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o The microflora associated with root systems of voung anrdd

ABSTRACT - : | g

mature iuugepolevpine was investigated by s;mpiiﬁg fofgst gfown'

" trees. Counts were pérﬁdrmed_and,expréssed or. a surface area basis
to give a more.realislic'mé;;u;e'of ofganisﬁ‘écﬁsity wiﬁhin ic

‘ various régions. Oﬁﬁihis ﬁasig, densities’increased'by,an order of.
lOsﬁto 106 fold‘WiEHih the ?hizoblane'qith the greafést.incréaécs
being aéggéiated with'phé smalle; feeding roots.

;Charaqteriéation of rhizopi;ﬁe and céntrol soil isolates
from béé%:yqing and matu;e tree root sttems deménétratcd diffeFepcés‘
from that,repbrted for égri;ultural cfops. Progéoﬁytic dha.éﬁylo—

. 1yﬁic org#nisms wefe preoportionatély rgduced Qithin'the Thizoplane>
as .were. the ammoniﬁﬁefs. The rhizoplane oréanisms also grew mofc '
slqwly.thaq.the'control soil iéolatés.alth0ugh they respbnded‘in
greéter numbers to‘the.addition/;f an amino acid sﬁpplemcntFof the;[
. growth media. 'The'rhizoplane‘organisﬁs alsoxdembnégrgted an SN
increased ability‘to bring aboue‘ﬁhosphate solubi&i;ation;
Ihe‘chitinolytic'organisms‘we}e supbressed within the
,rhiéoplane of the mé;uré tree but stimulated by ;he'ypung trees.,
Witg this exceptioﬁ,‘thé rhizospheie miéréflora-of blder and younger

..;;  . “., C | (

Growth stucies in theAlaboratory,_usin

"trees'are very similaf.
a sterile plant
growth aéscmbly which allows gfdwth at opcratjonal fatés, iﬁdicated
_thét different isolates or groups of org;hisms can havé a sipnifi—

cant influence on plant growth and the distribution bf this gfdwth.

» v
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- INTRODUCTION

)

. Container-grown seedlings are used'in Alberta in, large
’

7

numbers as an economically sound reforestation technique. There are,

fhowever man} instances where, in spite of excellent/syrvival growth
~1s poor. Ome possible explanation for thlS is that seedling quality

is not appropriafe (i.e., too small). What may be required is a

1

plant of defined minimum characteristics (total weight, root collar
B B . < . )
diameter, top/root ratio, etc.). It has been recently suggested

that as management expertise improves, the seedling characteristics

~

will be modified for specific sites.. The attempt to maximize growth
J;ates in the initial period and to'produce plants of defined char-

FEPR
B

acteristics'requires a better understanding. of all interacting..

°

o i o 7 .
- factors. One such interacting factor is the plant assoclated micro--

flora. L ‘ . » R o
o Results collected forda variety_of plants:and from:many'
areas suggest that micro—organisms may effectively'increase plant
growth even under ideal nutrient conditions (Miller and Chau, 1970)
that the effectiveness of’ given organisms will vary. (Lamb and
A

Richards, 1971), that drought resistance on outplanting may be

improved and that growth stimulation mayv o r»for xtended periods Lo

vafter outplanting (Theodorou and Bowen, 1970). Thus it is possible

:that'inoculation Of,plants with specific micro-organisms and growth
) initially under controlled conditions, as. occurs with container

stock will result in the production or a larger and more vigorous

plant with increased potential for successful establishment and .
growth on outplanting. ‘To fully evaluate the potential/g}«éuch\ﬁ
. P

e -



technique, it is desirable that composition, distribution and fluc-

v/ay

tuation of the natural rhizosphere microflora be understood In

.addition, the,effect of rhizosphere isoiates on,the growth capacity

BN

of seedlings must be determined. oy
Becaus= the problems. and potentials of such an.inoculation
. T . .
technique werr recognized, a study of the rhizosphere microflora of

, t e

-1odgepole pine wasiinitiated. This speciles was selected becauee.of

its domihance within the maﬁaged forestS of Alherta. This tree‘also
%gyhas a potentially'shorter‘rotation age than other trees commonly

found in the managed forest areas. The objectires of this study

were: “
a) Ch acterize and compare the microbiai popuiations'of young -
and mature trees to derelop an understandiag of the yariationS'in
vthe rhizosphere»with age of root and distribution in the soil
profile, | |

b) Detegpinebthe influence.thatvrhizosphere isolates have on

nutrient uptake. and growth _apability of pine seedlings.

As part of ahy 2search program, a large quantitynof.

! s

‘literature mdbt be reviewed. Because of the number of interacting
factors and the variety of methodology employed, the iiterature
dealing with\the rhizospherefphenomenoh is eXtremely confusihg.and

‘freQUently tontradictory: For'thia reaéon an extensiQe.literature
review is included with this report. invaddition to emphaaiZing

the tree—related work, 1t attempts to break the reported results:

"down by important factors, thus clarlf}ing some -of the contradic— T

?

tions.



11. Literature Review
" The term "rhizosphere'" is used to describe that.portion
of the‘soil which is subject to plant root influence. This region

is a continuum>with a demonstrated maximum influence at the root

surface, decreasing td no influence at some point in the soil

matrix. In areas of very dense root development, as under a cereal

. grain cr p, the whole of the soil may be subJect to root influence.

The pn#hary roet influence results from an increase in

Ny

‘\ éhergy supply available to the soil microflora. This is provided
either as root exudate or root slough.‘ Othé% chemical and physical‘
J'changes occur in the svil as a result of root presence and activity.

, The interaction of these factors produces the observed rhizosphere

L

effect. Any plant genetic or environmental change such as moisture,

light, temperature and nutrition will have an effect on the noted.
rhizosphere effect.

'Generally, the rhizosphere contains a more active micro-

flora. Organisms are present in- larger numbers and, in addition,
appear to be metabiolically more active. Logically, the proportion

of various morphological physiological nd bio@hemical groupings

[

 is changed from that of the non—root inf uenced soil = :*“\) T
Within(ﬁge rhizosphere, plant:root: micro—organiSm rér-

actions are most intense. ‘Tgus -the potential_ﬁor microbial

. ¢

influence on plant growth and metabolism 1s greatest in this _region.
" ( z%arious people have demonstrated a pqsitive microbial effect on

: \?trient uptake,'plant metabolism and grOWth. Unfortunately there

are a greater number of reports of failure of the’microflora to

- 3
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produce a positive response.

1. Terminologz

The terh “rhizosphere' was introduced by Hiltner in 1904
to desighate that reglon of soil which 1s under immediate influence
of plantgroots (Zagallo & Bollen, 1962). Ihis&Fegion has subse-
quently been redifined and subdivided severalltimes. ‘Perofti
(Timonin 1964);:sed the terms "endothc. ere" - namely,‘rﬁizosphere
as'defined bycHiltner : and "histospher ' for root surface. - Graffs
(fimonin 1964) used "outer rhiiospher f and "closer :hizosphéreﬂ.

Clark (1949) suggested the term "{hiéoplane", which included jexternal

plant root surface together with any closely adhering particles of

.

e

soil.
It should be fecognized that the zcne of root‘influence
‘is a continuum, Qith rdot influence gradually decreasiug ffomba
ﬁnmaximum at the root surface to no- influence at some point in the
soil matrix. Logically, no adequate definition of rhi;\gphere _

subregions can be made without the appgopriate methodologv inclu-

<i:;zcns.‘,Definitions prepared by Louw_ahd Webley (1959), described in
. ‘the methods seétion,of this report, and Timonin (1964) include

prec18e methodology statements.aud should serve. as standards.

2. ‘Sphere of root influence L

P ~»
»

Deteruina%ion of sphere‘of root influence is;dependenp
uéon knowing the.leugth bf roots‘wicuin“a;definedAsoil:volume and
rthe average radius of root—influenced soii-arouud each.root}' While
the éatter 1s affected by such obvious yariables as quantit; of

',vmaterial exuded by /the root system, soil texture and soil moisture,

ot



. 1,.
some general examples will provide guidelines. : ) v

Rovira (1953)‘stated that, under his conditions, the rhizo-

sphere effect was not evident more than 5 mm from the root.

v .

Papavizas and Davey (1961) 1nvestigated :his pkenomenon using a
multiple_core sampler that removed samples at 3 om intervals outwerd -
from the root su;tece. - They found a very pronounced effect in the
0;3 mn sample and a demonstrable effect in the l5—18 mm region.

:From these results, it is evident‘that the_rhizosphe;e region is a

continuum. ~The data also suggest that the maximum radius of soil

influenced is about 20~mm. @ lb’ 3
Pavlychenko and Harrington (1934) showed that within a-

cultivated soil matrix to a depth of 27 inches, any given cubic

<

inch (16.4 cc) of-soil contains 5.2 inches (13.2 cm) of root length.
Combining root length data with radius of rodt influenced

. soil permits a rough calculation of volume of root influenced soil

&,(Table 1).

Table 1

Hypothetical Calculation of Volume of Root-Influenced-Soil,

Soil volume 1 cubic inch - ' . 16.4 cc |
~~Root length (L) 5.2 inch . 13.2 em

Radius of Influence (r2) : ‘ : 1,0 cm.

Volume of Influence r _ ' o SN A41.4 cc

In th~ above example, all of-tHe goil volume would be
subjected to root influence. Support for the possibility of the
complete soil volume being root 1nf1uenced is provided by Gyllenberg

(1957) . He demonstrated, with oats, that the soll flora was .



initially quite different from that~of the rhizosphere and that it

\

changedlthroughout the season.and became‘similar to the rhtzosphere
population. Since the change; proceed from the surface to lower:
horizons, datum on these suggests -the ghange is the result of the
ﬁhole maes becoming root—influeneed o s _ |

' @\‘ The only report estinatlngAxh{zoplane volume was given by
Riley and Barber (1969). 1In an experiment where*S'soybeanﬂplantsb
wvere growntin pots for 2 and 3 weeks, they found the rhizop}ane

soil ;olume tovhe'equalstoAOjZZ‘and O.SZ,Irespectively; of the total
.eo%l volumet_’These resulte were developed from rhizoplane soil’

’ welght data.

3. Soil chenical changes within the rhizoéphere

Riley and Barber (1969), Qorking with soybean, demonstrated ~

thht bicdrbonate ion,concentration 1ncreased as much as 35 meq per

l \
‘
|

100 gm in the rhizosphere soil and that pH became more alkaline by

as much as 1 unitl . The pH change was shown to vary with nitrate ign

concentrat;on.' ince nittate is the most eommon available nicroéen
form in agricult ral soils, these reseits suggest the pH of rhizo-

eﬁhere soil in\ he field-woula be highet then.the nonrbi;osphere
5011. Rileybé d‘Barbet'(1971) further showed that regiacigg nitrate—

..nitfqgen with ammohiacaldhitregen ptoducedba more acidic rhieosphere
Boil;” The.m gnitude of the dlfferences betueen mltrate ane amncnium—
induced pH angcs varied ‘with' the pH of the original soil The

more acid e origlnal PH, the greater the difference.

in addition to the pH changes Rileyvahd:Barber‘(1970)

noted that the degree of salt accumulation 1ncreased with salt



o

N\

<

concentration ct soii and transpiration rate.  The maximumvnet
”accumulation at 2 ueeks was 5 to 15 times the salt concentration of
nonrhizosphere soii. Barber and Ozanne (1970),.using autoradio—
graphic techniquee, also noted the accumulation of salts around root
'surfaces; They reported tnat the kind of crop and its snecific
’requirements were determinants in tne quantlt) and quality of salt

accumulation.

