSpiriIIum zeae, and : ,Gluconacetobacter _

B j' ~ azotocaptans are'naturally associated with corn plantsin,Ontario_a’nd Q_l_‘Jé"b_ec. ,

= 2. New potentlal plant growth promotmg rhlzobacterra can be |solated from corn

rh|zosphere sorl and corn roots.

3. Corn plant c':olonization by new potential plant growth-oromoting rhizobacteria
- as well as S canadense A zeae and G. azotocaptans WI|| lncrease the rate of‘

' plant growth

o 16 ijective#

”1 To establlsh standard curves for S canadense A zeae and G azotocaptans
‘for real-tlme qPCR and quantlfy the presence of these bactena in rh|zosphere ’

soil and surface-sterilized roots from selected cormn ﬁelds. _

‘_2, To facmtate the growth of bactena from corn rh|zosphere sorl and surface-.?

sterlllzed roots usmg nrtrogen-free growth medra foIlowed by colony PCR for

amplifi cat_lon of sp_ecrf c cpn6_0.gene fragments and nifH gene fragment.i f' .

' : 3 To evaluate the abllrty of new bacterral lsolates from objectlve 2 as weII as S

canadense A zeae and G azotocaptans to eXhlblt pIant growth promotmg :

o _effects on corn usrng a seed coatmg moculatlon method in greenhouse tnals
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| ‘Ch‘apte.r 2

: Dlstrlbutlon and quantlf cation of rhlzosphere-assocrated bacterla

7 2.1 Introductlon |
| Freld corn is grown in every province in'Canada with approximately 96% '_
of th|s crop grown in Ontano and Quebec (AAFC 2006) Corn is economlcally
: |mportant and f ndlng bactena that can assomate with it and provrde benef ts to i
the crop ls of great mterest. Potentral plant growth-promotrng rhrzobactena have.

| ‘been isolated from two f"elds in London Ontarioand Delhi 'Ontario but current

,studres do not mdrcate if they are more wrdespread and assoclated W|th corn mf o

' | nearby farmrng communltles I hypotheS|ze that Sphmgobactenum canadense :
k : Azospmllum Zzeae and G/uconacetobacter azotocaptans are found naturally' |

| assomated wrth corn plants They can be detected and quant|f|ed from Ontarlo |

and Quebec corn rhlzosphere sorl and surface sterrllzed corn roots wrth|n the

~

fi eld studles selected

22 Methodology"’ T e Sy Shl

o '_2 21 Sml f'eld sampling

: ; In June and July of 2008 fi eld grown corn’ roots were collected from 25 farmers o

"ﬁelds in Ontano and Quebec (Table 2. 1) For each plant, the root system was

. coIIected wrth the adhenng rhlzosphere soﬁ Frve rplants were sampled from,

g each comn ﬁeld sute wrthrn a 5 metre rad|us of a centre pomt for whrchv,

geographlcal co-ordlnates were obtalned The coIIectron occurred at an early ) .

‘, growth stage when pIants had approxmately 4 8 leaves The samples from o

o Ontano were collected by fellow Iab members and me whereas colleagues at E



Table 2.1 _Characteristics of the field sites from which corn rhizosphere soil was sampled.

. TownCity

Sample Code Co-ordinates

- Sampling Date Previous Crop Soil Type -

Glencoe
- Glencoe -
- Glencoe

‘Glencoe -

Glencoe .

) Rodn‘ey i

| ’Rodney, -

" Rodney

7~ | Mt Brydges‘ .

. | Mt. Brydges

Mt Bry.dge_sf'

= Mt.' Brydges

T
F2
3
F4
,’G‘Iebn:co‘e_:’ F5 |
R
Ri
R2
(e
g

N 42°43.384"
W 81°45.667"

N42° 43615
W 81°45.378'
. N42°43.478"

’ \Jun_e 16/08

~ June 16/08

W 81°45.778" -

N 42°43.654’

W 81°46.007

N 42°43.773
W 81°46.158'

N 42°44.027"

- W 81°46.171’

N 42°37.227 -

W 81°47.146’
N 42°39.395"

W 81°44.267"

N 42°37.285

W 81°40.678'

N 42°51.218'

W 81°29.999"
N 42°51.350"
W 081°30.071’

N 42°50.753"

W 81°20.976'
N 42°50.618’

June 16/08

June 16/08

June 24/08

June 24/08

 June 24108

‘June 2508
" June 25/08
June 25/08

June 25/08

June 16/08

June 16/08

‘Soybean
| :Soybe.an‘ |
,Sokybe'a.»n
| "_Corvn'

- Soybean

Hay

_Soybean
Soybean
‘Soybean

: Soybeah’ . -

»Wheaf |

Corn.

- Sandy Loam
Sandy Loam
Sand

- Sandy Loam

Sand-

* Sandy 'Loarm‘
| -Sandy Lo’arr.lj.’
I_‘»cl)am . |
‘Sand:
-‘Loamvi
 Soybean sand

Sandy Loam

- ~ Sandy :Loamv

_W 81°31.120'

2z



Town/City

Sample Code Co-ordinates:

Sampling Date Previous Crop Soil Type

~~ Woodstock

, Woo'_dstock; |

o ';:Wo_b.dstock 3

[JLondon _}“'

f‘LOhddn. j'

o j,_Ste. Monique

‘Ste. Isidore
Vf St Bernafd |

- Lévis

*'St. Romain

w2
w3

.'-A17 g

Q3

wt ..

ates

Q4

TN 43°09.227'

‘W 80°50.663"
N 43°10.033'
W 80°50.035"

N 43°06.836’

- W 80°50.657

- N 43°14.760’

W 81°12.390"
N 43° 14.972"

W 81°12.399’
NA

~ NA

NA

N/A

CONA

June 27/08 B

.June'"~27/08‘

* June 27/08

July 11/08

July 11/08

~June 17/08

June 27/08

June 27/08
July 2/08
- July2/08 -

/July 4/08

| Wheat. ,
l‘thekajt |
vSp‘y'bveaﬁ":v‘ B
_ZN/A |
: ’C.ereal

'Sroybean
NA
]iSoybeanj |
 Wheat

Cereal

Corn

~ Sandy Clay

Loam . -

Loam

‘Sandy Loam

| Séndy‘ Loam

Clay |

- Sandy Loam

Loa'rﬁy Sand

| Sandy Loam
Sandy Loam

‘Sandy Loam |

~ Barnston

Q8

_ Na

" June 26/08

Sandy Loam'

€2
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| Agriculture and Agri—Food Canada in —Saint-Foy; Qu’ébec coIIected samples from '»

" farms in the surroundlng reglon Quebec samples were transported to my

location on ice.

2.2, 2 SO|l analyS|s
| Agrlcultural souls wrth dlfferent characteristrcs from various geographlc |

_Iocatlons were used |n this study A 250- 350 g sample of soil from each

o harvest‘ing srte was analyzed at A&L Canada Laboratorl_es lnc. for solltextural |

class,: pH po_ta_ssium, p‘hos_phorus, nitrate nitrogen; and organic matter. .

~ 2.2.3 Soil DNA extractions
g For .each sampling s1te the 'ﬁvev root‘systems obtaine_d were drie_d and»the
| _rhiiOSphere vsoiI was removed withi a sterile brush and coIIected in sterile coni}c}all

tubes The Son DNA Isolation Klt from Norgen Blotek Corporat|on (Thorold '

o “Ontarlo) was. used for DNA extractlons foIIowmg the manufacturers |nstruct|ons

: _Two hundred mllligrams of soﬂ was used for each DNA extraction FoIIowmg thls '

o procedure each DNA elution ‘was measured using the NanoDrop 1000

| - ‘spectrophotometer (Thermo Screntif ic, W|Im|ngton Delaware) to determine the‘

concentration_ (ng/uL) and puntyvof DNA.

2 2 4 Root tlssue fi eld samplmg

B ln the summer of 2009, another smaller harvest conS|st|ng of nine sites, was

) , completed in »close proxlmlty to som,e of thejﬁelds from the »prevrous summer

(Table_'2.v:2).‘ The plant_s ,w}ere}use‘d'to ob_tain'fresh rdots for-'sUrface’_sterilization. | o

" _The same locations used in.the previous summer could not be used due to crop



“Table 2.2 Characteristics of the field sites from which corn roots were sampled.

~ Town/City _Sample ~ Co-ordinates . Sampling Date _ Soil Type
‘Mt. Brydges- LC - N 42°51'44.8" August 19, 2009 Sand
RS " o w81°29201" - . -
Mt. Brydges = LM - N 42°50' 58.6" August 19,2009 Sandy Loam
SR W81°30'20,9" : : N : l T
‘Mt. Brydges LS N 42°50'54.2"  August 19, 2009 Sandy Loam
B TR ISR I W 81°30'35.9" S
~Glencoe ~  G1 - N 42°42'36.6"  August 19, 2009 - Sand
U T - ws1e4017.8" - -
Glencoe G2 - - N 42°42'32.5" August 19, 2009 Sandy Loam
CTEL TR DT e ‘W 81°40"2.6" = | o
~ London - AC - N43°1'51.5"  August 10,2009 Sandy Loam
L wasg1°12'262" - ‘ ,
Rodney “R1 N 42°38'36.7"  August 19,2009 Loam .
o S R W 81°43'655" -~ . -
“Rodney R2 N 42°37'26.7"  August 19,2009 Sandy Loam
S S W 81°44'7 1" - e o
Rodney ~  R3 : N 42°37'62.8" ~ August 19, 2009 Sand
R ' W 81°4326.7" e

sz
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rotations. This additional sampling was collected to determine if the bacteria
o were,'endophytic.’ »

.' 2.25 Root tisstue surface-sterilfzation procedure s
~ The roots were washed in distilled water until most of the soil was
_ ‘removed. .Five'grams,Of root ttssue for each replicate, 1 g from each plant, was

~ used .:for the isolation ’proced‘ure., The roots were surface-sterilized using’ a