A major chemical change associated &ith root development
océurs in tne accumulation of organic matter. Harmsen andeager
(1963) found from 120 1000 pPpm carbon in the soil 1mmediately adJa—
cent to the .roots; 120 800 ppm in the surrounding l-centireter- |
thick layer and 0-40 ppm in the more distant remalning soil
| | '~ Shamoot et al. (1968) used plants grown in a 1"CO2 environ-
ment. from the seedling stage to near maturity. Tops and roots'were :
harvested before determination of the residual label in the soil
The magnltude of the ' rhizo—depositxon was directly relat’i to the
_Aextent of root growth and ranged from 25-49 grams of residual organic
debrisvfor each;lOO,grams of harvested root. zThese resultelsuggest-
N that a maxiuum of‘486~4bs of_organic‘matter is deposited per acre

furrow slice‘(544.7.Kg/hectare).

4. Plant rootdexudates
| The‘importance of plant root exudates’as the main factor

in the establishmeut of the rhizosphere effect can be inferred from :

a variety of reported results. Clark (1939) Rouatt .and Lochhead ::

(1955), and Papavizas -and Davey (1961) noted that the magnitude of

- -



the rhizosphere effect was less pronounced when various plant
residues were added to the soil. The masking of the rhizosphere

effect was also noted with yellow birch seedlings growing in the

forest litter gkrizons (Ivareon and katznelson 1960) 1In addition Vel
Rovira (1956d) was able to establish a rhizosphere soil by watering
soil free of plant roots with the exudates of peas and oats.

A study by Parkinson and Pearson (1965), comparing frequency

of fungal development on dead and live roots and nylon. thread,

_provides the needed critical data. These authors concluded thato

- due to nutritive materials supplied‘to the soil. With the nylon

~stimulation of soil micro-organisms by live and dead roots was mainly

}

z

thread, there was little evidence of etimulation. Flora supported

by. dead and living roots differed. These results attest to the

" importance of plant root exudates as the controlling factor in

microbial stimulatiOn ‘within the rhizosphere.

| Pearson and Parkinson (1961) and Schroth and Snyder (1961) -
determined the- region of amino acid exudatiod. Working independently,.
these authors grew sterile bean seedlings from pre-emergence on

filter paper. After tracing the seedling root pattern, the seedling

was removed and the filter paper developéd for the presence of

ninhydrin positive compound They - both reported’ that the nost

active amino acid exuding‘ one. of the root was just behind the tip.

‘No éksi:ii/éxperiments_designed to determine the exudation,zone of

other compounds.have been reported It 1s not illogical to. suspect

© that the tip region ‘may also be the major exudation zone for many

othe%*compounds.



A. Quantity and quality of root exudates

Katznelson; Rouatt, and Payne (1955)preported that a wide
variety of amino acids were liberated by plants. Rovira (1956b)
etudied the roothéxudates of peag and oats at two ages. He found
quantitative and qual?tative differences in the 27 amino acid and
' relatdd compounds detectedi Results from thevcarbohydrate analysis
indfcated glucose and fructose were released only during the first
10 days.

Rovira and Harris (1961) examined severalvplants for

vitamin exudation. They found bilotin was the only vitamin release x

in appreciable quantities (9.1-16 nanograms/ml concentrated to‘ﬁ,g'k
* plants per ml). Pantothenate andlniacin were also present. along
" with tracea of thamine‘and riboflavin.

Rovira (1962) prepared a comprehensive review of 1iterature
containing information on the exudation products (amino acids
vitamins, organic acids, sugars, nucleotides; flavonones and enzymes)
of plants. This covered a wide range of conditions, techniques and»

plant types. For specific details of the  literature prior to 1962,

* ) .
readers are referred to this article.

Slankis et al. (1964), in a study with white pine seedlings
grown aseptically for 9 months, eyamined the root exudates following
" an 8-day exp05ure to IACOZ They found 9.825% of the 8upplied activ-
| ity was exuded and that this activity was incorporated in 35 different
compounds. These authors were ahle to identify only 10 of the com-

'pounds. The list of. identified compounds included malonic acid 2 hfg'ﬁ
present “in the highest concentration, and five other organic aclds,

s



voxalic acid, malic acid, glycolic ‘acid and eisaconitic*acid In
addition, two sugars, glucose and arabinose, and two amides
.glutamine and asparagine, were iden?ified

Similat‘experiments with a variety of legume, cereal and
vegetable ctopsfhave been conducted by Vancura (1964), Vancura and
Hovadik (1965) and Boulter et al. (1966). All of them report the
telative prOportion of various anino acids, sugars and organle acids
present in the exudate of plants grown aseptically in liquid or sand
culture. -

Millpr and Schmidt (1965) investigated the root exudates
of beans aseptically grown fof>24 days in soil They found that the

1.0 to 2.4 mgm of amino. acids exuded per plant was distributed .7””

between 8 to 10 amino acids. , ) : o by

Ivarson ‘and Sowden (1969) went still further,and examgsied

. . of :
the amino acid composition of field grown grass rhizosphere seil.

They reported that the amino acid concentration was grggte'&”n the

Soeard

%?@t extract

':’,s extracted -

rhizosphére soil .and that the ratio of amino acidsifr@@

and rhizosphere.was different. The variet) of a %

oo e,
in this study was similar to that reported by \ﬁlle""'
(1965) and Rovira (1956b), with aspartic acid, thr@fi;1“.

» serine,

vglutamic acld, gl}cine and alanine being the more prominent 'Spakhov

\ o | , ' ‘;t

and- Spakhova (1970) also examined field rhizosphere but were . %?v

interested in a varilety of 40-)ear—old trees. The major limitation
%
of their data is- the assumption that all soil in the zope of major

feeding root development is rhizosphere soil As a result, no control

8011 data are available. In the'rhizosphere of pine, they detected

J
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| | - ! 7
the presence of the carbohydrates sucrose Y 4 xylose and the amino
acids wvaline, glutamic acid, arginine and cystine plus cystéine.
The quantity of these varied independently and seasonally. Also

.. present were oxalic and tartaric acids.

B. Major factors influencing root exudates

)

a. Light: _Roviré (1959) studied the’éffect of different
light intensities on';he‘amino acid exudates of aseptisally»grown
tomato and subtérranéaﬂ clovgr. iﬁ general, greater e#udation
oécurred at higher light intensities, although specific qualiﬁative
differenéeé’wére noted.  With clover,.serine,vglutamic acidiand
alaniné concentrations were greatly éeducéd'with‘déc;easingvlight
intensity.‘ Serine énd alanine concentiation fn tomdto exudates
increased with"de;reasing ligh;; while aspartié acid,lglutamine,

phenylalanine and leucine decreased.

I

b. Moisture: Ratznelson EE.il' (1955), in a study of
several ﬁlant varieties (wheatr, barley, ﬁomato, pea and soybean),
noted -that desiccation followed by remoistening produced a substan-

tial iﬁcrease in' the amount of material exuded by the plant root.

c¢. Temperature: Rovira (1959) studied the rootvexuda;es

of oats and tomato grown under different temperature conditions. He

found that”tﬁe'amount ofvcxud?te pér unit root Qeight, in particular
_ o
giptamib acid ané asparagine, igfreaséd rarkedly with temperature.
In édditioﬁlgigkhe»quantitativc changcs, the balancgvéf amino écids.
was aldered. >1t éhoul? be nofed’that,fcgél plant‘yie;d'alég‘

decreased under the cénditicns for the increased root exudation.

Husain and McKeen (1962),'1n a study of strawberry root exudates,

11
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A

noted that glycine, threonine, alanin
' \ - . .

!

e; serine and tyrdsine presenﬁ"
j .

in 5° and 100 C exud;tes, vere abségé in 20° énd 30° C exudates. In
addition, topal_quantity of aﬁing acid.gxuded decreaseé with incregg?
ing temperature. :;',‘Examinat}on of the carbohydrate exudates indicated
glucose present aéﬂloo and ZOd‘C, but not at 30° C. .The.bppqsite
effect Qas "‘n'oted ;:ith galactose. | |

Vancura (1967)‘.1h additig;\:; noting that amino acid and

sugar exudaticn by cucurmber and maize increased in propértion to

temperature, noted that subjectiﬁg plants grﬁwing-at‘a favourable-
temperature to 3 dgys of lower.t%pperatufe,increased exuda;ioﬁvand . !
produced qualitative changes in the exﬁdate.

The previéusly ;ent%oned studie§ have dealt ﬁ?th aSEpticaliy”
grown planté. ‘Ivafson; Sowden and Mack (197Q)-studiéd amino acid
ébmpgsicién of brqme‘grass and oat rhizospheré soii main;ainéd'atv

differeﬁt temperaturqé. In fertilized plots, the quantity_of arino

mem

acid in the Bfome grass-rhizosphere soil was greater at 30°c tﬁan ;t
10°C. The 'reverse occurred in,unferﬁilized’plotg. For oat rhi:o—'
Bphere.soil,'the effect of increased tééperature wés'toviﬁcrease
 total amino acid exudaticn on fertilized énd'unfertilized:ﬁlots. The
. , . v v

increase was greater on unfertilized than fertilized plgts where, at

. some growdlstages; the amino acid exudation at 10°C was greater than

-
s . . . -~

at 309C;
- " From the aioreﬁentioneé studies;vit may be concluded thét

q;alitative and quanfitatife'fhénge; ©ay Be'expocfed'with different

A, growth témﬁeratureﬁ;».The'mﬁgnitude and direction Qf,change'ié,

however, not predictable as.it is influenced by the kind of plant and



¥ 2 nutrition of the glant.

d. Nutrition: In an original study, Rovira (19595 wasﬁ
unable to detect consistent effectg'og Cgiﬁges in calcium nﬁtrition |
_onﬁthg.exuda;es froﬁ clover, tdméto éhd,phalaris grass. AgTihotri
,(19 4 ) foﬁnd thaf foliar urea;applifation.produced'aﬁ inc;eaée in
the émino écidvcomposition of the plant. This could significantly
influence the:quantity and quality'of plaht fogt exudates..

Bowen (i969)'studied the effect of nutrition on amidg and

<,

aﬁing acid exudation of Pinus radiata. He noted large differences

4 .

in' the different nutrifional solutiéns;lwith most marked effeét

occurriﬁg;in the 2-4 week exudates. The greatest loss occurred in

‘the'phOSPhorusT deficient'?lant, while .the least loss occurred in

W
N

B

LN

‘the nitrogen-deficient plant.

In a study of field grown ocat and brome grass rhizosphere

soii, Ivarsén,‘Sowdén and Mack (1970) noted that an increase in soil
fertility led to-a large increase in amino acid concentration in the
o » S . .

rhizosphere soil. For brome grass, this was primarily due to

 increaseﬁ aspartic?acid, asparagine, glutamic  acid’ and valine exuda-

&
“tion.

« . - . oL . .

- All of these»reSUlcs suggest'thgt ihcreased soil fertility,
which generally'in;reases plant growth, will 1ead to.inéreascd root
exudation.

1 . ) ) 3

ye;,”Plant growth étége: Rovira (1962) stated in- a. review

1'art1clevﬁhéﬁ debris probably becomes more important as an energy

source for miérobial-stimulaticn-as plant age increases.  In the

early stégeé£§f;plént growth however, root exudation is the major

AY

-
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- factor-in establishment of the rhizosphere microflora.

3 Vancura and Hahzlikova {1972) studied the exudates of a -

variety of getminating seeds and 12- to i&—day—old seedlings. With
“the exceotion of wheat, a E:eater proportion'of total nitrogen *
content in -the seed exudate, compared to seedlfng exudate, was

formed Ey protein and peptide nitrogen than by nitrogen of free
ae . , _ _ v

aming acids..: In addition to a greater proportion of total‘nitrogeﬁ

—

resent as free amino acidsv/seedling exudates also contained

a gredter quanti@y of reducing/g/épounds
Vancura and Hovadlk (1965), in a study of tomato ard

pepper, noted quantitative and qualitative differences between root

exudates collected at two growth stapes (initial and fruiting).

Generally, the ekudatesconcentrationbwas lower at the fruftingv

-

stdge..

-

Ivatson, Sowden and Mack (1970) stodied amino acid compo— ffrA

Bitioa.of rhizospﬁere soil’collected from fields of oats. They
found a strong relationship between amino ac1d concentration Lnd :
ﬂstage of growthl The high value recorded at the thlrd leaf stage

decreased at the fifth leaf stage, then increased again at heading

¥
~ 4

Concentratlons ranged from 1- 19 rgm per gram of: dry rodt or O 1- 2
mgm amino acids-per plant. fﬁﬁain variabili;y in quantity and quality
of exudate was the rule rather tﬁad the exception. u{

f. Piant‘geneticsz Vancura and Hovadlk (1965) foilow ng

a study of the exudates of'a variet\ of plants, noted that the less
..Qlants are,reluted phylogenetically the greater is the difference in

the cohpoéition of the exudates. Subba—Rao_gg_gks'(i962),,studying"

T .14
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tomato variet}es suscept .ole and ‘resistant to Vertic1llium &

,alboatrum found that a greater quantity of material. was released
over a fixed ‘time period by susceptible varieties. Unfortunately
© the quantity r:leased.was.not consistently correlated uith resistance
or susceptibility.A Therf was,ihowever; evidence of fair y consistent

. varietal reactions, and closely related varieties behaved similarly.

Buxtoé (1962) found ‘qualitative diffe eng;s in the aninb
~acid exudates_qf Fusarium-suspepsihle'and resistant banana yarieties.

Of eighte amino acids detected,‘thirteen were common to both
t

varieties. In addltlon, a greater’ carbohydrate quantity was detected
'in the susceptible variety exudate.
-From these data, it is evident that genetic differences

‘ may"have a signifi- ant effect on the quality andvquantityfof;plant
. A » .‘.‘ . ) :

root exudates. : ‘ : o ‘.,ja«7p

i

5. Root influence on the soil flora Y
The nns; repeated rhizosphere effect that has been

' reported is an increase in the xiable cell count.‘ Table 2 taken

—_——

from some work by Katznelson (1959), indicates the gnitude of B
this effect.. Results by Rouatt et al. ¥1960) indlc:E

“for soybean and barley. - ) [ - ‘<if”

A, Magnitude of the rhizosphere effect

The bacterial flora appears to be‘stimulated to the .

greatest extent with the rhizosphere soil count to control soil

Bl

count (R:S ratio), being a50ut120 (Katznelson,~1959).‘ Lesser effectsl

/,

Lare generally reported for fungi and. actinomycetes but . the varia—

bi%;ty is very large. For his studies‘with_poglars Shipman (1957)

' . . . ¢

e similar_values

15
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¥ Table 2

Micro—organisms in rhizosphere of wheat seedlings and in control soil

(Katznelson, 1959). : | xW
. : ;
Numbers fAvg. of._5) | :Signifieance
‘0rganisms Rhizosphere Cogtrol | Diﬁerche*
Major groups
Bacterfa  ~  1,120,000,000 50,000,000 L+ 1%
~Actinomycetes | N‘38,000,066‘ "5;000;000 -+ o i“
'fungi ' | | | 1,160,000 120,000 +
Protozoa 2,100 . 9,000 o+ 57
Algae o ~3r4,500 2,600 n.s.

"% Paired t-test
' 7

reported that an increase of 2.3—fold was required to be’significantu

at thc 1% level His R:S ‘values varled from 1l to 19. 1Ivarson and

"y
R

.Katznelson (1960), working with yellow birch, reported{greater R:S
values in mineral than in organic soil horizons. This agrees with
fhe work of. Runov and Zhdannikova (1960), who state that "the ncorer
the soil'the more sharply.is the rhizosphere effect expressedf" This
\statement is supported by values.reported from'aquatickenvironnents

F
B{S 100 (Coler and Gunner 19695] and sand,dune environments [R S‘

130 (Hassouna and Wareing, 196&)] kebley et~al (1957) reporte. R:S
values varylng from 1500 to 15000 for plants developing in a sand

dune cnvironment : S - : .

Obviously there are many factors that will‘affect the

i

r
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‘'with age over the iOfday exberimental{perlodr This is further

M \ Ry
4 3 ».
magni tude of th rhizosphere effect vsuch as plant type (Starkey,

1929a; Balicka, 1958), plant genetlcs (Lochhead and Cook 1961;
\

‘Timoninf 1966 ;), and stage of development (Hormby and Ullstrup,

r

- 1967; Louw and Webley, 1959a)

B. Initiation and seasonal fluctuation of the rhizosphere

Rovira (1956a) conducted‘some‘of the first experiments”

designed to dece:nine the rate of rhizosphere development. Seeds

)

were éerminated and grown in sterile sand. HéQwas able to show a
 rapid_an&?selecti#e multiplication of the seed flora during the.

" initial stages of germination, and on the root immediately after .

z

whiie in oats

emergence.'- togato, young root halrs were free from bacteria,
» ev

2 T ki

n\ voung root hairs Supported large numbers of
organisms.

B%‘sampling seed, emerging roots and more fully -developed

roots at 3-day intervals for 17_days, Rouact (1959) was able to

characterize and follo& the rhizosphere development of wheat. All |

effects noted at 3 days were maintained or exagerrated with continued
. v

plant growth. In additign; he found growth rates of 3—day isolates

Y

were‘greater than those of control soil isolates. - The increased

growth rates for rhizosphere isolates suggest at least one mechanism

for rhizosphere establishment and bacterial selectivity.‘

" In a study of fungal colonizatidn of bean and cabbage roots,
Parkinson gﬁhal (1963) reported results similar to those reported
for bacteria. 1In these experlnents, while there was no fungal

.deveiopment before day 2, the percentvroot 1ength eolonized increaSgd

Gt
[

~
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evidenced by increased density from root tip to crown.

Starqu (1929b), after studying a variety of plaﬁts,
repdfted that the plant effect increases with age of the plant and
reaches a maxirum at the peak of vegetative growth. Shipman (1957),
in a quantitative study of the rhiiosphere of/yeilow poﬁlar,‘found
maximum bacterial and actinomycete stimulatioﬁ occurred at bud:

v o 7 . ‘ » ~
break. Ivarson and Katznglson (1960) reported zilincr01§e in the

. rhizosphere effect, hased on total count, of yellow birch frem bud

(™ 4

break. onward.
~////f' Parkinéoh and Thom?s (1969) studied the rhizosphere fungi

of dwarf bean at differen; growth stages. Using m§celial length

measurerents as an' indicator of activity, they found lergth increased

with increased végetativc frowth and decreased gmarkedly at senes-
\\Ecnce. Comparison of mycelial length data with soil respircmetric
' i : . ‘ : : .
data showed that both techniques indicated similar trends.

videcd and referred to indicate that the
, .

1 : . -
rhizosphere effecdt is very quickly established. This effect Increases
to a maxinum at the tinme of maximum”vegetntive activityv., It is

N o '7zh£ examples pre

worthwhile noting that the ﬁditern of reoot exudaticn is not unlike -
. S } - - o . )
the patiern of rhizosphere activity. = ' ; _ ‘

- B

C. Taxoncmic ond merpheleonical chiénges

a. Morpholeyical ch;uvcgfin Lacterial flera:  Starkey
- (1929b), in a study of the organisws associated with suypar beets,
N . . X - ) e

A

. ‘ ) ' ‘. o b ".“’.- .
. alfalfa, field corn, < gplant,. rye and apple’ trees, reported that the

o
o 7 :

grac-négative rods vere stimulated By Toot presence to @ groater

¥

extent than any of the other groups studied.” Lechhicad (1940)

'

18



re—affirmed this by noting that gram—negative rods were proportion-
ateiyiincreased, whil¥ grao—positive rods, eoccoid rods and spore—
formiog types were less abundant.. Lochhead also hoted an Encreased
incidence of‘chromogenic types and motile forms. rStimulation of
gram—negatives has been noted ih‘several other studies [Kingfan&" .
- Wallace 61956), Rovira (19§6a) Vasantharanjan and.Bhat (1967)]. . _/
| Webley et al. (1952), studying piaht sUcceasionyon a sand
dune,'hoted that gram—negative.rods did not appear to be stimulated

by root presence, as occurred with,agrieultural crops.  Instead,

organisms having affinities with Corynebacteria, Mycobacteria and

Nocardia represented more than 50% of the organiiii/fgpm control

soil, rhizosphere soil ané_root surface. iy
In’a studf of Douélas;fir'myeorrhizal root rhizosphere, &
Neal gt_al. (1964) found; with one‘exception, approximateiy 45% of
rhizoaphere isolates to be érah—positive. This ¢ompares with a ranget.
“of 13 tovBOZ for agricoltural cereals. In addition,.coccibwere
isoiated only from the rhizosphere.:

b. Taxonomic changes in the bacterial flora: Brisbaneﬂﬁ

and?Bovirah(19§1) attegpted to apply an affinity groupihg (a modifi-
cation of the‘SimilariQy'Indek'of Sneath)-to rhizosphere isolates.
They found that the.isolates formed 2 spéctrum rather than'a'seriea
of‘distinct groups of organisms;o They feltxthat onerof the main
limitations of - this approach was in the selection of appropriate
tests. In an extension of the. same study, Rovira and Brisbane (1968)
found that an incorporated‘ecological test (the ability tohestablish

at a high level on wheat roots) became’ a primary charaéter in the
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dichotomous key they developed from the data. lﬁk Chi values
"calculated showed that this ability to establish on roots was sig-
‘nificantly aSsociated with many characters; Thus the split based
on an ecological test, results in groups which are homogeneous.
'Skyring and Quadling (1969).also tried to group rhiiosphererand soil
isolates»using}a numerical taxonomic system. They were unable to.
‘demonstrate.a clear differentiation Between.these organisms.

| " Clark and Smith (1949) noted that the preportion of
Bacillus incréﬂ~ed with age of pea and oat roots and that there was
: , A
‘a selectivity within the subgroups of aerobic. spore formers. co.
Subgroup{I (sporangia not definitely swollen, gram—positi\e)
decreased, while Subgroup IT (sporangia swollen by oval.spores, gram
variablejgincreased iromlcontrolvsoilif ROuattuand Katanelson'(l961)

- .

vreported that Arthrobacter bredominate'within»the soil,‘while

Pseudormonads predominate within'the rhizosphere soil.

7

Leval and Remacle (1968) noted an increase over centrol

s8oill in the proportion of Arthrob acter and Achromobacter and a

decrease in the»proportion of Flavobacteéium and Pseudomorads wi&hin )

the.rhizosphere of Sesleria caerula. These authors (Leval and

Remacles, 1969)>a1so’reported for poplar rhizosphere, a2 decrease in

R

'the proportion of Pseudomonads with increasing plant age.

IS

,Oswald and Ferchau (1968) stuoied bacteria associated with
mycorrhizal and non—mycorrhizal roots of coniferous species.

'Members 6f @ﬁe Bacillus Pseudomonas and “icrococcus genus predom—

s

RN
’inated. Of the 51 species 1dentified 22 were ssociated onlvaith
. ‘./ v . ’

mycorrhizalfroots and 7 cnly with_non—mycorrhizal_roots.

-3
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As with other root-induced chaﬂgés, it is apparent that
the. taxonomic changes reported within. the rhizosphere are reasbnably
specific and influenced By several variables.

c. Taxonomic changes in the fungal flora: Chesters and

.Parkinédn'(1959)‘c6mpared the fungal rhizosphere flora of oéﬁs with

that of the coﬁfr@l soil (Table 3). Eﬁamination_of this table

Y
¥

Table_3
Majof groups of fungi.isolated from the rhizosphere during the life
of oat‘plants. '(ReSults.éxpressed-as'Z of thé total number of » '

‘isolates at each isclation time) (Chesters & Parkinson, 1959);

?