B modified Tv‘ersion of a method 'by"Coombes and Franco (2003) consisting of '1: |

| ) 'mlnute |n 70% ethanol 5 mmutes in 1 5% NaOCI foIIowed by 1 mlnute in 70%:
B ethanol and three 1 mlnute washes |n sterlle water. The th|rd wash solutlon was |
_’ plated on LB agar (Appendrx) to conf“ m the effrcacy of the stenllzatlon process |
. | The roots were cut mto smaII pleces usmg a sterile scalpel and further pulvenzed -
'|n hqwd nltrogen usmg a mortar and pestle Pulvenzed root tlssue was kept at -

' 80°C until ready for DNA extractlons

- 226Rootttssue DNAextractlons ;' o e \ e
Elghty m|II|gram sub-samples of the pulvenzed root t|ssues were further‘ )
processed usmg the DNeasy® PIant M|n| Klt from QIAGEN for DNA extractlons

accordlng to manufacturer s lnstructlons.

o2, 2 7 qPCR condltlons and optlmlzatlon

Spemes-specn" c prlmers were deS|gned by Mehnaz (not publlshed) to

o ampllfy a 220 bp reg|on of the cpn60 chaperonln gene for S canadense G' :

azoto‘captans and A. ’,ze_ae _(Table 2.3). A}Taqman} ﬂuorescent prober was also

. .de‘signed for each primer pair. The 'probesvwere Iabelledjwitvh a reporter dye, ',



o Table 2 3 Sequences of cpn 60 prlmers and probes for real-tlme quantltatlve PCR

o Bactenum

Sequence

o

_____Primer/Probe Name -
. Sphlngobactenum canadense CR11 . NEW CR11-Forward F: CGCATCAATCTCTGCGAATA . 584
= : ~ .- NEW CR11- Reverse R: CAATTCCGCTTCCATCTTGT - 584
CR11 | P: AATCGGTTCATTGATCGCGCAAGC . 646 L
 Azospirillum zeae N7 : NEWN6&N7Forward F: AGAAGGTGACCACCAACGAG 825
S s - NEWNG6&N7Reverse R: CGAAGTAGGGCGAGGTGTAG - 645
‘N7 - P CCGCGAGATCGGCGACATGCTGGCCC 756
 Gluconacetobacter azotocaptans DS1 - DS1N-F w F: CGAGGAGCTGAAGAAGAACAC 626
. . . NEWDS1-Reverse R:CGTGATGAAGTACGGGGAGA 625
e - R DS1 - - P: CGCAGGTCGGCACGATCTCGGCCAA 72.8
- F, forward; R, reverse; P, probe S ' o S ‘ .
- Tm (°C), melting temperature _—

A
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: FAM (6-carboxy-fluoresce|n) -at the 5" end. and a quencher dye TAMRA '

; (6-carboxy-tetramethylrhodamlne) at the 3’ end (Table 2.3). Quantltatlve PCR

was performed in 20 pL react|on volumes for each sample wrthln a 36-well rotary
plate of the Corbett Rotor-Gene™ 3000 (Corbett L|fe Science, Concorde NSW,
‘Australia). .Ea_ch »20 ML reaction mixture contalned 10 L EXPRESS‘ qF_.’CR:-.

: Supermix.‘ “This product_ contained Platinum® Taqg DNA polymerase(lnvitrogen,

~ Carlsbad, California), MgCly, heat-labile uracil DNA glycosylase (UDG), dNTPs,

- and stabillz’ers In add|t|on 0.5 pM fonNard primer, 0.5 uM reverse prlmer 0 15 :

pM probe approxrmately 20 ng of template DNA and 6 uL fi Iter-stenhzed |

| delonlzed water were mcorporated into each reactlon
The reactlon effi crency was evaluated using a gradlent of anneallng

temperatures 'DNA template concentratlons ‘as well as.the length of anneallng :

o tlme Optlmal cycle conditions for S canadense probe/pnmers and A zeae‘

o probe/pnmers conS|sted of 50°C for 2 mlnutes 95°C for 2 mmutes foIIowed by

40 cycles of 95°C for 10 seconds,' and 56°C for 30 se_conds_\r G. .azotocaptans |

e ) probe/primers performed'best Wit‘h the protocolvof 50°C 'for-2'minutes 95°C for 2"

| mlnutes followed by 40 cycles of 95°C for 15 seconds and 55°C for 50 seconds 3

To conf" m. DNA contammat|on was not present ‘each group of reactlons |

o processed mcluded a no-template control (NTC) replacmg the DNA template

wrth stenllzed m||I|-Q water Posrtlve controls in: each setup mcIuded bacterlalv.

- ~ gDNA, extracted gDNA from soil splked wnth a known concentratlon of bactenaj

‘_and bacterlal cell suspensmns from eltherS canadense A. zeae, or G. o

- azotocaptans. :



29

| 2.2, 8 Standard curves for absolute quantifi catlon o

N ' '
To quantlfy results standard curves were developed for S canadense A

- zeae, and G. azotocaptans. For each species, a loop of colony material was

| transferred into 30 mL of Rich broth (Appendix) and incubated in a 30°C chamber

B overnight,' shaking at 150 rpm. From this suspension, a .10-fold serial dilution -

e series ‘(10"1 - 10‘6) was prepared and'bacteria Were enumerated by spreading -

100 pL of each drlutron on comblned carbon medlum (CCM Appendlx) plates |n,

. trrpllcate followed by mcubatron at 30°C for 1 -3 days One mrcrolltre of each |

\ drlutron was used as template DNA ina real-tlme qPCR reactron The cond|t|ons |
_ for each standard curve PCR reactlon were |dent|cal as specrfred |n sectron 2. 2 6.
| Three blolog|cal and two technlcal rephcates were used to produce each ’

| standard curve. The relatronshlp between bacterral ceII number and threshold

'« o cycle (Ct) value was determmed usrng the Corbett Rotor—GeneTM 3000 software_

'(versron 6). The standard curve was produced by pIottlng the Ct value obtamed | '
in the qPCR agamst the number of CFU (Iog CFU) in the standards From thlsv. |
Irnear relatronshrp, the amplrt" catlon eﬁ" crency was calculated as follows
\» | "amplrfrcatron effi crency = 10 C ”s'°'°e) . o E

2.2. 9 Detectlon of cpn60 fragments in ‘soil and surface-sterlllzed root
samples usmg real-t|me qPCR - . .

. .i

Target DNA from sorl and surface—stenlrzed root extractrons was ampln‘" ed

o 'rn trrpllcate usrng the protocol and condrtrons in sectron 2 2. 7 Most DNA extracts»

o were d|luted to achleve the optlmal concentratlon (20 ng/pL) and to reduce the,

| | presence of organrc compounds that can |nh|b|t qPCR In Veach _qPCR run, a
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A

' -standard With known DNA concentration was used as a comparison to calculate

- the DNA concentratrons of all samples based on the standard curve generated'

from the results obtalned in sectron 2. 2 8

-23Results - : | : | e
.23 1 Chemrcal and physrcal analyses of corn rhlzosphere s0|l f eld
samples : Lo : o

'§Sorls sampled from the root zone (rhizosphere) of corn plants co_Ilected, '

from ' ‘different 't"elds' were highly vvariable in 'their " chemi‘cal and physiCal |

'composmon as |nd|cated from the data prowded by A&L Laboratories Canada o
_ (Table 2.4). The pH values ranged from 5. 5 7 8 wrth the most acrd|c soil belng '
, from Ste Isrdore Quebec and the most alkallne from an Agrlculture Canada f eld

o s|te~|n‘London Ontarlo The majonty of sons were classﬁ" ed as sandy Ioam

followed by loam sand, and Ioamy sand SO|Is from two frelds were classrf ed as E

s clay and sandy clay

Results of soil chemlcal composmons were compared to a general soﬂ test

rlnterpretat|on gwde to determlne the range of values (Marx et aI 1999) The'
7' ava|lable mtrate mtrogen ranged from very Iow 2 parts per m|Il|on (ppm) |n*i

;7 London Ontarro at Agrlculture Canada to very hrgh 150 ppm, in Glencoe ke

Ontarlo AII fi eld samples contamed hlgh to very h|gh amounts of phosphorus;

, rangrng from 40 537 ppm The amount of potassrum ranged from low to
.»i»excessrve 72 - 380 ppm The amount of organlc matter present |n the‘ B

: rhlzosphere sorl samples was near the normal range of 1 4% for cultlvated t' elds S

s "_(Magdoff and }Wellb;.200_4)‘. The ﬁeld sa‘mples ranged from 1.6 - 8;3%_ orgamc "

. _matter.



‘Table 2.4 Analysis of corn rhizosphere soil from 25 field sites in Ontario and Quebec.

'Sample Nitrate (ppm) Phosphorus (ppm) Potassium (ppm) Orgamc matter (%) pH

- Soll te)dure u

F1
- F3

F4
F5
. F6
3 :-R1»',-
"R2

R3
W1

W2
W3

o

L2

L3

L4

A1

- ,Q1

Q4

Q5

R

Q8

4

150
80 .
131
25
o
6

5

16

25

4
26

88

18
30

46

14
6
3o
7
118
109

" 50
. 54
85
189
40
42
98

70

o 122 -
65

147

104
837
92
96
&l

74

136 -
50
81
87
73

84
101

93
159
144
113
159
214
161
147
123

90

121
134

91

133
-
149
380
.89
137
130

160

oy
133

49
3
. 36
- 83
31
37
3.6
3.3
38
41
35
45 -
4
41
3
3.1
29
16
54
6
556 -
7.1

7.2

74
74
65
75

7.2
7.7

72
73
74
6.9
7.7

7.2

59
68

7.8

77

7.6

55
74
58
. 66
174
64

- sandy loam
" sandy loam
. sand
- sandy loam "
~sand
‘sandy loam -~
- sandy loam .

loam

~ sand .
‘ sandyclay o
- loam

- loam

loam

~ sand -
- sandy loam
“sandy loam
~ sandy loam ,
sandy loam = =

clay

- sandy loam -
loamy sand
_.-sandy loam
.- sandy loam
" sandy loam =
sandy loam

) - 'Analy51s provnded by A&L Canada Laboratories (2008)

e
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N 2 3 2 Specrf crty of prlmers
Prlmers and probes were tested usmg commonly occurnng soil bactenal
o SpeC|es to ensure that amplrflcatlon of non-specrflc DNA“ wouId,‘ not occur._
 Bacterial speCies tested included: Pseudomon'as ﬂUorescehs, | Pseudomonas .
chlororaphis,v Bacillus cércéus, Bacillus amyloliquefaciens, Bacil]us subtilis,
Strep_tomyces scabies and Burkholderia phytoﬁnnans. None'_ofthese species
"resulted ‘i.n any amplificati‘onv using: S. canadense, VA. ’zeae, or G. azotocaptans |

- specific primers.