STAGE
GROUPS =~ . - Young  Mature  °  Senescent
Rhizo-  Soil Rhizo-  Soil Rhizéé Soil
sphere .. sphere : sphere
Mucoraceae : 25.0  40.0 264 . 27.0 . 6.0 - 33.3
Mortierellaceae S46.425.6 26.8° 37.8°  10.0  25.0
Fusarium S 0.0 5.7 4.8 "1 2.7 22.0 . 5.5
Sterile White 8.3 0.0 2.4 0.0 0.0 - 5.3
mycelium _ RS
Sterile dark 0.0 0.0 2.4 0.0 8.0 2.8
myceliun » ‘ T . :
Ascomycetes 0.0 5.7 7 2.4 0.0  12.0 0.0
Sphaeropsidales. -~ 0.0 0.0 9.6 0.0 0.0- 0.0
Dematiaceae’ 0.0 9.0 4 0.0 0.0 14.0 0.0
Others 22.2  22.8  26.8  27.0 28.0. -~ 36.8.

: ‘ v S S ‘ .
indicates that there are specific changes in the microflors that are

reot-induced. Similar root-incduced changes have been reported by
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other investigators. Peterson (1961) noted that Phoma sp. were

dominant in wheat root systems, while Trichoderma was dominant in

¥

.

soybeans., Parkinsqn et al. (1936) noted that Fusarium and-

Ei}indfocarpon appeared to beéome established in the rhizosphere of

dwarf beans and‘barley; vhile antierellé'vinocea and Penicillium
. . \/, N R
showed a decrease in incidence with age. Cabbage differed in that

Fusarium never became a dominant species.
Katznelson et al. (1962b) studied the mycorrhizal and non-

mycorrhizal roots of birch seedlipgsfﬁfTheir data indicates'that.

Pythium , Fusarium and Cylindrocarpon predorinate on non-ﬁycorrhizai

roots, while Penicillium and Mycelium radicis predominate on.
mycor:hizal roots. Kubikova (1963), studying ash rcct surfaces,

reported that Cylindrocarpen radiciccla formed a predorninant

component of the surface hycoflora;v

.From the above-mentioned studiés,uit‘is_OBQiogs fhat theré:
are very spécifié changes in soil myéoflpra that are :Qog—inducea;
if'is élso obvious-thaf the changg tﬁqt oc?urs is in manf ca#eé .

unique to a certain plant type.

D. Changes in individucl and population activity

It should be emphasized that most studies concerned wi;ﬁ
.the activity,ané physiclogical capebility of the wicroflore have

and

-
y

1]

“been centered on-the bacteria. -In several cases, actinomycete
bactéria are grouped, with little consideration given to separating
the group activitjes. The lack of physiolopical characterization of

fungl has resulted from the mycolegist ewphasizing a taxonomic

approach. Fungi, because they have a large gene peol,-are also
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the reduced interest in their metabolicclipitations. L
_ ] d-‘&%“n' ‘%
The only paper applying -a physiplo cal characterizatiw&

J .

to fungal rhlzosphere isolates (Chatteria' aqd Nandi 1967) 3uggestéﬁ
L

that legumes stimulated phosphorus solu' ZQ%SYwithin the rhizo-"

'sphere.. Addition of insdluble phosphorus also stirulated the
i Sl e ‘

fungal phosphorys solnbilizers. Phosphorus solubilization is

]

brought about primarily by the action'of various organic'acids_(i.e.
2-Ketogluconic acid). ;/ o ' - ‘

Abraham and Herr (1964) studied the rhizosphere actino-

\

mycete flora of soybean and corn rhizosphere soil and non-root
influenced contfol soil They found that significantly more of»th;
rhizosphere Qsofates were capable of starch hydrolysis and that the

percentage within\soybean wasisignificantly greater than that within

A\

corn rhizosphere soil. No differences in ability to hydrolyze

ol

celldlose liquify éelatin or reduce nitrate were noted Kaunat and
‘:Bernard (1969) reported that all of the actinomycete species in the
rhizosphere of fifteen\cultivated and wild plants Were capable of
‘liquifying pectin gel;'_No similar evaluation of organisms isolatedc
fron cantrol soil’nas‘made. B ‘n

Although rather limited the above-noted references are
the only reports found that dealt with fungal or actinom)cete rhizo-
sphere soil isolate physiological capabilities.v Of necessity, the ;

remainder of section "D” shall deal only with the ph}siological

capabilities of the bacterial flora. _ o : e

h

b

a. Growth rates Lochhead (1940) reported that the

23.
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_rhizospﬂere containgd a higher percgntagé of organisms‘wﬁich develcp
weil on nutrient agar. -Rovira (1956c¢) feported that isoiatés-from
;Fhe rhizosphere generally grew more prolifiéally.(determined by
optiﬁal densitylréadings) than soil isolatés when placed on-similar.
"media. The mean response fo root.exudate by rhizééphefe isolates
’;,was 1.6 turbidity units and by éoii,isolates 0.8 turbidity units.
Roa?tt.and Katznelsoﬁ.(1957) reported thét the trend is to an
increase in numBer.of rapidly growing formsvin the rhizosphere of
-all plants tested. Théy did, h0we%er,‘note a gfeat deal of variation:
dépeggent‘upon fhg'plantﬂ Rouatt (1959) noféd tha;,thisvdiffereﬁce
in growth ;éte between soil’ and rhizosphere isQlages‘Qésvévidcnt‘3

days_after seed germination.

-

b. Nutritional requirqmcnts: Tﬁe nuFritional‘cléssifica~»
tion of soil bagteria wa; introducéd by West aﬁd Lbéhhead’(lQ&OZ.
1In the ériginal work maximum growthzﬁas used és an indicatien of a
speciéic:ﬁee&.;;A‘basal medium,»containing onlky glﬁcose and inofganic
salts,'was-amendéd with yaribUS'organic‘constitucn;s (amiﬁo acids):
viiamin; éﬁd_yéast'extfdcf) ﬁo produce four media bf_increaSing
COmplcxity. Bac;cria‘from fhe‘rhizosphérc of flax and tobacco Qeré
found to pb?sess'more complex hutfi#ionalvreQUiremcnts tﬁan isclates
“ from the corfgépoﬁding gontrol soils. ']n thiS.CHSé,.LhC rhizosph;re

lcffpts to a.

/ s .
L and Thextop
'~ " J N

isclates responded to amino acid nﬂg growth {actor syp

greater extent than control seil isolates. Lechhea

: i ‘
. ; e e . QA e
(1947) redified the oripinal media for a study of nanyel thizespiior

R ]

soil isblatcs. They reported that the preportien of isclates

capable of maximum.provth on simple media (glucese and amine acid .o ﬁﬂﬁg

-

. e, .

o DTS aERil g
Y 5. a{’iﬁ'
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additives) increased within the'rhiéosphere, whereas the proportion

of groups requiring complex media (yeast and soil extract additives)

-

o w
decreased from the value in the soil.

Timonin and Lochheadl(1948), in a study of distribution of
‘micro-organiSms within the rhizosphere, noted that organisms®

requiring amino acidsfor maximum growth were more numerous in root
_ 4 el : v
- %> A .
sections further from the base of the stem, probably in the root tip
. . ? )
region.

Wallace and Lochhead (1949) studied the rhizdsphere micro-

flora of six different agricultural crops at two stages. They also
; . /
reported a larger proportion of rhizosphere isolates with simple

nutritional requirements as compafed to soil isolates. Soil

_isblétgs,coﬁtaingd a greater p5§ééf;iod of organisms‘with”complex__
ﬁutrient‘requirements; After a more deﬁailed s:udy with the amiﬁo
acidrféduiring:organisms,-Wallaé; and Lochheéd (1950) réportéd that

- the Sulfur-coﬁtaining'émino‘acid grodp, and.methiﬁnine in parEiFuLar,
was required by the majority és.é Sfﬁplement for maximum groﬁghw
These amino acids have only been found in very sﬁall'amouhts, if at
all, in root exq&ates of a largé number of pléntsf |

‘the rhizosphere and

Wallace;ahd King (1954) éxéminedJ
control. soil micfoflora from fieid'érown oé;s and bajley at two
stages. - Folldwihg-statiéticai analysis'gf the data, they conéleed
that root exéretidns ;n the rhizosphere héd little.or‘no gffect on
thg equiiib;ium of'thélnupritional groups; In régponse to thic rﬂ'k,
Lochhéad\an&“Rpuatt (1955)ﬁ¢ompiled a 1ist‘of data frdﬁ all similar

W

’ expﬁgiments carried out at Ottawa to show the consistent preferential

.
5
B

2 S
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stimulation of organisks requiring amino acids for maximum growth
within the rhizosphere. R&UEffﬁgE al. (1960) went further and
carried out a statistical evaluation of data collected in a study of
isolates from wheat, barley and soybean rhizosphere. Again, they
noted a signif{cant increase in the propertion of bacteria requiring
amino acids for optimal growth witlhiin the rhizosphere._'Skyring"ahd
Quadlivg (1969) reported that rhizosphere isolates were generally

i A e o
ICSSudémanding nutritionally than scil isclates.

It Qopld»appcar that, for agricultural creps, the rhizo-
sphere nmicroflora centains an incressed prbpoftion‘of amino acid-
requiring ‘organiszs as corpared tc. the non-root-infiuenced soil.

'ﬁ( ' - ) e
Several studies have been conducted with forest vegetaticn.

Ivarson and Katzneiscn (1560) indicated that isolates from yellow

birch rhizesphere in a soil horizoh containing 17% crganic matter:

were not nutritionzally differé@t from control scil isclates. The

~

)

‘other authers for other crops, were evideat in a soil herizen con- '

faining less ;han 2% organicbnatter. Tﬁis“observation is probably
the direct regu}t of the different crtanic centents. Rouatt and
.Lochheqd.(]955),reyorted ;ﬁat the incorpcfation cf.plagt.ma£erial ;n'
the soil produced-a»Soil.flora»éi:ilar in nutritienal ‘requirenent fo
that of'tfpica] rhizésphére'flé}af ' o o

‘Katznelsén et al.. (1962b) compared nwveerrhizal and non-

mycorrhizal reoot rhizospheres of vellow birch.  They noted an

‘Increase in the incidence of erguniscs with ¢ompléx nutritional

‘requirements on the myeervhizal reots.  The majority of isolates
' o ‘ . .

K

differences in requirement for:sirmple and corplex media, reported by ¢

26



;__grodth.

S

from both roots (64-67%) required amino acids for optimal growth,

Leval and Remacle (1968) studied the‘thzosphere flora of

a native grass. They also noted the selective qminulatlon within

_the rhlzosphere of organisms requiring amino acids for optimal

>

..

From the preceding review of the literature the selective
Lo ’.

-

. strmulatlon areupd roots of an amino ac1d requ1ring microflora could

almost be con51dered a un1versal characterlstlc.

c. Phy31olog1cal Cﬂpgbllltles' It is in the 1iterature
!

‘deallng with ‘the phv51ological capebtyitles of the rh17osphere

mlcroflora that the greatest confusion exists. Much of thi§ is the

résult of dlfferlng methodolog). To provide a proper base for com=

P
7

parison in the section that follows, an indicatlon of the methodo]ogv

is 1ncluded° '
n

é§) Ammonif 1c tlcn. -In a2 study of mangel root flora,
RE : ' '

Katznelson (1946$’noted'an effective stimulétidn'of ammonifiers

within the rhlzosphere of the older plants. He emploxed ‘a most

probab]e number (IPX) technlque for thls stud) -The data (b@y) of . -
: n

\

Timonin and Lochhead (1948) suggested a proportidhal increase in

émmohifying orgahisrs within the rhizosphere of tobacco with increas—

ing plant age. Katznelson and Rouatt (]9§Za), in a study of wheat,
oat, rye ard barley rhizespliere (MPN), demonstrated a stimulation of

amronifiers. The ragnitude of the “increase was. variablew Although
no rhizosphere to scil total count ratios“were presented, it would

appear that with'tkz excepticn of oats, the magnltudc of stiru] tion

would be grtater than that for. total ccuwts and thus a proportional

"\
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- of probability. Each variety was also significantly different froy

increase in the ammonifyinglpopalatioﬁ} Individual 1isolates from
.. \ .
this sampling were also characterlzed anq,ag/in with the exception'

of oats, the authors demonstrated an 1ncrq£se in the percenta ge of

\
isolates capablc of ammonificatien. In this ‘study, the data

:obtained, émploying a most probable number technique (}PY) and an

.

individaal‘isolate characterization, are directly COmﬁarable.
Rouatt}sﬁ_gl, (1960) demonséfated a sti%%iation of arroni-

fiers (bTN) within the rhizoaphere of wheat which :" significant

at the 997 level of probability. 'Using a simiiai‘techaique, Rouatt

(1959) had noted‘tﬁié stimulation on the roots of 3—da§—old seédfc‘

lings. Neal et al. (1970), in a study of the rhizesphere of three

~

wheat varleties, noted a stimula tlon of the amronifving population
o :

that was significantly different %rcm the control at the 957 level
, : -2V ‘ . L

L~

the other varieties‘

t

tudles employing forest spcc1es are less cormon. Ivarsogs

~

and hatznelson (1960) noted a StlFuluthn of arwonlfiexs (\m‘{vfithin

the rhizosphere of.yellow birch 7 and 28 weeks after breaking dor- . -

mancy;',Tribunskaya (l955)’répbrted %hat a large number of ammoni-
. P ad

'
N

fiers were pncsent in the rhizosphere\of pine séedliny<

, but thc datav
were not GCOlth in a nanycr that dlthCd a pxopthlonai C“WP&II:O“
with u?ijﬂ soil. Neal et al. (1964), in a chdractorlyatlon Ctucxi
af isolatgs of Dou;la‘—fir wvcorrhizal 1n1¢oqthrL roported that the
proportlon of n@manlficrs decreased fram that of the control'soiiw
Rambelli;tl967) was also_unublc to detect a pfopoftional.incrcaae in

the ammonificrs of radiato "~ wocorrhizal rhizesphere. Leval ‘and
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and RemacTe (1969) reported that ammonifiers were present within the -’

rhizosphere of poplar in very large numbers but did not report

s

_soil values for comparison.

From the material reviewed it wou¥d appear that the stim-

3 ,LE
ulation of ammonifiers, which occurs in the rhizosphere of agricul—
tural cereal crops, is rarely reported to occur with forest

vegetation.

ii) Denitrification and nitrate reductlon Katznelson

(1946) reported that denitrifiers were selectively stimulated (}TN)

k4

in the rhlzosphere of old mangel plants. This was ncet the case with

young; plants. Timonin and Lochhead (1948) noted the same phenomenon
ig tobacco rhizosphere (b?N). King and Wallace (1956) characterizedb
.isolates from the rhizosphere of young and mature oats and batley
‘_plants and found a siénificant stimulation.in ‘the proportion of
nitrate reducers only within the rhizosphere of young oat plants.:a - £
Katznelson and Rouatt (1957a) reported an’ increase in the proportion'
of denitrifiers ih'the rhiaosphere of 5—week{q%d wheat and mature »
. : T . _ .

rye and barley. No increase was notedvforéthe‘oat rhizosphere'(MPN);

Other reports on an increase in the numbé'v%{ydenitrifiers have been

‘made by Balicka (1358) for vetch and rye %md ﬁsy Rouatt (1959) for

jspring’wheat.»‘Neat et al, - (1970) noted‘a stimulation which was sig-

/

45’
nificant ‘at the 957 level in 2 of 3(;@;‘ng kheat varieties studied

‘ (MPN)

more poorly dOCUmented Runov xnb zhdannikova (1960) reported a
large number of denitrifiergyﬁn the rhizosphere of Spruce and birch
i

"\
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Leval and Remacle (1969) &ade a simiiar'observation with poplar (MPXN).
bUnfortunétely; neither of these authérs has provided control soi{
data for éompé:ison." |

Kozlova_g£ 3£._(1§36), in'contrast, reported ver?'io&
number8 pf denitrifie;s within the rhizosphere of'birch, spruce and
Scéfs'pine. 'Egoréva and Raguotis (1968) founa that denitrifiers
were prescnt‘in.greater numBers within the rhizospherg of birch than kk

‘spruce. )

In a study of Douglas-fif ﬁyéorfhiial énd:noﬁ—myCOrrbi?al
rhizosphere isolétes, Neal et al. (1964)'n0ted a general decliﬁe in
dehitrifiéf‘prbbortidn from céntrél seil., Rambelii (1967) reyorted
ﬁo differences detected in déiitfifier proportioﬁ bet?éen control
and radia;a pine ﬁycorrhizal‘rhizospbére. |

Ig wouid appear that denitrifiers are more_éomﬁcnly étir&
ulated witﬁin:the fhizosphere of agricultural créps than forest
"yegétation; This is not altogether unexpected, since nitrate is not
the‘major availablé nitrogen form in;foreét ecosystéms és it is in
agricﬁlﬁﬁr;l'ecosystons‘(Corké,'i958); 

111) Prbteolvsis.v Lechhead (1940), in a»cﬁafacteri;a— : .)I

f tobacce, com

)

and. flax, reported a higher incidence of gelatin liquifiers from the

tion of isolates from control and rhizosphere-seil-
. \\-

‘rhiioéphcre. >The magnigude of the chanﬁe varied vith'plahtvvcriefy
and type. Timonin and Lochhedd (1948) notcd'nn in(rcdéé_in the
proportion of casein hydrolyycr%,(HPS) with inefeusinﬂ foot'agd.
Baiitka (lQSS)lrepoftcd an incycnso‘invproreplytic\flbrn within the

rhizosphere of rve and vetch and Rouvatt (1959) reported an increase

<



in gelatin hydrolyzers“for wheat rhizosphere.

In contrast to.the above, King and ‘Wallace (1956) reported

2 decrease in the proportion of gelatin hydrolyzers in oat and barley
rhiz sphere. |

Remacle (1963) examined the microflora associated with
plant roots found in three soils characterized by mor; moder and
'acid mull organic surface horizons.‘ He found the plants.present inb
the noder and mull stimulated the proteolytic flora, whereas those in
-the ‘mor did not. Leval and Remacle (1969) reported that proteolytic
organisms were present in the rhizosphere of poplar in large numbers,
but comparable‘soil>data were not presented.»

. The general stimulation/in proteolytic flora for a wide
1variety of plants may simply be/:/reflection ‘of the increased

.

microbiotic activity associated with root environments.

iv) Nitrification. vKatznelson'(1946);noted a
numerical increase‘in nitrifiers present within the rhizosphereief
manéels.‘ Comparison of rhizosphere count to soil cqunt %atios:for'.
- .ndtrifiers with that foritotal&flora indicated that, proportionally,
the»nitrifiers were decreased;' Timonin\ d‘Lochhead (f948) presented
data‘from a study of tobacco rhizosphe Microflora that suggests
that the nitrifiersriorned a decreased proportion of the.total
‘compared w1th the control soil microflora. In a study of mulberry,

Vasantharajan and Bhat (1968) reported a 2- fold increase in the

number of nitrifiers from}control to rhizosphere soil. Associated'

with this.was a 13-fold increase in total nunbers, which resulted in

o

- a decreased proportion of nitrifiers.

' §kkozlova gt!el. (1963) reported that nitrifiers were nearly

.
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absent from the rhizosphere of Scots pine, spruce and birch. This
was also true for the surrounding.soil.
The only'exception to the previously reported negative

reoponse of nifrifiers to the’rhizosphere‘is apStndy by Rambelli

(1967). Here radiata pine:mycorrhizal rhizosphere isolates contained’

a higher proportion of nitrifiers than that found in control soil.

v) ’Nitrogen Fixation. Starkey (l929blfnoted that;
for the‘eight\plantsthé stndied tHere.was atimulation of numbers or
organisms capable of growth on nitrogen—free mannite agar. This
stimulation was equal to or greater than that for the total flora.J

Katznelson (1946) found a proportional reduction in Azotobacter ’

k3

’ around mangel roots. Leval and Remacle (1969) found that both

. -anaerobic and’ aerobic nitrogen fixers of poplar rhizosphe

represented a very low percentage of the total ph)siological capa-:

bility, but‘/did not provide comparable control so:.l data.’ s

!

Rambelli (1967) again provides the only reported Exception
“to a decreased proportional nitrogen fixing component Jitth the

rhizosphere, The flora association with‘radiata pine mycqrrhiza .

contained a larger percentage'of.organiSms Capablehofvgrowtb on

; '

nitrogen-free media.

vi§ Metnylone"Blue Rednction,_;Katznelooh and_Rouatt
”(1957a)‘introduced tne,reductionvof.nethyléne bineias'aeoharacteri-
zation'of the rhizoophere'microflora.: Hopefully this could serve as
an indicator of the cxldative capacit\ or metabolic activ1t\ of the

soil microflora.- They found'thevnumber.ofrmethylene—blneﬁreduccrsr

‘Increasec in the rhizospl. ¢ of wheat, oats,ubarley and rye.

B
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Examinatlon of individual isolates from these various rhizospheres

indicated an’ increase 1n the percent methylene-blue neducers only for

.- wheat and barley. Rauatt (1959) demonstrated that the significant
‘ rstimulation assoclated‘with wheat was present in seedlings less than.

3 weeks oldt He used a most probably number ()WN) technique ‘in this

study.

" Ivarson: and Kaganelson (1960) were unable to demonstrate a
proportional increase inéﬁhe number of methylene—blue—reduoers (MPN)
in yellow birch rhlzosphera\soil until the fifth and final root
sampling, 28 weeks after'breaking dormancylA Since. these rcots were
all locatedbwithin”a.soillhorizon:containing a high percentage of

organic matter;'some masking is to be_expected. At 28 weeks, roots

_ that had penetrated the B horizon were sampled. “ Around these roots,
‘the stimulation was much greater (MPN)..”" A characterization of

isolates from the two horizons failed to reproduce the reported

selective stimulation of methylene-blue-reducers within the rhizo-

sphere. : N

~

Katznelson et al. (1962b) reported a greater nurber of

meth&lene-hlue—reducing organisms associated with mycorrhizal than

non-mycorrhizal roots.

vii) Glucose Oxidation. Lochhead“(l9&0);reported a

consistently greater number of isolates, from six plants studied

which‘produced acid from glucose. Klng and Wallace (1956) reported
A :

that isolates from oat and barley rhlzosphere did not’ d!ffer signi-

fican ly from control soil isolates in this capability

Katznelson and Rouatt (1957a) reported a stimulation of



'ﬁ??ﬂ

)
N

~.

‘orgaﬁisms capableeof producing acid from glucose within the rhizo—
. - K ‘ Lo :

:'sphere of wheat, rye and barley, but not oats. Results were the.

- same Mhether the“characterization was carried out using a most’

probable number (MPN) techniqu‘

to detect a selective stimulation of these acid producers.

or a samplihg of individual isolates.

Rouatt (1959), in a study of w__ t less than 3 weeks old, was unable

4

A larger number of? ganisms capable of acid production

mycorrﬂizal than in non-mycorrhizal

‘rhizosphere soil (Katznelson et ai 1962b)

YN

of acid producers within the rhizosphere soil of a varlet} of

desert plants.

viii) Cellulose'Hydrolysis; Katzneléon (1946) noted
an increase in numbers within the rhizosphere of mangels, but this

increase was much less than in total number of organisms. Timonin

.and'Lochheag (1948) reported that organisms capable of cellulecse

hydrolysis.were present in very low nhmbers within the rhizosphere

~of tobacco.

'vRouatt;(1959) noted 'a very large stimulation of these

 organisms in the rhizosbhere‘ééil of wheat seedlings. Rouatt et.al.