. -2 3. 3 EfF clency of s0|| and root tlssue extractlon process |
Sprked sorls and root tlssue were mcluded as posrtlve controls for eachi‘-
qPCR run to ensure the detectlon of bactena was pOSS|bIe after the DNA
"extractron process After moculatlng sorI and root tissue wrth approxrmately 102
103 CFU of S. canadense, A. zeae, or _G. azotocaptans, detecﬂonof _.102 103’f .
B CFkU 'Was consistently achr'ev:ed.% B : |
. | '7 2 3. 4 Standard curves - |
.‘ Overnrght cultures of the S canadense A Zeae, and ‘G azotocaptans :
were used to create standard curves w1th ceII numbers ranglng from 101 to 107‘ ‘k
= CFU/mL (Flgure 2.1, 2 2 2. 3) Lrnear relatlonshrps (R2 O 99) were observed for . |
aII standard curves between the log CFU and the threshold cycle (CT) values of
7 ‘each reactlon.' The amplification effic crency (E) of each run was calculated;usmg

 the slope of the standard curve. The slopes of the standard curves ranged from
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(¥ad

31 1 7 o
E - y=-3.1459x + 38.1
3 2] CRes0m
o 25 -
o
G 23 -
o
|£ 29 -
19 vl ‘ . : S . . ‘| : ‘
25 '35 45 55
| | f LogCFU_.' L

e Figure 21 ‘Quantitative PCR standard curve for Sphingobacte"ﬁdm canadense

- A standard curve showmg the Ilnear relatlonshlp between threshold cycle (C,)
~ values and cell concentrations for serially 10-fold diluted Sphin 2qobactenum
~ canadense CR11 pure culture. Linear regressmn coeft" cnent was R“=0.99 and
~ amplification efficiency was. E 99%. Data ponnts are the mean of three :
repllcates \ - N .
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\

" Figure 2.2 Quantitative PCR standard 'curve for Aiospiﬁllum zeae.

‘A standard curve showing the linear relationship between threshold cycle (C;)
values and cell concentrations for serially- 10-fold dlluted Azospirillum zeae N7
pure culture. Linear regression coefficient was R? = 0.99 and. -amplifi catlon‘ |
: jeﬁ" C|ency was E 97% Data pomts are the mean of three repllcates '
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30 A ‘y,—-34165x+44466
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Flgure 2. 3 Quantltatlve PCR standard curve for Gluconacetobacter =

- azotocaptans

A standard curve showmg the linear relationship between fhreShold cycl‘e' (C) |

- values and cell concentrations for serially 10-fold diluted Gluconacetobacter-

~ azotocaptans DS1 pure culture. Linear regression coefficient was R*= 0.99 and

- amplifi catlon effi C|ency ‘was E = 96% Data pomts are, the mean of three
g repllcates ' \ ’
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- 3.1 to 34 and the ampllf cat|on eff iciencies were 96%, 97% and 99% =

(E 10—1lslope_1)

- 2.3.5 Detection of S. canadense, A. zeae, and G azotocaptans cpn60
fragments in soil and surface-sterlhzed root tlssue using real-t|me qPCR s

: For.enumeratlon of mlcroorganrsms | used quantltatlve real-t|me PCR

o Detectlon of S canadense within corn rhlzosphere soil was found in three’-'

| 'Ontano ﬁelds and one Québec field (Flgure 24) The hlghest.abundancei' |
o detected was. calculated from the standard curve to harbour 12x1 0°+2.1x10*
C CFU/g dry sorl in W1, followed by 12x10412 9x103 CFU/g dry soil in R1,
| “7- 0x103:l:1 2x1o3 CFU/g dry soil in R2 and 7. Ox103+1 7x10° CFU/g dry soilin Q2.
“ G. azotocaptans was |dent|t" ed in all of the f eld srtes except A1 and Q1

Detection ranged from 2. 1x104i1 6x10° CFU/g dry soil to4. 7x105+8 5x10* CFU/g |

- dry,sorl (Flgure 2.5). No amplrf ication of A Zeae was detected in any of the‘

: rhlzosphere sonl extracts

N

“In surface sterlllzed root tlssue DNA extractrons A zeae was found in R3 o

. and AC samples in quantltres estlmated to be 4.6x1 05+8 0x104 CFU/g fresh root .

) and 1 3x105i7 0x1 o* CFUIg fresh root respectlvely (Frgure 2 6) In. AC LC and R

| R3 samples only Iow amounts of G azotocaptans were detected rangmg from

: 1 2x10%45. 2x101 CFU/g fresh root to 2. 3x102+5 Eix101 CFU/g fresh root (Flgure .

o 2.7) None of the surface-stenllzed root tlssues sampled contalned detectable' -

S. canadense.



37

Figure 2.4 Mean (z standard deviation) abundance of Sphingobacterium
canadense in corn rhizosphere soil. \

Real-time gquantitative PCR detection of a 220 bp S. canadense chaperoninQO
(cpn60) gene fragment in four corn fields in Ontario and Québec. Twenty-one
additional fields were tested which resulted in no detection. Sampling occurred
in 2008.
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Field

Figure 2.5 Mean (+ standard deviation) abundance of Gluconacetobacter
azotocaptans in corn rhizosphere soil.

Real-time quantitative PCR detection of a 220 bp G. azotocaptans chaperoninQO
(cpn60) gene fragment in 23 corn fields in Ontario and Québec. Two additional
fields, A1 and Q1, were tested and did not result in any amplification. Sampling
occurred in 2008.
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Field

Figure 2.6 Mean (+ standard deviation) abundance of Azospirillum zeae in corn
root tissue.

Real-time quantitative PCR detection of a 220 bp A. zeae chaperoninQQ (cpn60)
gene fragment in two corn fields in Ontario. Seven additional fields were tested

which resulted in no detection. Sampling occurred in 2009.
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Field

Figure 2.7 Mean (x standard deviation) abundance of Gluconacetobacter
azotocaptans in corn root tissue. \

Real-time quantitative PCR detection of a 220 bp G. azotocaptans chaperonin60
(cpn60) gene fragment in three corn fields in Ontario. Six additional fields were
tested which resulted in no detection. Sampling occurred in 2009.
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24 Dlscussron

' 2.4.1 Real-time qPCR

In: this-study.l described the developrnent’.of a ,culture'-independent,'

: species;specit' c quantiﬁcation approach »for’ S ca.nadense- A. zeae, ’Tand G.
g azotocaptans based on real—tume qPCR This new approach was used to
 effi crently momtor mdtvndual specres in the rhlzosphere sorl and root tlssue of

| vcom grown in vanous agncuttural sorls

aners from 60 kDa chaperonln protem subunrts (cpn60) of S

| 'canade_nse, A. zeae, a_nd__G. azotocaptans were used in this study. .Generally,“ -
cpn60 genes are single' copy in prokaryoticgenomes making 'it?an ideal gene to
»- track the abundance of bactena (Hl” et al., 2004 Dumonceaux et al 2006 von

| Felten et al., 2010) Standard curve analysrs was accurately performed with pure

culture bactenal suspensmns and correlated to bactenal colony counts

In order to quantlfy bactena present in sorl and roots the DNA extractlonf'

B method had to be thorough to ensure that the maxrmum amount of DNA was |

A\

~ collected and detected whlle removmg sorl. rmpurrtles such as humic acids that
~could 'inter'fere with PCR amplification.i ‘The extraction 'proCes's was verified in the
- study by spiking soil and root tissue With knoWn conCentration's of bacterial 'cells

| | and usmg real-trme qPCR to detect the DNA of these ceIIs At the apprommate

concentratlon added to soil, 102- - 10° CFU S canadense A zeae, and G_’

; azotocaptans were detectable Th|s Ievel of detectlon is consustent wrth otherv»‘

o e s_tudles that used splked sonls.for; real-trmeqP,CR |dent|ﬁcat|on'(TrabeIs1 get al.,

o009



| 242 Detection . of ' S. canadense A. zeae, and G. azotocaptans ino

rh|zosphere soil using real-tlme qPCR
The drstnbutlon of the bacterla exammed in th|s study has not been
prevrously momtored |n Canada as the bactena were |dent|f ed from onIy a few

corn plants collected in. London and Delhr Ontano (Mehnaz 2006 2007a

e 2007b) The extent of therr assocratlon W|th the corn rhlzosphere son and root

o tlssues was also unknown | hypotheS|zed that S canadense G. azotocaptans. -

and A Zeae were detectable by real—tlme qPCR methods in Ontarlo and Quebec

agncultural f elds Th|s was conf rmed from our results, which revealed varymg

’- vrquantltles present in the fi eld souls and roots sampled rangmg from zero to .

o

R almost 106 CFU/g of fresh root

Both S canadense and G azotocaptans were detected in rhrzosphere soﬂ o

but A zeae was not detected in any s0|l samples ThIS rndlcates that two of the

,three bacterlal specres are more abundant than prevrously known in the"

: rhlzosphere son of corn from the srtes stud|ed at the t|me of samplmg

\ ,
S canadense was found in h|gh abundance from a rhlzosphere sorl |n ‘

' vv ;Woodstock (W1 ) wrth approxrmately 105 CFU/g of dry soﬂ It was also detected -

' at three other Iocatlons but at lower concentratrons of approxrmately 104 CFU/g =

of dry son As of yet there have not been any other studres descnblng elther the ,

. |dent|ﬂcat|on or. the quantlf catlon of Sphmgobactenum |n Canadlan sons

i Sphmgobactenum stra|n 1ZP4 has been found in rh|zosphere sons in Portugal,.v

o (Marques 2010) and |n a vanety of envrronments from samples coIIected |n7; -

'Japan and Chma (Duan et aI 2010 He et al., 2010 Ten et al 2007,: .
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v‘ Matsuyama et aI 12008; Wei et al., 2008) These previous studies identified but
did not quantrfy each specres | |

- G. azotocaptans was found.in 23 of the 25 rhrzosphere sorls Thls was,
unexpected as G azotocaptans is a very slow growrng bacterrum that |s
expected to be a poor colonlzer of sor| due to competrtron with fast-growrng‘t
specres (Podrle and Krshore 2006) Gluconacetobacter specres are: most‘

| "commonly known for their affrnrty towards endophytrcenvrronments (Cavalcante

and Débereiner, 1988 Loganathan et aI 1999) However G azotocaptans was

e frrst isolated from rhrzosphere son of coffee pIants (Fuentes-Ramrrez et al., "

o 2001) ] The fact that G. azotocaptans was present atrrelatlvely hlgh Ievels‘

H approxrmately 104 CFU/g dry soH |nd|cates that. there mlght be W|th corn, an

R vrnterestlng assocratron that could be further explored

A zeae was not detected |n any rh|zosphere sorls even though a number.,

- 'of studles have shown that specres in thrs genus are cIoser associated wrth'

*.,grasses (Dobererner and Day; 1975' Jacoud et al '1999" l.\lmalr-GarC|a et al.,
| _ 1980) It may be that A. zeae is not as abundant as other Azospmllum specres in
’v»temperate reglons In the temperate zones of Brazrl and in: the US the}v
| ) occurrence of Azospmllum spp in sorl was srgnlf cantly Iower than |n the troprcs |
- ,’ ‘V(Doberelner et al 1976) | |
- thzosphere soil samples that had detectable IeveIs of S canadense and |
”G azotocaptans were compared wrth therr chemrcal and physrcal components to"

' ,determrne any apparent trends ‘No trends were evrdent S. canadense and G
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azotocaptans appear to be able to survive in soil environments with a range of

- pH, nitrate nitrogen, and ‘organic matter values.

24, 3 Detectlon of S canadense A Zeae, and G azotocaptans in surface-
- sterilized root tissue usmg real-time qPCR SR :

- From the nlgne,frelds where I coIlectedvcornand teSted -surface-sterilized

E ' roots for the three bacteria, only G. azotocaptans and A. zeae were found in high

numbers at two locations in ROdney andLondon Ontario.. G azotocaptans was
also detected in corn roots in one other S|te outS|de of London

- The rsolatron of mlcroorganlsms from wrthrn the root tlssue of healthy corn

» suggests that the host plant derives some benefit, potentlally from secondary
| metabohtes \from harbourmg endophytes Also, the'bactena -most Ilkely are

: vbeneftmg from the ‘root . enwronment due to the closer prOX|m|ty to carbon'.

substrates supplled by the plant (Doberemer et al., 1995) They can establlsh,‘

) themselves W|_th|n niches protected from oxygen, wh|ch is necessary. for, the

i expression and. activity of nitrogenase' so their potential'to ﬁx nitrogen c'an”be |

\

For G. azotocaptans the. levels of bactena detected in root t|ssue were‘

| lower than in the rhlzosphere (approximately 102 CFU/g of fresh root) This
.' fi ndrng s consrstent W|th other Gluconacetobacter spemes such as G E

| drazotrophrcus which was prewously lsolated from surface-stenllzed.plant tlssue o

'(Doberelner et al 1972) However the abundance was lower compared to

_studles in the trop|cs wrth sugarcane plants that had levels as hlgh as 107 CFUlg '

k ; fresh root welght of G. drazotrophrcus (Muthukumarasamy_et aI., 2002).,
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~ For the two sample sites with A. zeae, d_etection of over 10° CFU/g of

fresh root indicates an established population that ,co,uld be contributing to plant

| growth promOtion The presence of A. zeae in'corn root tis»sue suggests ’that this

specres has endophytrc abrlrtres but A zeae is not exclusrve to root tlssue'
because its ongrnal |sotat|on Iocatron was from corn rhrzosphere sou (Mehnaz et;
aI 2007a)

S canadense was not detected in the sterrlrzed root trssue whrch couId

,rndrcate that |t is not an endophytrc bacterium or at least that |t was not present in

root trssue wrthrn the fi elds sampled ThIS is consrstent ‘with S canadenses'v-

| orrgrnalvdetectron !ocatron, which ‘was corn rhrzosphere sorI (Mehnaz et al.,

When compared to eX|st|ng Ilterature thrs is one of the ﬁrst studres to use

: real-tlme qPCR to track and enumerate bactenal populatrons in rhrzosphere sorl, S

“and root trssue populatron of corn Currently, there has been only one other

study performed by von Felten et al (2010) usmg a srmllar approach but usmg

: dlfferent pnmer technology comblned W|th real-trme qPCR to quantlfyv

Pseudomonas ﬂuorescens strarns in corn..
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Chap_ter3 | }t

< -Detectlon and evaluatron of bacterial isolates W|th potent|al growth- -

. promoting properties

- 3.1 Introduction ‘
The stralns of S. canadense G. azotocaptans and A zeae identified by »

Mehnaz et al (2006a 2007a 2007b) have beneficial charactenstlcs related to

‘ plant growth promotlon ldentrfylng new stralns of these speC|es may uncover

B more advantageous tralts useful |n enhancrng cormn productron Also detectlng :

bactena wrth the n/fH gene would |nd|cate the presence of the enzyme '

o »nrtrogenase reductase used rn blolog|cal nrtrogen t"xatron Bacterla able to

. : K5 .
» provrde useable nrtrogen for corn plants to explort could reduce the need for

B o synthetlc nrtrogen fertrhzers

Usrng selectrve nltrogen-free growth medra elrmlnates a Iarge portlon of

: bactena that do not contarn the trait of mterest |n turn maklng the colony PCR'I

‘o process more eff crent I hypotheS|ze that new potentral plant growth promotlng

o rhizobacteria can 1) be |solated from corn rhrzosphere soﬂ and suﬁacefsterrlrged'
| corn roots usmg selectrve medla and (2) be detected by colony PCR If bacterial
B |solates are found the next objectrve of thls expenment is to evaluate the growth
':of corn rnoculated W|th tthe bactena -Prellmlnary expenments to determme |
: m|n|mum sample srze and optlmal treatment (CFU/mL) are requwed | I

hypothesrze that corn colonlzatron of new potentlal growth promotlng'

' rhrzobactena as weII as S canadense A zeae and G azotocaptans erI :

increase ,the rate of plant growth.: EE
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3. 2 Methodology o SRS
3 2. 1 Isolat|on of new potentlal plant growth-promotmg rhlzobacterla

Bactenal colomes were isolated from corn rhlzosphere SOI| and surface-'
stenlrzed corn roots coIIected in 2008 and 2009 as outllned in sectlons 2 2. 1 andi :
B 2 2 3 The bacterla were screened by coIony PCR for the presence of elther the.» :
'cpn60 gene or the me gene o | | s |

' To remove adherlng rhlzosphere soﬂ from the corn roots representatrve,
root samples from each site were cut and added to 70 mL of 10 mM phosphate
7 buffer in thlck plast|c bags and shaken ona Gyrotory ® Shaker at 250 rpm for 30‘
: mmutes Each bag was then placed lnd|v1dually in a Laboratory Blender :

Stomacher—400 and further blended on the. “normal” settmg for 30 seconds One o

- | hundred mlcrolltres of the sorl suspensmn was plpetted mto a 25 mL glass V|al in .

'dupl|cate V|als contalned 10 mL of mtrogen-free LGI semr-solld med|um'

- '”(Appendlx) with 100 pg/ml of cycIohexum|de to |nh|b|t fungal growth (Cavalcante" o

' ) }and Doberelner 1988) Inoculated V|als were mcubated for 7 days at 30°C A‘

cIoudy pellrcle of bacterla formed W|thm the semr-solrd med|um The pelllcle was

_removed and drluted 10-fo|d in a drlutlon series from 10 to 10 m stenle HZO .

o One hundred m|crol|tres of each d|Iut|on was p|petted and spread on LGI agar o

= plates (Appendlx) Random smgle colon|es were p|cked and streaked onto new.

plates to obtaln pure cultures whrch were made |nto glycerol stocks and kept at'.
| -80°C for colony PCR If |solates were ready to be used |mmed|ately, theiv
| freezmg was sklpped o | | | |

When fresh corn‘ root samples yvere collected |n 2009 they were»surface-

- _sterlllzed accordlng to the method in sectron 2.2. 5 One centlmetre sectlons of



sUrfaCe-steriliZed root tissue were placed »into 25 mL glass vials containing 10 mL
of'}nitrogen-free 'senti-solid CCM, NFM, or malate'medium, with,100 |.|g/mL"ofr -
| cycIohexrmlde (Appendlx) The vials W|th root tlssue were then incubated at
30°C untrl a peIIrcIe was visible. Srngle colonres were generated for screenrng
: usrng the jsame;_ method_ as _specrﬂed forvrhrzosp_here-assocrated bacteria |
mentioned ?rin the " previous pavragraph .with the .excep.tion of difterent media.
| Ditferent'nitrogen-free selective _med‘ia'were 'used'f‘o:r isolating bacte:ria‘ as they
| grew taster onthese tybes of rnedia' B
| To conf irm the ab|I|ty of the selectlve medlato altorv growth of nltrogen-
i f"xmg bacterra only, nine random unknown |solates from f" eld sample egceroI.
’stocks had thelr 1l68 rDNA amplrf ed usmg unrversal 168 pnmers - 27f )
| (AGAGTTTGATCMTGGCTCAG) and 1492r (TACGGYTACCTTG'I‘I'ACGACTT)? |
(Eden et aI 1991) Each bactenal |solate was grown in RICh broth overnlght i
from a smgle colony Bactenal gDNA was extracted usrng the SIGMA :

| GenEIute TM Bactenal Genomlc DNA Krt (Srgma-AIdnch St bours Mlssoun) and | ,

. 3»7 drluted to use as DNA template in PCR Each 50 u'— reaction contarned 1x PCR -

buffer 3. 75 mM MgCIz, 200 nM fonrvard pnmer 200 nM reverse prlmer 0 2 mM"