{

(1960) found,:with older wheat, that this-stinulation was signifi-

cant: at the 997 ptobébility‘level. Saric (1967) also noted the-
stimulatory influence of wheat upon the cellulose hydrolyzers.
Runov and Zhdannikova (1960) reported a stimulation of
\“‘ .

theig‘organismé within the rhizosphére of spruce and bircﬁ. Koslova

t al. (1963), in contraet, reported that cellulo%e hydrclyzers were

Elwan and Diab (1970k, 1970’0) noted the lack of stimulation'_
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élmost absent from the rhizosphere of birch, spruce and Scots pine.
A similarly low activity was reported in the rhizosphere of poplars
(Leval and Remacle, 1969).

‘The cellulose hydrolyzers have been found to be stimulated

~ in thé rhizosphere Qf Sesleria caerulea,-é grass (Leval and Remacle,
1968). Elwanvand 6£ab (1970, 1970a)_have.alsq repofted‘the stimula-
tion witﬁin'the rhizéSphefe of a variety of desert plants. In the
latter case, thé huﬁetical stirulation ;s 1eés than that for the

total organisms count, indicating the lack of preferential stimulatim.

ix) Starch Hydrolvsis. K;né apd.Wallage (1956)
reporced that tﬂe pércehtage.qf organis¢s»capab1e of.starch hydro-.
lysis decreaséd in‘the;rhizosﬁhere of oats and incfeased in the |
‘rhizospheie of bétley.v Roﬁatt (1959); studving Ehe iuitiéiioq of

d

“the rhizosphere effect.wiﬁh wheat, found,brganisms.capable of starch

£y
-

hYd;olysis were stimulated more tg;n‘any other group of organisms he
examined.-‘Leval.and Remacle,(1968):foﬁnd.hithin gfégs rhizosphere
that the ;bilitynto hydrolyze séérth was nuﬁerically one of‘the mos#
importaﬁt»cﬁafacfefistics tﬁeYﬂstudigdﬂ;‘This‘was also‘truelfor the
rhizqsphere microfibra 6f,popiaf (Levai'and Remacle,.l969).v
Unfoftﬁnately,.inithe'1ast'two ﬁaéers-ﬁentioﬁed n§ comparative soil -
aata ﬁere’présentéa.- o “ d

In contrast,,Neallgg_gl. (1970) found thai thethmber of .
:stafch‘hfdrolyzers in the rhi;osbbere of hheat'incfeased no-more

Y

‘than the total number of organisms

x) Pectin and Hericellulose Hydroljsis. "Balicka

(1958),_in a study of rye and vetch rhizosphere,,stated that excredion
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and exfoliation of roots created an environment faborable for the
. : 1

growth]bf organisms offtbe carbon cyqle. &hIS‘waévespecialiy true
oé hemicellulose and pectin hydrolyéingvbacteria.: Leval and Reracle.
(1969) found that about 17% of the rhizospherevmiérOEIOra ofv;oplar
was capabié of hemicellglose and pectin hydréleis;" |

-

x1) Phosphate solubilization. Katznelson and Bose

L

(1959)vexaminedehgat rhizosphére and control soil isolates for thé
ability to sinbilizg phosphate} Thgy weré unaslé to demonstraté a
'seIQCtive scimulation of this flora. ' Louw and Webley (1959) f;und—
.fhat the number bf dicalcium phosphate sqlubilizers increased

;ithin the rhizosphere of oéts, but théy wefe not preferenfially
.stimuiated. .Sperbér (1958) noted Both‘a nu;ériéal and ﬁropgrtiéﬁal
increase'in phosphate solubiiizérs wi;hin’ﬁhe‘rﬁizosphere of clovét,_
ryegrass, perennial ryegfass and wheat. Do T \:

| Kétznelébn‘Egigl;_(1962a) carried out blafe counts to

determine the number of phosphate so;ubilize;s in control soil and

the rhizosphére and rhizoplane éf corn, réa ciover, flax; o§t§,

bariéy and yelioQ birch'séedlings. 'Only in the case of barley was N
there any indicatiofnr of selécti§e stimulatio. Oats had an

inhibitory cffect. With the o;herbcr&ps,'tﬁere-were'largé anerical
increases ove% the contf§i soil; but no propbrtionai change wifhiﬁ ;

the ﬁopulqtiod, |

| in.addition to thc‘foregoing dctéiledvobservatiohs; variqus
other'authoré (Chunderova, 1964 ; Elwan and»ﬁiab, 1970a; Louw, 19705
-Raghu and'*bcRde, 1966) hhve noﬁgd the numerical-incréase of,éhos-

phate éolﬂbilizcré_Within the rhizospheré, butvfew_havé reported a
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selective stimulation.

E. Biotic processes wlthin the rhizosphere

To this point the literature has. suggested that within the
rhizosphere there generally exists a microbial population with a more
rapid growth rate which is enriched in organisms capable of bringing

] a50ut various organic transformations. .This>trend of increased | -
; organic transformation is most stronglyﬁexpressed‘for the nitrbgen-

() cdntaining materials. .Since the ultimate concern is -the inflpence of

- the nrganism on the plantvproducticn, a prime interest is the signi-

ficance of the biologigg*?@rocesses in rhizosphere.soil,as it relates

J v S : ! '

R\ to observed microhiological‘capabilities. |

ngé Rovi,ra (19564d) establish_ed large. volumes of rhizosphere n
soil h?aadding .pea root eyudates to soil for several consecutive days.‘
The res tiné)degree of microbial stimulation within this artificial
thizosphere was reduced from tle true‘rhizosphere :In the absence of

-I

,Horganlc matter additions, nhe was utnable to detect differences in
/ 1

availability of nitrogen or rho phorus between control soil and arti-

3

;, ficial rhizosphere soils. Phosphorus availability ‘also was' not

'influenced by nucleic acid addition .to the soil When peptone was *

-

added however nitrate formation was more rapid within the rhizosphere

: soil. " From ‘a study measuring ox}gen uptake it was apparent that the
treatment with root exudate did not influence the normal soil O2

5 .. uptake, but the decomposition of readily available organic Substances

(ifffw glucosé) was more rapid.
TE' Katznelson and Rouatt: (1957b) noted greater oxvgen uptake
%

by rhizosphere than by control soil.. In these studies, rewetted
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_aif—dry soile‘wefe used. The authors also observed a wore rapid
response of rhizosphere so0il to the addition of readily available
organic substrates (i,g:; casamino acida).

Guirguis et al. (1969a, 1969b) also noted that added amino
aclids were degraded more rapidly in rhizosphere than in non-

rhizosphere soil. They noted that lag phase was shorter and naximum
. . '

oxygen consumption occurred sooner In rhizosphere than in non-

rhizosphere amino acid-supplemented soils. Final oxidation;"nowever,

was not different. | . | |
The previously mentioned Studies suggest increased activity

within the supplemented rhizosphere and increased ability to rapidly

respond to readily available or anic material. Neal’ et al (1967)

. presented data to- indicate this observation varied with plant type

and was influenced by root condition They found that adding a

'slurry of Douglas—fir suberized root or red alder mycorrhizal roet &

to non—rhizosphere soil stimulated oxygen uptake This effect was.
magnified 1f glucose was added at the sarme time. In cases where
Douglas—fir’mycorrhizal or ted»alder SUberized rootrslurries were
added, oxygen uptake was subpréSsed

Kozlov (1966) noted incre ses in perox1dase polvphenol—

]

oxidase, dehydrogenase and urease activities kithin the rhizosphere
of beet, maize and horse-bean. | *

| The material.presented'within this section demonstrates
that the previously mentioned changes in wicrobial characterlstic:

ass ciated with the rhlzosphere are indicative of changes in

biological activity within the rhizosphcre scoil. -
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6. Environmental factor influence on the rhizzosphere microflora

In‘the preceding sections,_an'attempt has been made to
provide a summary- of the eftect of yarious eny}ronmental factors on
root exudation and to provide a summary of the chzracteristics and
.capabilities of the general rhizosphere microflora. Quite logically,
if root exudates are the major control in the establishment-of the
rhizosphere; factors that affect rootexudation ;mst also affect

. . ’ ) ’
the rhizosphere microflora. This section tries to provide some

-

generai observations on this interrelationship.
A. Lighe ‘
Harley and Waid (1955) noted a dfstinct change in root |

surface flora of beech as light, intensity was reduced Associated

;'with the increased sugar w;th high light zw%gnsity was an increase

jin mycorrhiza formers ‘and a decrease in phytopathogens. Rouatt and

‘Katznelson (1960) noted a reductlon in number of bacteria methylene;

:blue reducers, ammonifiers and glucose fermenters on.roots of plantsv

grown undeér condit}ons of low light intensity. These observations

are notduneXpected in view of the effect of increaseddlignt'intenstty

leadimg to an increased root'exudation In addltion, Coler and

. Gunner (1969) noted that the rhizosphere!carrying capacity of a

water plant (Duckdeed) appears to be‘'a function of photosynthetic

capability. | .

By way of contrast, Peterson (1961) noted that the fungal

-

root colonization pattern of shaded and unshaded wheat and soybean

was the same.




5. Moistere'

Clark (1947) shoued that total microbial content was
vsharply hlgher for rhizosphere samples from drier solls. It was
Ssuggested that this was due to increased root growth. Peterson; ad
Reuattvaad Katznelson.(l965) sludied wheat rhizosphere and rhizoplane
microfleta in soils adjusted to 3@; 60,and 907 of moisture holding
capacity. Bacterlal counts, fungal counts and nucbers of organisms
capable of methylene-blue reductlon, glucose fermentatlon and
ammonificatlon ail 1ncceasedwas 5011 r015ture decreaSéd This also
~ 1s not unexpected in view,ofjincreaSed rpot exddation under dry
cenditions. | | |

Ie additionigo the physiologicalvgfoup changes, certain
taxonomic changes in eopulation cc~p051txon _occurred as a result of

the differentlm01sture condltlons Pseudcnonas predominéte under
= trerias

low and;idtermediate moisture, while Arthrobacter, Bacillus and

' gxtophaga doninate at high roisture. Some‘fungal £roups were

restricted by the high so0il rwoisture level (Hortierella, Fhizopus,

Chaetomium, Curvularia and Helminthosporium).

These authors noted tkat there was rore root halr formation

1n the drler soil. Pearson and Parxinson (1961) noted that maxircum
root exudation occurred within the'région»of rdot hair formatioh It

is thus possible that the 1ncreascd root. balr formatlon is® accocpanied
@

. by increased root exudation and is a part1a1 explanation for the

1ncreased rhlcosphere activiey.

e

» ~

In a stud) of dwarf bean, Taylor and Parklnson (196q) noted

K

that Penici]lium decreased wlth gncreasing moisture, while

4

40



Cylindrogarpon increased in the same sequence They used soil

adjusted to 30/ SOZ and 70% of moisture holding capacity In a v

study of soybean root surface fungi Ivarson and Mack (1972)
'reported that soil moisture influenced the frequency of only one
genus, Cliocladium.‘rThese authors worked over a very narrow mois
range between 70 and 100% of moisture holding capacity.
C. Temperature.' R | (ﬁ\;\

. Rouatt et al. (1963).earried out a'studyiusing wheat ahd -
soybean grown under threetdifferent temperatureiconditions. For
wheat, the increasing temperature reduoedithe rhiaosphere effect,
while for soybean, the opposite effect was opserved. Ihe response
noted for total number'of micro—organisms within the-rhizoephere.at'
’thepdifferent temperatures also held true for the various physiolo-
_gical'éroups examined;‘metnylene*blue.redueers; ammonifiersland
glucose fermenters.‘ With;increasing temperature the proportion of
. gram—negatlve flora in control and soybean rhizosphere soil

increased while withln wheat rhizosphere 5011 this proportion

decreased. These same authors reported that Fusarium and Cvlindro;

- tarpon spp.‘Were the uost frequent isolates from soybean at- low -

temperature, while Vucor Rhizopus, Rhizoctonia and Giiociadium

showed._a greaterﬂincidence at higher temperatureQ Witﬁ wheati
non—sporing.dark spec1es predominate at high temperature and non-
sporlng hyaline tjpes at low temperature.:

Taylor and Parkinson (196&) conducted a similar study on
the fungal flora associated with Cwarf bean roots. They noted

increased root colonization with inereased soill temperature.
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Ivarson and Mack’(l972) in a study of soybean root myco—

flora, demonstrated that changes in 5011 temperaiure markedly

H 4
.affected the relative frequency" of isolation of 12 fungal genera.