-_'dNTPs 2 5 unlts Taq polymerase 01 mg/mL BSA 2% DMSO 1pL bacterlalri

| _gDNA and stenle Mlllr Q HgO The cycle condltlons were 95°C for S mrnutes o
- vfoIIowed by 35 cycles of 95°C for 1 mrnute 56°C for 1 mlnute and 72°C for 2 |
mlnutes wrth a srngle f naI extensron at 72°C for 7 mrnutes Ampln‘" catlon was
assessed by gel electrophoresrs usmg a 1 O% (w/v) agarose gel in. 1X TAE Bufferi )

o | [40 mM Tris (pH 9.5),.0.5 mM EDTA (pH,8_.0)] for.approxmately one hour at 100“ :
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| kV..‘ :The expected PCR product size (1500 bp) was verified and the amplicon was‘.
~ extracted from the geI‘.j The.'QIA 'Gel Extraction Kit (Qiagen, Mississauga,}'
| .Ontario) was uvsed to 'purify the. PCR 'products accordihg to the manufacturer’s
mstructlons The |solated ampllcons were sequenced at Robarts Research"k

| Institute, London ON and the sequences were compared ina nucleotlde BLAST"

! search wlth|n the NCBl database.

- fi.’ , 3 2 2 Bacterlal colony preparatlon for PCR

| To prepare bactenal colonles for PCR egceroI stocks were plated on agar

of the appropnate medrum for older samples For new samples bacteria were s

o taken dlrectly from drlut|on plates Smgle coIomes were plcked from agar plates

wrth a sterile toothplck or plpette t|p and suspendediln 100 pL of stenle H.0O and
- 50 mg ofO 1 mm sterile glas's beads. Suspensions were pla’ced in the FastPrep-

- 24 for 40 seconds at6.0 m/s to Iyse the ceIIs and centnfuged at 12,000 rpm for 1 \

o mlnute The supernatant from each tube was transferred |nto new tubes and was

N

J B stored at ,'ZO?C. untll needed for PCR as DNA template. . '\;

. 3.23 Detectlon of new |solates contammg S. canadense, A zeae, or G.
‘ azotocaptans cpn60 genes usmg qPCR o

The pnmers and probes from sectlon 227 were used to detect newv
7 stralns of S. canadense A. zeae and G azotocaptans (Tab]e 2 3) Unknown,

| Vbactenal |solates were screened wrth each set of pnmers in qPCR reactlons_

' ,usrng the B|oRad CFX-96TM ReaI-Tlme System Th|s method was used as a,

e ) rap|d way to screen bactena for the presence or absence of the specn‘" c cpn60 -



53

genes, and not for quantiﬁcation. This real-time 'qPCR' machine was a new -
addition to the Ia_boratory facility at that‘stage of experimentation therefore it was
 used instead cf the rCorbett: Rotor:GeneTM 3000. The'apparatUS was fast, could
prOCess 96 ‘samples at once instead cf 36, ~an‘d'smallertot’al reaction volumes

s were permltted Each 10 pL reactlon contained 5 uL EXPRESS qPCR Supermix,

| 075 uM fonNard prlmer and 075 pM reverse prlmer 015 uM probe 1 pL

_’ 'bacterlal colony suspension, and 2.0 uL fi Iter-stenllze_d MI"I-Q water. The cycle
conditions for all three primer/probe . sets were 50°C :fo:r 2”n:1inutes, 95°C for 2 |
"~ minutes, followed by 40 ’cycles of 95°C for 10 seccnde, and 55°C fo‘rk3‘0' seconds; |

3, 2 4 Det_ectlon of new |solates contalmng the me gene usmg conventlonal -
PCR D , o

“An ’alter‘native 'colcn'y‘; PCR method Was also utilized for the detection of

new potential plant grthh-promoting rhizobacteri'a'v Using “UniverSal primers”;

deS|gned by Poly et aI (2001) detectton of bacterla WIth the gene encodlng ‘

\

o mtrogenase reductase nlfH was possrble These pnmers detect a wide range of

- ,bactena contarnlng the nifH gene The selected prlmers PoIF and PoIR (& TGC ‘

G GAY CCS AAR GCB GAC TC 3’ and 5 ATS GCC ATC ATY TCR CCG GA 3’

respectlvely) were used to ampllfy a 360 bp regron between sequence posrt|ons
| 115 and 476 (referrlng to the Azotobacter vmelandu me codlng sequence'

[M20568 Poly et aI 2001) Each me reactlon consrsted of 1x PCR buffer 2.5

~ mM MgCl,, 40'Q_nM; fowvard prlmer,- 400 nM reverse pnmer, 200 pM dN'_I'Ps, 2.5

unlts Taq polyrnerase, _1uL'bactelr/i’aI colony ysu»spens_ic_n‘ and sterile MiIIié_Q H20 toﬁ |

| ~ bring the 'Volu’me,-to’ 25 pL. »The:.optimal protocol used with the_.Eppendorf .
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Mastercycler ® pro Thermal Cycler was '959C for-5 minutes, foIIowed.by‘30
cycles -of 95°C for 30 seconds 55°C for 30 seconds and 72°C for 1 mmute
| endlng with a. smgle fi nal extensron of 72°C for 5. mlnutes At the end of the |
program; PCR reactrons were marntalned at 4°C untllthe PCR products were run
on a_.'].O% (W/v) agarose gel in ‘lx TAE .Buffer. .The gel was. runat.ﬂSV/cm ‘fo'r
. apprQXima’ter 45 minutes‘ to,conﬁrm the presence of the',P'C.R,p.rod‘uct _at»- the’

| | expected»bas_e »pair size.

3, 2. 5 Determination Of optim'al sample size

A prellmlnary growth expenment was conducted to assess the natural

S ,vanabrllty of corn plant growth with respect to shoot herght fresh plant weight,

- and dry plant welght Corn seeds were supphed by Dekalb Canada The varlety :

- .selected was DKC 50-20 Y|eIdGard® Corn Borer/ Roundup Ready® Corn 2 and

| ~'-"the crop- heat unlts (CHU)'ratlng was 2975 Crop heat unlts are part of an |

; mdexmg system to asmst farmers |n choosmg surtable hybnd\s and varletles fory |
thelrarea (OMAFRA 1997) L o | f}; L
B Seeds were surface-stenllzed before plantlng by soaklng ina 0 1% NaOCI

_:solutlon for 2 mlnutes nnsed three tlmes |n stenle dH20 and drled on a sterlle :

i : paper towel in a laminar flow hood for 20 mlnutes ‘Each pot contamed 8 seeds )

- , W|th 6 repllcates glvmg 18 pots or 144 seeds altogether Surface-stenllzed seeds

| _were planted 3 cm below the surface |n pasteunzed Promlx BX sorl (60°C for 4

hrs) usmg sterlle forceps The plants were grown usmg a 15/9hr (I|ght/dark a

o 23°C/1 9°C) photopenod, with llght supplred by fluorescent bulbs. Eve‘ry_ second
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: day, pOts‘were given equal aliquots of water ranging from 100 — 200 mL -

depending on soil dryness.

- The v’ariability was assessed over a three week"period ‘each week

| removrng 48 plants for measurements The maximum varlablllty determlned the
:sample size needed to ensure S|gn|f cant results for testmg bacterlal mocula wrth_

- , corn seed for the|r potentlat benefits. The maximum mean variance’ observed
'wasusedxln a sample size equatlen to calculate the minimum sample size

. needed forfurtherexpenmentatlon . L | . o \\ |

The foIIowrng equation was used to determlne sample size (Gomez and Gomez

1984): o
Mvin=‘(Z)2-(u)v |
o B X CO L
R n=vlminimumsampIeSize e L
Z=1.96 (atp=005)
lu=sa,mplingyvvariance «. ) ) .
X =samplemean . e N

Growth was assessed based on. shoot helght and total dry plant welght

- ‘(dry root mass and dry shoot mass)

- 3 2 6 Determmatlon of optlmal moculatron treatment

Bacterla apphed as a corn plant b|ofert|I|zer can have detnmental effects rf ‘

used at too hlgh of a concentratlon (CFU/mL) The optlmal concentratlon was

o _ determmed for S canadense CR11 A zeae N7 and G azotocaptans DS1 as -

: weII as stralns Q2 104 LC2 and LCQ
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- Each Pyrex jar contained approximately 350 g of pasteurized sand (4fhrs
© at:60°C), 50 mL distilled water, 53 mg urea, 18 mg of phosphate, and 18 mg of

potassium'added to mimic half-strength fertilizer compared to recommended com

/ - fertilizer rates for Ontario (OMAFRA 1996)

-~ Corn seeds were surface-sterlllzed by soaklng ln 0. 1% sodit.irh
hypochlorlte for 5 mlnutes, followed by three rinses of stenle distilled water and

drying in a.Iarhihar.row hood. Groups of 30 seeds were counted into 50 mL -

| .conlcal tubes in preparatlon for the inocula.