LY
In general, Rhizoctonia were more prevalent.on roots at higher
————— e

: temperature whereas C)lindrocarpon appeared to be well—adapted at

lcw temperatures. These results agree with the observatlons of

Rouatt t al. (1963) In Ivarson and Mack's work, the maximum

soybean yield occurred.at the high soil temperature.
Since the plant root exudate quantity and quality has been

shown to change with temperature the above~mentioned results confirm

the expected observation of changes in microbial activity uithin the».

rhizosphere as temperature varies. Maximum rhizosphere activ1ty is

v

generally aSSOCiated with maximum vegetatlve growth thus, the

maximum rhlzosphere effect at higher temperatures for soybean was
: 3 : f\».

predictable AN

Katznelson (1946) noted that manur&lfertillzed soil produced plants

with a more pronounced rhlzosphere effect in the-same tlne period
Absalyamova (1963) demonstrated that fertilization produced, a
greater rhizosphere effect This ‘rvation is not unexpected as

increased_soil fertility leads to .. increcase in root exudation.
_Other Russian workers (Tyutyunr.kov and Pronin, 1965) also

. r - - . :
reported that fertilizers increased the number of various physicle-

gical groups‘of‘micro-organisms'in the rhizosphere 'In this studx

- the fertiliyer that produced the preatest plant )1eld also produced

i

-~
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s
the greatest rhizosphere stimnulation. ,

Loutit, Hillas and Spears (1972) found that molybdenum

fertili&ation,of radish significantly influenced the composition of

the rhizosphere flora. Pseudomonas, Achromobécter, and the’

FlavobacteriumEriwinia group were . proportionately increased

(99.9% level of significance) in Napier soil, while Bacillus was

proportionately decreased (99.9% level of significance) in Hastingy
soil.

’ Fertilization, as expected, leads to changes in magnitude

‘and quality of the rhizosphere effect. The qualitative change is,
however, influenced by several other variables and interaction..

Y
«E.  Soil

)/j Peterson (1958) noted that soil type influenced the nature

of the.fungal'fiora associated with'plant roots. He suggested that
this_obserVe&'effecg.in.the different soils tested was due largely
. . . : ] o 'v \L : ) 4 ‘ - .‘v. .

to the influence of soil reaction.. Parkinson and plark%jbl96l),,1n

Teat N

'5 study of leek foot mycoflora, substantiated@d&;cbservation‘made
by Peterson‘(1958). They fplt this tbuldf‘é explhined by:the
varying senéitivity of the individual root surface fungi to soil
‘reacgion. -Tayiog and Parkinsc 1964, , in a_étuéy‘of dwarf bean
root mycdflora, noted that xu3aripmvare charactériétic isolates

of roots in acid scils, whereas Cylindrocarpon are characteristic

isolates of roots in elkaline4$oil. This s similar to the.
',previOusly méﬁ&ionpd data cf Peterson (1958). Loutit, Hillas and
" Spears (1972) idenﬁified (Skerman's Kéy)/smmc 1500 rhizesphiere

isolates of radish grown on two different soils under identical
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'held true for a large number of plants grovn under phosphorus—

-
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conditions. Taxonomically, the rhizosphere organisms were aignifi—

cantly different. Pseudomonus and Achromobacter were present in

higher proportion in.Hasting soll (99.9% level of significance),

whereas Arthrobacter, Nocardia and Streptomycess were present more 4B

.frequently in Napier soil (99.97 level of significance).

It would appear that thé plant assumes a secondary

influence relative to the primary soil influence in the establishrrnt

of the rhizosphere microflora.' : T '
. . ’ i

7. -Micro-organisrt influence on plant svstems

Many studies of the rhizosphere phenomenon and ﬁts”essor

ciated flora have been undertak n‘to pﬁhvide besic infornatidn. From

this it is hoped will come the understandlng necessary to success-

fully manipulate the rhlzosphere microflora for the - plant s benefit.

What are the potential benefits of any manipulation?

A. Influence or nutrient uptaket\

Gerretsen (1948) provided much of the impetus for these
NG : :
studies by demonstratlng that phosphate uptake was increased over

sterile controls b) inoculation wlth a mixed flora This obserVation

deficient conditions supplemcnted ‘with an- unavallable lnorgcnlc

P
(SR}

phosphorus source.

che presence of micre-organisms in-oak,. ash and raple rhlaospheres
reduced uptake in the short term and had. little or no effect in- the
long < orm. (2 months) Szember (1060) aISO found that for a number

of vegetable crops; the addition of organic phosphorus decomposlng +

. B
<1
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organisms did not enhance phosphorus uptake. ~Subba Rao et al. (1961),

in some work with a number of tomato varieties, found that organism .

inoculations'reduced.phosphorus dptake. They also noted a .reduced

: /.
sulfur uptake in the presence of this ?hsarlum 1noculum.

1e3f  f Rempe and kaltagova (1958) found that a mixed rhizosphere

'iﬁédﬁipﬁ'increased ﬁhe nitrogen, phosphqrus and potassium content of
maize,iq pot.experiﬁents, Bowen_and R9yira (I§66) also reported that
'a'mixed microsialjinoculﬁm increasedvthe'eho}e—term phcspﬁorus'uptéke
 Qf toﬁato,,clovef and wheet'tqqffold over uptake by sterile controls.

~Barber (1966) and Barbef and‘Lougham (1967) demonstrated

that some of the variability»in;bbserved results to date may be

accounted for by dlfferences in phoaphorus nutrition, The) f0und
. . . f- .
- with barley, that at low phosphorus levels (O 001 ppm), the micro~

organlsms presence reduced uptake, while at high phosphorus ]evels

*

_(10 ppm), ‘the organ;sms have nQ effcct. ‘Barber et al. (1968)

i

‘found that the najorlty of the phosphorus uptéke at low cogcenFra—

tions was lo ted’ap ;ﬁe root surface, thus suggesting fl.ation

. O SRR S PR L
within tH 'mlcrop1@i~t155ue. A-similar localization of pliosphorus
3 Ty "j-’" k ' ' ‘ . . )
in maige rootshwbélnoted_by Crosset (1967). Presumably, under
. 'M Cj 2 . - ) . ) .
defic ent-qéﬁ'itiqns,.the organisms are effective competitors for

N :-7/-5“ ) .
‘any availibles phosphorus.

N . - T

. Barber (1969) further demonstrated the/importance of
direct»nutrieng cendition corparisons with'someLstudigs of nitrogen -

lassimilation. ‘He found that a mixed soil inoculum increased

. mitrate-nitrogen uptake twe-fold over the sterile control. This
. ‘v(/ . , s . ! ’

- 4.  game inoculum, however,.reduced ammoniacal-nitrogen uptake by one
) o) T S ' | .
Yy . N . e
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The matériaquuoted to.this point would sﬁggest the

absolute need-for‘completé knowledge of‘thé nutritional conditions

of any expgrimenis before-proper'compﬁriéons of organism influencé ‘. ‘-
5 " . I . ) .

o
s

" can be made. *In addition, itvéppéars that a mixed ficrobial culture
will more frequently pré&uceva positive fesbonse tban will a single
organisms inoculum. |

A

Fisher and Stbne (1969) have pfovidéd:some indirect

evidence of the impprtance'offthe microflora to enhanced nutrient. - R

7
AT

uptake. In abandoned agriéﬁixuraljiﬁhd that has been refofééted~
with,pine,.herbéCeoﬁs végetatfon‘ha;ibeen.fbuﬁa tp grow.;érger and
have ayhigher nitrégen and ﬁhosphérus éonte;;rfh;h‘adjacent.vegeta4
tion on the same nén—reforeséed‘éoil,‘:The reforeétéd»so£l§COn;ains
a sigﬁificantl§ higher amount of avgiiaﬁlg‘éitrate;nifrogén;

. ammégﬁacal-nitrogen and phospﬂéﬁusﬁxbht t?e sites vere'not_signifif
,caﬁ%ly different in_total nitrogen o;vphqspﬂ;fﬁs. ‘Tﬁ%y suggest fﬁe
éq;ifér sélects a ﬁicrobial flqra_ﬁhat ﬁineralizeé some ﬁdr;idn'bfr “
organié matérial that was reéistaﬁtipo minerélization‘undér tﬁe

previous vegetation.

Miller and Chau (1970) grew soybean‘plants in a ¢ompieiely ég

sterile system in soil which indicated an adequaﬁe nutrient pbol,v~

While'fhcre was no direct microbial.influence on hitrdgcn, phosphorus .

-

and potassium, the micro-organism presence significantly increased

calcium,hmagncsium,»irdn; aluminum and molybdedum levels.
L J ’ . . .

It is thus evident that in many instances the associated

micro-organisms c¢an have.a beneficial‘%ffect on nutrient supply. To

o

&
. ,
[ -

WS
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properly evaluate this effect and changes that are likely to occur
from a manipulation of the microflora, the nutritional conditions .
under which the‘experiments are performed must be fully understood

and regulated.

'B. Influence on plant ﬁhysiologyﬁaﬁd metabolism
One might logically egpecc tﬁat if nutrient availability
_wés influeﬁced, plant physiology and metabolism would be indirectly
inflﬁenced. "Clark (1959) refefs to the profound physiological effect
of micro-organsims on plants. As an'éxamﬁle, he refers to soybean
'chlorosié'caused by rhizobium, thﬁs demonstrating that a ma8sive
?colonization of the root system need not occur in ordér_for the
micro—organismé to influence the associated plgnt.» ‘ |
Subba—Réo_gE_gl. (19615 found markedfdifferences in the
:‘distfibution of radioactivity among.soiuble compounds of the_sh;ot
of infec;ed and non—infécted plants that were supplied C;A—labelled5'
glucose or biéarbonate, Fusarium reduced label entering amiﬁg écids
and incfeased label in the 5ugars;.JThis'rhi26p1ané organism Fh@s
appears>to ha§e g.compléx inflqence in the metabolic aétiV;ty'bf the
wholé pl;nt. |
Rémpe and Kaltagova (1965) claiméd that iﬁocu%atioh;§f"ﬁ
sterile'qat piaﬁtslvith oat rhizésphere'organisms ihtehsified the
-‘phyéiqlogical‘prOCessgs in the plant. ' In similar eiﬁeriments‘wifh
maize, they fouﬁd-tﬁat‘émiﬁo acid levels iﬁ'fhevsap‘igc;eaSCd w;th
the iﬁoculatiéﬁ. . | )
Bowen and Rovira»(1966) reported th;t a mixéd microbial

.inoéulatibn to sterile tomato and clover resulted in a 4.4-fold =,
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. & t

W
increase‘;n phosphd;usvtregelocation from rooe to shoot. These
reéults’agein suggeet a'direct organism influence on plant physioloéy
and metabgiism.

'éarber‘(l969) foundethat micfobial‘inoculation increésed
qitrate traﬁefer to theeéhoot by about 202. ‘Under similar experi-
"mentai‘epnditions, bug\using an ammoniacai niteogen souree, the
autﬁor reported a IOZ éecrease in nitrogen transfer to the shoot.

Petrenko and Karaseva (1969) stated‘that the.accumulation
of cafﬁohydrates in green matter and root crops of sugar beets
oceureed more rapidiy_in the presence of bacterial activators.