Bacterlal mocula were prepared by growing overnlght rich’ medlum Iqu|d |
~cultures of S. canadense CR11, A. zeae N7, and G. azotocaptans DS1, as weII
as ' ,strains Q2-104, ‘LC‘2, and ‘L'CQA. Cell su’s'pensio‘ns were vpelleted by

centrifugation at 4000 rpm fer 20 minutes at room temperature. The""super‘natant'

~ was removed then 3 mL of sterile distilled water was added to wash,the pellets, -

and re-suspend them. The suspensions were centrifuged again and vt»he_»

- superhatant was "r'evmo"\'/ed. SuSpensions were adjusted,Withdis't‘iIIed water unti a '

o | COncentratien df‘108v'CFU/rnL ‘was 'attained::‘ This 'w‘as“ used as the hlghest

‘treatment of mocula followed by 107 106 and 10° CFUlmL “The number of

| CFUs for each moculum was cont" rmed by performlng a 10—fo|d dlspersmn serles :
_|n stenle HZO and platmg 100 pL of the dlspersmns on CCM agar pIates mij
dupllcate foIIowed by countlng mdeual bacterlal colonles | ' |

Appllcatlon of mocula to seeds was carrled out by submerglng surface-v

| _stenllzed seeds in 10 mL of the bacterlal suspenswn for 5 m|nutes ‘while they. -

o ; were bemgagltated on a rotary shake_r. The control gro_up was submerged and’”'



(5\«"'

seeds per pot and conslsted of three trialsv o

o7

”agitated in 10 mL of sterile H20. Ten. seeds' perjar‘Were planted at alvdepth of'3

- cm. usmg sterlle forceps ~ Growth chamber condltrons were 25°C and a

photopenod of 8 hrs-of light/16 hrs of dark.. Each inoculum had 3 repllcates of 10

seeds per jar and consisted of three separate tnals After seven days of growth,

corn plants were removed from the sand and were evaluated based on

: emergence shoot helght fresh welght and dry weight.

Data were analyzed usmg SPSS Statlst|cs ,,18 software 'Analyses of

' varrance (ANOVA) were. performed to compare the differences among moculum |
! | treatments for each bacterlum and |f p values |nd|cated a S|gn|t" icant drfference (3

<0. 05) means were separated by Least Slgmf cant D|fference (LSD) test

3.2.7 Evaluation of new potential growth-promoting rhizobacteria

The inoculum treatments with the best performance in the previous

= e)(perimentvwere:used in _thefol_lowing trials. Each inoculum had: 6 replicates of 8 |

N -

. Sand preparatron mvolved pasteunzatron at 60°C for 4 hrs after whlch‘

a approxrmately 2700 g was measured |nto each of the 42 pots HaIf-strength
| ,fertlllzer concentratrons of N P K were added to each pot at a rate of 75 kg/ha for
B N and 25 kg/ha for P and K compared to recommended corn fertrllzer rates for
iOntarlo (OMAFRA 1995) Pots were arranged in a randomlzed deS|gn on the

. _greenhouse bench

Corn seeds were surface—stenlrzed by soaklng them |n 0. 1% sodlum |

o hypochlorlte for 5 mlnutes, foIIowed by three rinses of sterlle water and drymg} in
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- a laminar flow hood. Groups of 50 seeds were counted |nto 50 mL conlcal tubes
in preparat|on for the moculum

Bacterlal inocula were prepared uslng the. same method as in section
3. 2 6 “The number of CFUs for each inoculum 'was confirmed by'performing a
| 10-fold drspersmn senes in sterrle H20 and platmg 100 pL of the dlsperS|ons on

CCM agar plates in duphcate foIIowed by countlng |nd|v1dual bacterral colonies.

e Appllcatlon of mocula to seeds was done by submergmg seeds in 10 mL of the |

| suspensmn for 5 mmutes while they were bemg ag|tated The control group was ‘

o submerged and agrtated in 10 mL of sterlle HzO Elght seeds per pot were

e planted at a depth of 3 cm usrng sterrle forceps Average da|Iy daytlme :

| maximum temperatures in the greenhouse were 28°C After 15 days of growth
: corn plants were harvested and were evaluated based on shoot herght fresh
werght and dry welght Statrstncal analyses were completed as outlmed m "
N sectron 3 2.6 to determlne |f any S|gn|f cant d|fferences eX|sted between plants -
B .~ ,from the 6 treatments an_d those of» the cont_rol group.v r , | \ .

.33 Results : R o :
3.31 Determmatlon of the selectmty of the culture medlum for mtrogen

e fi xmg bacterra -

To‘ d'et_e‘rmine.-thefselectivity,'of’:var_iousrculture"m'edia'ffor'fgrOWth of
o nitrogen fixing bacteria, nine isolates selected 'rando'mly' we“reise"q'u'enlced' and o

| ':\the|r rdentltles ‘were | determlned from the sequence data Based on BLAST»

searches agamst the NCBI data Ilbrarres for S|m|lar|t|es of the 168 rDNA

i , sequences, the |solates were aII |dent|ﬁed as gene_ra of bacterra commonly found

" “in soil. Four,of the_ isolates were identified asE.nterobacter ‘Sp.,j Klebsiella sp.,
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'Burkholdena sp and Pseudomonas sp., whrch could potentlally be mtrogen- |

- ﬁxmg species (Elmench and Newton 2007) Three other |solates were |dent|t" ed

as Stenotrophomonas sp., Comamonas spr , and Xanthomonas sp. (Table 3.1).

3.3. 2 Colony PCR usmg cpn60 prlmers for S. canadense, G azotocaptans,
andA zeae. : o S

Bactenal co|on|es grown on a selectlve medlum were prepared for PCR :

o screenlng All colon|es were screened with pnmer/probe sets for S canadense
-‘ _ VA zeae and G azotocaptans Three-hundred colonles were screened usmg o
'7 real-tlme .PCR' methcd_s wh}rc__h resulted |n vone‘ p'ositivev.amblnic_on "wit}h S. |

canadense vcpnGO_'prirners... _-This bacte-riall colony‘,' ‘named Q2-1 04, ’:‘vyas théh ‘,

furth‘e‘r veriﬁed' by sequencing-?a ’portion of its’ cpn60 gene fragment.--After a
:BLAST search the fragment was found to be 97% S|m|Iar to the S canadense |

' CR11 homolog This bactenum was |solated from sandy Ioam rhlzosphere sou in

™~

i 3.3.3 Detection of the'nifH gene using 'conventional PCR

Three hundred and flfty-f ve colonles were screened for the n/fH gene \

- When testlng colonles rsolated from surface-sterlllzed root tlssue two colonles

| "res_ulted in _posrtrve ampllﬂcatlon wrth the nlfH_pnmers, ,named straln LCZ,and_
~ strain LC9 (Figure 3.1). These positive isolates were also screened using the -

o real—‘tirne primers/probe"sets to determine if they were'closely’related to any' of

e :the three establlshed bactena stralns CR11 N7 and DS1 No amphf cat|on was

| detected wrth straln LCZ or straln LCQ
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' Table 3.1 BLAST search results of randomly selected strams |solated from

, nltrogen-free semi-solid medium.

Strain e 'BLAST Search Result

| F2_- 2 B _' VE_ntereba}cter aerogenes
- Q210 - Stenotrophomonas maltophilia
L2-1 ~ Stenotrophomonas maltophilia
l R2—4; -  Xanthomonas translucens
- Xanthomohas translucens
e W3;2'_‘. o Klebsiella oxytoca o
L45 ,: S - Burkholderia caledonlca
Q72 - Pseudomonas ﬂuorescens
Q84  Comamonas testosteroni

Maxirnum‘ Iden_tity (%)?

2 Maximum identities show how closely an unknown bacterium matched with a glven .
sequence |n Genbank as a percentage of ldentlcal base palrs '

o Identlﬂcatlon was based on 16S rDNA gene analyS|s of rhlzosphere assomated bacterla - |

grown in nltrogen-free semi-solid medlum

N
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Figure 3.1 Amplification of 360 bp region of the nifH gene in Enterobacter sp.
LC2 and LC9 isolated from surface-sterilized root tissue incubated in a semi-solid
combined carbon medium (CCM).

+

- indicates positive controls from a bacterial colony (A. zeae N7)

gDNA - indicates positive control from extracted gDNA (A. zeae N7)

NTC

- indicates the “no template control” to ensure no contamination occurred
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', 16S rDNA fragments of strains LC2 and LC9 were sent for sequencing for
" further identiﬁcation; | :Results frem a cemparative' BLAST search determined that
- these:bacteri’a were fr_an the 'genuvs' Enterobacter. ‘The sequenced por_tidn'of the
168 genes from_str.ains LC2 and LC9 were~95% VSimiIa_r,:te those of multiple

~ Enterobacter species such as E cloacae, E. .l;udwigii»'a}nd E aerogenes. These

: baeteria were isolated from sandy rhizosphere seil. in Mount‘iBrydges,fontar‘iq.' 9
B C'F"I'ant growth premOtion experiments were then ,‘conducted on these
bacterla along with S. canadense Q2-104 from section 3.3. 2 once the m|n|mum

sample size and moculatnon concentratlons were establlshed |

" : 3 3. 4 Determlnatlen of mlnhlmum‘sarnple sﬁe requvlred for grewth promo’tlon .
'experlments ' RETRI y Sy T g '
Varlance mcreased W|th each week of sampllng corn plants and was

E hrghest for total dry plant welght T‘herefore, dry_ plant,we_lght measurements:‘-, .

. were used to determlne the ;mlnlmum .samplei size for Vsubsequent“grewth |

| promotlon expenments \ 7

'\

After seven ‘days of growth the mean dry pIant welght was 246 2 mg and_ )

o the mean}vanance was 1.4 mg. .Based on the_se vanatlon results; the mlmmum o

o sample size required was 25; therefere 30 seeds were used ferfeach"tr'_eatrnent to

. _determine"jthe “obtimal' bacterial 'ebnee'ntratibn because these tr"ialbsf Iasted _onﬂe,}

'zweé‘k'”"' | | b . A
After three weeks the mean dry plant werght was 608 7 mg and the mean -
"vanance was 1.1 mg Based on week three varlatlon results the mmrmum'»

sample srze requrred was 46 seeds Based on th|s result 48 seeds were used
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forﬁe'ach treatment in bacterial inoculation ‘trials‘ testing the' grthh'prOmotion
ablllty of S canadense QZ 104, Enterobacter sp. LCZ ‘and Enterobacter sp LC9,
as well as G. azotocaptans DS1, A zeae N7, and S. canadense CR11 These
 trials were 15 days; therefore to be conservatlve week three varlatlon resultsv

were used mstead of week two vanatlon results

| 3.3.5 Determlnation of optimal l)acterial treatments
The response of the corn plants to the bactenal mocula for each stramr
- vaned WIth respect to shoot helght fresh plant werght and dry plant welght For -
i S. canadense Q2 104, the mean shoot helght was 10% Iower (p= O 02) in the‘ ”
| 103 CFUImL treatment compared to the‘control .group (Flgure 3. 2)' the mean |
,‘~ fresh plant welght of all the treatment groups drd not S|gn|f cantly dlffer (p 0. 47) “
from that of the control group (Flgure 3. 3) although the dry plant welght of 107»:_1 |
CFU/mL treatment was 18% Iarger (p <0. 001) than that of the control group '
(Flgure34) IR B '\' .
For Enterobacter sp. LC2 the mean shoot helght of 107 CFU/mL' '

o treatment was 8% hlgher (p 0 04) than that of the control group (Frgure 3. 5)

: gand the 105 CFU/mL treatment produced a 14% smaller (p < 0 001) mean fresh |

- plant welght compared to the control group (Flgure 3. 6) The mean dry plant_

SR welght of the 106 CFU/mL treatment was 9% larger (p 0. 03) than |n the controlll |

| - group (Flgure 3.7). o
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Figure 3.2 Mean (x standard error) shoot height (mm) of corn plants inoculated
with S. canadense Q2-104 bacteria at four concentrations and grown for one
week. Values are means of three trials consisting of 30 replicates per treatment.
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Q2-104 Inoculum (CFU/mL)

Figure 3.3 Mean (x standard error) fresh plant weight (mg) of corn plants
inoculated with S. canadense Q2-104 bacteria at four concentrations and grown
for one week. Values are means of three trials consisting of 30 replicates per

treatment.



66

Q2-104 Inoculum (CFU/mL)

Figure 3.4 Mean (x standard error) dry plant weight (mg) of corn plants
inoculated with S. canadense Q2-104 bacteria at four concentrations and grown
for one week. Values are means of three trials consisting of 30 replicates per
treatment.
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LC2 Inoculum (CFU/mL)

Figure 3.5 Mean (z+ standard error) shoot height (mm) of corn plants inoculated
with Enterobacter sp. LC2 bacteria at four concentrations and grown for one
week. Values are means of three trials consisting of 30 replicates per treatment.
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LC2 Inoculum (CFU/mL)

Figure 3.6 Mean (x standard error) fresh plant weight (mg) of corn plants
inoculated with Enterobacter sp. LC2 bacteria at four concentrations and grown
for one week. Values are means of three trials consisting of 30 replicates per

treatment.
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Figure 3.7 Mean (x standard error) dry plant weight (mg) of corn plants
inoculated with Enterobacter sp. LC2 bacteria at four concentrations and grown
for one week. Values are means of three trials consisting of 30 replicates per
treatment.



~For Enterobacter sp. LC9, signifi cant mcreases (p <0 01) in the mean |
4 ‘ shoot height compared to the control group were observed in aII treatment
B 'concentratlons.; 16%, 18%, 12% and 18% for 105 — 10® CFU/mL, respectively
| '(Figuvre »3 8). The same 'trend occurred for thev’mean fresh plant_‘_wei‘ghts:, withlv
mcreased (p < 0.01) welghts of 20%, 24% 'ahd 1?% for 105 10, '168CFU/mL |
o except 107 CFU/mL treatment ‘showing no S|gn|f|cant drfference (p = 0 10)
(Frgure 3 9). The 105 CFU/mL treatment produced plants W|th a 13% higher dry' ”
‘weight (p < 0.001) compared to that of the non-moculated g_roup (Frgure 3.10)..\,
. The ’ino‘cUIum. .that produ'ced the most _signiﬁcant :i‘ncreases‘ among the ',
vthree measurements _e:valuated was' cho"sen as the‘treatment’to apply to corn

seeds in ‘SUbsequent experim‘ents For the next experiments evaluating growth |

L rpromotlon 107 CFU/mL was used for S. canadense Q2-104, 107 CFU/mL was_ |

 used for Enterobacter sp. LCZ and 105 CFU/mL was used for Enterobacter sp .
LCO L e
T he opti'm’al treatments of G. "a‘ZOtocaptans DS1 and A‘# zeae N7 were not

\

evaluated because of prevrous successful sand experlments completed by =

~ Mehnaz and Lazarowts (2006) Posrtlve results for two corn vanetles with |

_ respect to mcreased shoot and root dry welght were observed when seeds were :

: moculated wrth_,‘108_CFU/mL. Also,‘ S', canadense CR11 was prewously'

evaluated for growth 'promotion' (Mehnaz et al., 2010) using the same inoculum

densrty w1th posmve results for lncreased shoot and root dry welght therefore 108 -

- ‘CFUImL was used for experlmentatlon o
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Figure 3.8 Mean (x standard error) shoot height (mm) of corn plants inoculated
with Enterobacter sp. LC9 bacteria at four concentrations and grown for one
week. Values are means of three trials consisting of 30 replicates per treatment.
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Figure 3.9 Mean (x standard error) fresh plant weight (mg) of corn plants
inoculated with Enterobacter sp. LC9 bacteria at four concentrations and grown
for one week. Values are means of three trials consisting of 30 replicates per
treatment.
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Figure 3.10 Mean (x standard error) dry plant weight (mg) of corn plants
inoculated with Enterobacter sp. LC9 bacteria at four concentrations and grown
for one week. Values are means of three trials consisting of 30 replicates per

treatment.
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3. 3.6 Testlng growth promotlon ablllty of stralns Q2- 104 LC2, and LC9 in

sand under greenhouse conditions

‘.Ev'aluation of strains Q2-104, LC2, LG9, G. azotocaptans DS1, A. zeae
,_N7,' vand S. cana‘dens.e CR11 bacterialinoculations at their determined optimal
ooncentrations did not reveal significant increases in growth p'romotion'oompared |

to the cbntrol group. When comparing the mean shoot heights of the six

o treatments to the contrdl group, no' significant i'nvcreases' (p" = 0.540) were found

: (F|gure 3 11) The mean fresh plant welghts were not srgnlf cantly larger than |
: those of the control plants Stralns LCZ and LCQ were S|gn|f cantly smaller than

| the control group (p < 0.001 and p 0. 03 respectwely) (Flgure 3 12) Also

L _,strain LCZ had a 3|gn|f' icantly lower (p=0. 005) mean dry plant we|ght but stram

' LCQ did not differ srgnlf cantly (p O 311) from the control group (F|gure 3. 13)
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Treatment

Figure 3.11 Mean (x standard error) shoot height (cm) of corn plants inoculated
with bacteria and grown for 15 days. Values are means of three trials consisting
of 48 replicates per treatment.

Bacterial treatments:

Enterobacter sp. LC2
Enterobacter sp. LC9
Sphingobacterium canadense Q2-104
Gluconacetobacter azotocaptans DS1
Azospirillum zeae N7
Sphingobacterium canadense CR11
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Figure 3.12 Mean (x standard error) fresh plant weight (g) of corn plants
inoculated with bacteria and grown for 15 days. Values are means of three trials
consisting of 48 replicates per treatment.

Bacterial treatments:

Enterobacter sp. LC2
Enterobacter sp. LC9
Sphingobacterium canadense Q2-104
Gluconacetobacter azotocaptans DS1
Azospirillum zeae N7
Sphingobacterium canadense CR11
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Figure 3.13 Mean (x standard error) dry plant weight (mg) of corn plants
inoculated with bacteria and grown for 15 days. Values are means of three trials
consisting of 48 replicates per treatment.

Bacterial treatments:

Enterobactersp. LC2
Enterobactersp. LC9
Sphingobacterium canadense Q2-104
Gluconacetobacter azotocaptans DS1
Azospirillum zeae N7
Sphingobacterium canadense CR11
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- 3.4Discussion |

- 3.4.1 Isolatlon of potential PGPR
| In thls study, new potentral plant growth promotlng bacterla were isolated
- from the corn rhizosphere soil andv surface-sterilized corn roots usmg -selectlve E

~ media. Isolation. of potential plant growth-promoting rhizobacteria (PGPR) was

= | achteved:thrcugh the two PCR'methods employed Cclony PCR ustng cpn60 |

.'pnmers for S. canadense detected one new bactenum S. canadense Q2 104 =
’- and me prlmers revealed two Enterobacter lsolates straln LCZ and straln LCQ '
Strarns LCZ and LCQ contalned the nifH gene rndlcatlng the presence of
nltrogenase used in blologlcal nltrogen frxatlon (Pon et al., 2001) If the gene IS.
" expressed the bactena could potentrally aSS|st comn. pIants in provrdlng flxed

" _ nrtrogen. o

' Nitrogen-free rnedia that were used to isolate 'baCterial colonies’ were

‘ldeaIIy expected to ellmlnate aII non- nltrogen flxmg bacterla Theoretlcally, all the

. bacteria screened should have had gene detectlon with nlfH\prlmers because
. they requrre mt_rogen to survive. -“ThIS wasnot found with the colonlestested as
most of themdid not result in PCR detecti'on.' Howeve'r“ when randornly'selected

N nIfH-negatlve |solates were sequenced the maJonty came from genera that have

o the ablllty to reduce nrtrate except for Xanthomonas (PaIIeronl and Bradbury, s

1993; WrIIems et al.',' 1991; Vautenn et al., 1995; Wolf et al., 20_02); ' ;Thrs finding

is Iikely'du’:e.to Iin‘iitatiOns of the nifH primers as they did not:covera,Wide en_cugh' |

I range of bacteria to encompass all the species found and are nct_’universall.(PcIyg'

© ' etal,2001).
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Colony PCR gave unpredictable results in detection of bacterial'..spe_cies |
" containing nifH genes. Positive controls often failed due to inconsistencies with

~ using colonies as the DNA template. This problern occurred after repeated

: freezrng/thawrng of bacterral colonies suspended in water When gDNA was

- extracted from bacterla amplification' was consistent. Th|s problem was not o

} reported in the I|terature where researchers used the same colony PCR method

'(Woodman 2008)

'3 4. 2 Growth promotlon ablllty of bacterla-moculated corn in sand under

E greenhouse condltlons S

A prellmlnary experrment evaluated the'optim_al bacterial concentration for
‘ve‘a'ch"inoculum and the minimurn sample sizevrequ‘ired. The greenhouse Sand»

| expenments with corn moculated wnth three new bacterial stralns drd not mdrcate |

S growth promotlon when companng plant werghts and shoot helghts to those of

‘the control group. .Concurrently, corn pIants moculated_wl\th 'S. canadense, G.
’f»azotocaptans, and_A. zeae did not have significant increases in: corn plant growth | E
despite other'studies‘ f_inding results to the contrary (Mehnaz et-'ai\l.,' 2006b; :

‘ Me}hnazv ei al., 2010' Marques et al., 2010) | .My hypothesis Was rejected as corn'

| plant colonlzatron by new potentlal plant growth promotlng bactena as well as S.
- canadense A. zeae, and G azotocaptans did not rncrease the rate of plant

, development | | . | | N |

A possrble explanatron for this outcome could be related to the corn'

R varlety chosen and it not belng weH surted to support bacterlal growth Bactena

- can have vanable success in drfferent corn cultivars. More than one corn vanety 2

. were tested in past greenhouse sand studles wrth only some vanetres showrng
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,inqrvease‘d"plant growth for S. canédense, A. zeae, and G, az_otocéptans_ (Mehnaz o

et al,, 2006b; Mehnaz ef al., 2010). In another study by de Salamone and
~ Dobereiner (1996), only six of fifteen com genotypes showed a consistently

positive‘res_p‘o'ns»e tb_ihb}c‘f:ula,t:ipn with a ‘mixture of A_.’ braSiIenSe”strains isolated

~ fromcomn. -
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Chapter 4

4.1 Gene‘ral Discussion and Conclusio'ns

Plant growth promotlng rhrzobactena (PGPR) represent a wide varlety of_

gsou bactena that, when grown in assocratlon with a host plant result in

o stlmulatlon of growth of thelr host Many bacterral specres and strains belonglng

.to genera such as Azospml/um Azotobacter Bacillus, Burkholdena :
'Gluconacetobacter Herbaspmllum and Pseudomonas have already been'

o :establlshed as PGPR (Probanza et aI 1996 Gllck 1995 Boddey et al., 1986).

B The search for PGPR and |nvest|gat|on of their modes of actlon are lncreasmg at'

a rapld pace as efforts are, made to epr0|t_them commercrally as blofertlllzers. L | s

“In this study; three 4PGP_;R“ bacterial speCies, namely, S _canadense, A.
§ zeae and‘G' azotocaptans were detected and quantif ed frorn'corn.rhiiosphere N
3 sorl and surface-sterllrzed root tlssue usmg real-tlme qPCR The abundance of .
vrithese bacterla in Ontarlo and Quebec was prevrously unknown: Identrfylng"

: _bactenal quantltles cIose to 106 CFU/g |n more than one field S|te 1nd|cates that

: ‘:f: the bactena flourish in their grven envrronments and are potentlally |nvoIved in -~

multlple forms of nutrlent exchange wrth the plant host Determlnlng how".

| ,wrdespread the bactena naturaIIy eX|st in assomatlon wrth corn can grve an-

e |nd|cat|on of the|r abllrty to thnve in dlfferent enwronments wrth a range of corn

E ', varretres Thrs study provrded a gllmpse |nto the presence of a group of bactenal

' .'specres assocrated wrth rhlzosphere soﬂ and roots | However bactena[ ’

| ‘populatlons are dynamlc changlng |n response to cllmate son characterlst|cs A
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and plant secondary’ metabolite availability"(Dobereiner' and’ Day, 1975).
Samphng multiple tlmes over a growmg season could reveal drfferent results asv_
 to WhICh bacteria perS|st and therefore may be better suited for use in broad- A
based commercial brofertrllzers.t | |

o T hree additional bacterial ’isotates, S. »canadense Qé-104,' Enterobacter_
: sp LCZ, and Enterobacter sp.' LC9, were identified as potenti_al _PGPR by rneans‘
| of co‘Iony. PCR' .Sv canadense'Q2‘—1'04 vvasanticipated?tohave sirnilar growth- |

' .',promotrng effects as S. canadense CR11 reported by Mehnaz et al. (2007»

o ; 2010) Enterobacter specues have been found prewously in rhlzosphere soils |n. ,

Chlle among other reglons (Shoebltz et al., 2008) Hlnton and Bacon (1995)1

o found one isolate of Enterobacter cloacae' endophytlcally assomated vvrthcorn :

o ’that enhanced the blologlcal controI of systemlc pathogens

The capabrhty of natlve bacterlal specres |solated from Ontano and
| iQuebec rhlzosphere soil and corn roots to behave as PGPR was mvestlgated

) S canadense VCR11,‘ A. zeae N7, and G. azotocaptans DS\1 a}Iongwrth S., -

T canadense Q2-104, Enterobacter sp 'LC2, and Enterobacter sp.'-‘ LCY were

evaIuated under greenhouse condltrons for corn growth promotron but nov‘

) -statrstrcally srgnlt" icant mcreases |n shoot helght dry plant welght or fresh plant -

| werghtwereobserved. In gen_erat, shortly after bacterla are‘r_ntroduced into the -

p sOiI:'bacteri"al populations canf decline 'progre'ssively (Bashan and' Levanony,'

3 '1988 van Elsas et al., 1986) Thrs phenomenon may prevent the burld -up of a

BN suff C|ent|y Iarge PGPR populatlon in the rh|zosphere sorl to obtain the mtended |

" pIant response One of the goals of moculatlng corn seeds wrth PGPR is to' ;
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| esvtabliShf»high levels of biological nitrogen fixation (BNF). _NitrOgen.ﬁxation with

: k cereal ’crops_}is often considered ’negligible ln cornparison to rates“'of' s'y"mbiotic

‘e nitroge'n‘fixation attained» by root nOdulatedplants Therefore. the possibility of

o mcreasmg nltrogen fxatlon wrth cereal crops by moculatron W|th W|Id type

| bacterla isa challenglng task. | |

| The development of molecular technlques has vallowed m|crob|al
. 'ecologrsts to explore m|crob|al dlversrty and abundance far beyond that exposed
_by analysrs of culturable mrcrobes ‘as shown in Chapter 2 ln contrast in

" Chapter 3, desplte ﬁndlng bacterlal |solates that are very cIosely related to

PGPR S. canadense Q2- 104 and Enterobacter speC|es contammg nlfH genes |
'they d|d not eXhlbIt any growth promotlng effects rn the greenhouse trlals The

- link between tracklng PGPR and determmmg how to explo|t their benef cral traits,

whether iti is blologrcal mtrogen frxatlon solubrllzatlon of phosphate or facrlltatlng L

 the adsorptlon of i iron, is where more research is needed (Vessey, 2003)

As research contlnues towards alternat|ve fertrlrzers to provrde nutnents,

to non legumrnous crops of agncultural srgnrfcance PGPR are promrsmg o

- ‘candldates as they appear to be relatlvely wrdespread and d|verse in thelr »

‘functlonal characterrstlcs Dlscovenng a method to determrne qurckly |f a o

I bactenal specres is able to. assrst |n plant growth promotron would ultrmately -

L narrow down the search Also studylng the assocratrve mteractrons between 3

:bactena and non Iegumlnous plant specres wouId a|d |n better understandlng of

- , the mechanlsms mvolved Ieadlng to advantageous PGPR
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} Common medla used throughout study

| LB Medium (Lysogeny Broth Medlum)

~10.0g/L  tryptone

50g/L. yeastextract
-~ 60g/L  NaCl
- 15.0g/L agar (for sohd medlum)

LGl Medium = o

0.2g/L KyHPO4-

0.6 g/L KHPO4 R
1 02¢g/L  MgSO47H.O

~ 0.002g/L  CaCl, -

C01glL —'NaZMoo;zHgo
7509/L - FeCls

5. 0 mL - Bromothymol Blue 0.25% in 0 2M KOH

6 pH (adjusted with 5 M KOH)
' 1 8 or 15 g/L agar (sem| solld or sohd medlum)

e Malate Medlum. S

S 019/l KHPO,

- 044glL KH2PO4
029/l MgSO47H0

- 0.02g/L CaCl,

50gL  DL-malicacid

© 01gll.  NaCl

- 0.02g/L  biotin S
6.8 - pH (adjusted W|th 5 M KOH)
15, 0 g/L ‘agar (for sohd medium)



Modified Combmed Carbon Medlum

. 0.06glL
. 25mglL

L

049l

. 1504¢/L

 15.0gL

5.0 g/L sucrose
- 5.09/L ‘mannitol ,
5.0g/L ~ DL-malic acid
. 0.5ml/L. - sodium lactate (60% v/v)
- 0.8g/lL.  KHPO,
029/l KH2PO4 |
- 0.29/L MgSO47H0
. CaCb
0.1g/L  NaCl -
0.1 g/L yeast extract
~ NazMoO42H,O0
28mg/L  NazFe EDTA
S/l “Biotin S .
E - pH (adjusted with 5 M KOH)
15 0 g/L ' »v-agar (for SO|Id medlum)
NFM (Nltrogen-free Medlum)
'KH2;PO4
- 019/l KoHPO, ,
0.2g/L..  MgSO47HO
0.19g/L NaClI
- 0.02¢g/LL. = CaCly
. 001glL  FeClz
- 0.002g/L  NazMoO42H,0
.5.0g/L DL malic acid R
- 7.2-74 pH (adjusted with 5 M KOH)
- agar (for solid medium) -
Rich Medium - -
20g/L  dextrose =
159/l - glutamicacid
1.5g/L ‘peptone
0.5¢g/L K:HPO,
- 05g/lL - MgSO47H O
. 20g/L  yeastextract : R
. pH (adjusted with 5 M KOH). S

~ agar (for solid medium) -
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