In a complete study Qith sonean grown on sterile, sterile-
re-inoculated and non-sterile seil; }ﬁiler and Chau (1970) reported

marked changes'in‘the free ammonia pool. - The sterile plants

contained 11.2 pmole&}gtam of free ammonia, whereas the other two

‘i*ﬂ A

'groups contained but 2.0 pmoles/gram.

- From this review «Lbﬂis evident that plant physiology and

metabolism is markedly influenced by the presence of micro—organisns
The&gest commonly.noted effects are changes;in translocation of

‘inorganic ion and changes in concentration and quaiity of the free

amino acid pool within the plant.

¥

C.  Influence on plant gfoﬁth -

%5 Quite iogicall&, thevinfluehces on nutrient availability
and plant metabolism should be reflected in plant growth. As
expected,: this has been -the most commonly,measured microbial

1nfluence.

In one of the first reports, Gerretsen (1948) was able to ‘f

48
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.increase growth by'SO—ZOOA through a mlxed soil culture inoculatlon
to sterile plant systems. He attributed this to inproved phosphorus
3 . ' .
availabiliry.

Akhromeiko and Shestakova (1958) demonstrated a 13 and 26%
increase in the growth of oak and aSh,.respectively, fdllowiﬁg
ihpculatioc with Azotobacter, Tﬂis can probably be attributed to
the production of growth hormon,és by' Azotobacter.

Boeen énd Rovira (1961) etudiedbthe effect of mixed soil
floral ineculdm on roor;rreot hair. and shoot grderp of cibver
tomato, phalaris'and radrete pine. In all cases,‘iotal root length
was reduced by the presence of the mlcro—orgadlsr. With the excep—b
_tion of radiata pine, where sterile plants were signlflcadtlyv
larger, there was little difference in growth between sterile and
‘non—sterlle plants. Under the experimental conditions employed,
roor hair develdpmeht eas 31gnificant1y reduted by'the presence of‘
the mixed soil flora. They showed that these effects were the
result of the action of speclflc soll micr¢ organisms that were

1

serially diluted out’ at higher dilutions. - Ihis reduced root hair

growth may be the result of antlblotlc and grewth hormone metabollte;
| qpln contrast to the lack of grcwth scimulation reported by
Bowen .and Rov1ra (1961), Absalyamova (1963) reported that inoculation
of" sterile 5011 u1th isolated rhizosphere comple;es resulted in
improved plant growth ﬁov1ra (1963) was alsolable to demonstréte a

signlflcant increase in the grcwth of wheat inoculated wlth Azoto—

bacter or Clostrldlum. No effect was noted wlth a similar inoculatkm

of maize_and tomato. In addition, the stimulation to wheat was



G

eliminated with thé addition of a complete nutrient solution.
Pantos et al. (1964) found that specific micro-organisms

stimulated.the growth and rootipg of poplar cuttings. In the case

of Pogulué 1-214, this effect was restricted to &/9{%§d culture’%?'

. i / : .
5 organisms, monoculture of Pseydomonas radiobacter and a gombined

o . ‘ . s
Pseudomonas fluorescens and Bacterium candicans. Very specific and

variable resultsAQere obtained for other poplar varieties with the

different treatments.ﬁf
. ¢

Brown gglil..(l96é) éarried out a er of experiments
’wher; seed, root or soil were inoculated'wit§§§§ctobacter cultures.
In pot éxperiments,'cfop_yields showed an éyerage in;reése in weighc
of IIZ; but these were génerally ﬁot significant atvthe 90% level of
probability;. In only two cases, where nitrogen was deficient; were
significant incréaées in yield observed.

Réﬁpe and‘kaltagova (1965) ciaimed'thatviﬁoculation of
sterile pots with éaﬁ rhizosphere isclates stimulafed.the groﬁth:and
.developmént dfﬂoats;‘

Vasantharajan and Bhat (1967) found that soaking'cuttings
of @ulberrylin cultiure filtratés of phytohormone synthesizeps .
hastenéd roéting. The data from a vafiety of organism c;ltufg
léiltrgges suggesf the manyvcultures_(ﬁoz'of those tested) Brbught
qbouf stimulation of shoot gréwch, while inhibition of root_éro&th‘
(342'of éultufes) Qas mofg comron than stimulation (26$_of cultures). .

Léelavéthy (1969) noted that several common rhizesphere

fungi significantly reduced the growth of grass seedlings. One
R : ‘ > .

exception was Fusarium nivaie; which"prodpced a pesitive growth

response. ;//
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£ o Lindsey (196@0 grewmerile and inc%ated pPlants in a

1) : (iﬁ- Y v &
germ—free env1ronment” For bean, ', -”L,

C 2 ;. . i

" . . .

inoculation at day 0. -If there was ‘a delay beforejfn0culation, no
significant growth differences were-noted. They also found that
the influence on the shoot was.é;eater than on the ‘root’, and
increased with time. No 51gnificant effect was noted for corn.

Miller and Chau (1979), using‘aosystem similar to-
Lindsey's, found that non—sterile soybean plants yielded significantly
greater than, the sterile grown soybeans.

Hussain and Vancura—(l97p)>reported that inoculation.of
maize with organisns capable of producingvvarious growth factors
resulted inﬁa signif{cantvincreasé in dry matter production.

In summary, it may be stated that, with the exception of
the reports in‘the Russian literature, there are a limited number of

reports of positive growth, responses by micro~organisn inoculgfion

Many of these may be traced to the production of various growth

},hormones by the selected flora Two of the most thorough reports

'(Lindsey, 1969; Miller & Chau, 1970) have’demonstrated that the

micro-organism presence has a positive influence over sterile -

controls under what is commonly assumed to be adequate nutritional

,conditions. ThlS influence is most probably associated with

increased micro-nutrient availability
In no instance are there repeated beneficial growth

responses through selected nixed or pure culture inoculation to seed

~ plant' or soil when the control is maintained in a non-sterile

condition.
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I1T. Mat@¥ials and Methods

5

1.. Sampling and éamplé preparation

'’

l -

“In.each of the following sampling prqycduros, samples.
were wrg;;:}%an.plagtic and transpbr?gglto the 1a50ratory in‘a
cooler maintained at approximately 2-4°C. ,

A prel;minary trialbdcéigncd to provide sé@e familiarity

with problems and mcthodology was undertakcn-{g late June 1969 ,

s

by sampling in a "clear-cut" scction of a lodgepole pine stand loca-
2 .

ted south and west of the Prairge Creck Ranger Station, in the
: - s . _ o
Rocky Mountain Housc Forest District. From a range of trecs

availablc,‘a 10 cm, 30 cm and 45 cm tall tree were selected. In

4 ~

addition, a young seedling (12°'wks) was selected from some green—

house containcr-grown stock and included with the three field

v

plants for pfoccssiné;
-Upon arrivnl in the laboratofy, tﬂc rootvéystcm of each

plant was lightly Shakonvpo remove all loose soil.  The édhofing

soil (rhizosphcrc‘S§il) and root yeré placed in sterile digtillod

water .and shaken gently by hand to remove all adhering soil. " The Y-

root ‘sample-(rhizoplane) was then transferred to a Waring blendor

and blended with-distilled water tor 5 minutes.

v

Rhizosphere and control soil samples were shaken in an

f orbital shaker (2.5 ¢m oorbit) for 10 minutes at 350 rpm to obtalin

a complete sceparation of organism aggrepates.

s , ; oy
In June 1970, a sccond sampling was gndertaken:  Young
trees of about 12 cm height (Plate 1), groving in a sandy loam soil

K3

wh
3%}
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. sample for each section was collecte

on a cleared powerﬁline right-of-way, approximately 48 kilometers

north of Whitecourt, Aiterta, were collected. This site was‘
chosen-because there was ro competing vegetation located cloeer than
20 com from samcle plants (Plate 2).

»Rhizosﬁhere and rhizoplane sepgration of these samples’
was as suggestca by Louw and Kebley‘(1959). Root system and adhering
soil were piaced in éteri}e water and retated 2-3 tirmes, The roots
were tPen re#oyeds.care being taRen'to see that any attached soil
material was btoken lcose. This eampie was designated rhizosphere.

, p ,
Roots were transferred to a weigﬁed sterlle flask with A gm of- 1 mm

glass beads per 10 ml of water. Thl\ sarple constitutcd the rhlzo—

[y

plane. -

. 1. . . . - .
Larger trees, 27 years old and apﬂroximately“Gwmeters tall

(Pléke 3) were sarpled cn- a sandy loam site 28 kiloreters west o‘ o
,,”
41

'~whitecourt. A root%é&ﬁ&em was excavated so that one surface of the

'
ly:
B .

root was exposed as far as it ccould be traced into the soil (Plate &)

This root was then marked in app'oxlmately 30 c sectlons. ‘The
h"

HY .

' fﬁhe root in eacﬁ sectlon .ifto a sterile 18 mm tube. The control

5 ¢m  from the root by
scraping freshly exposed scil intd another 18 mm tube. The root
system was then cut intc the narked sections.. Rhizoplane sarples
from these larger roots were prepared in the laborato¥y by reeling
measured bark sections frewm the rcot and placing this material in a .

flask with the 1 mm glass beads in sterile water.

. v : o N
The rhizosphere ard contrecl soil samples from the second:

rhiznsphere was sarpled b\ scraplng the 501il, immediately adjacent to .
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V‘Plate'4.”

Mature tree root excavation with root exposed.

Rl .
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young tree and lerger tree sampling were shaken 5 minutes at 600
oscillatipns per minute (2.5 cm orbit).‘ The associated rhizoplane
samples were shaken 20 minutes under the same condltions.

| Shaken samples from all the sampling were serially diluted
in sterile distflled water. For all organism counts, three dilhtiqns
replicated fiee times were ipoculated to'thelmedia;and incubated at
IZOOC“for 7 (fungi) or 14 (bacteria andrstreptomycetes) days'before
counfing colonies with a Ne; Brunswick'lmpulse CLolony Counter.

The medla used for counting, storage or. characterizatlon

of the organisms in" this study are fullv de5cr1bed in Appendir 1.

By
Bacterial and streptomycetefcounts were performed by ‘inoculating 1 ml

'of the appropriate dilution;to "pour;piates" of Stevenson Yeast
Extracc; Fungi were counted by spregd;ng 0.1 =l of-inoculum_pn the
sorfacevof Peptone—Dextrose—RoSe'ﬁengal‘agar. | Kl

All data are expressed as nurmber of organisms per 100 sq.
cm. Surface area of soil was determined Lsing the Ethylene-Glycol

_Monoethyl Ether (EGME) Lecnnlque (Heilman, .Carter & - Gonzalez, 1965)
Samples were‘calc1um-saturated ano .ground to pass_a 60 wesh sieve
prior to ;reatment with EGME.”

vSurfoce area of roots was oetermined in one of two ways.

" For small roots;ia total”iength was de;ermined'by measufemeptl ‘Ihe
root sample volume was‘determined'by displatemept (Baver, 195§) in

ethanol.'.The calfulation of surface area‘was then acceomplished EY
assoming the rooc segment.to.be a cylinder and soostitotihg measured

and ealculated values in the formula for.cdlculation of cylinder

.

volume (V = Ur2h) and surface area (A = 2trh). A typical ealculatioo
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is presented in Appeﬁéix 2. \
With the larger root samples, only measured bark sections

were introduced into the rhiszlane sample. In this instance, total

surface area was simply calculated using these rnieasurements.

2. Organism isolation and. characterization

“A. Fungi
| Frém plates préparea.in the p;éliminary trial, 30 fqui were
isolated from each of rhizosbhére’and control soil saﬁples pf-the 30 cm
freé and storéd on malt extract agar. Fifteen ofganisms were sihilarly
isolated from eaéh of‘tﬁe rhizéplane; rhizosphere'éﬁd contgsl 3611 of
the 45 cﬁ';ree.‘ These fungi were subséquently'gréwn~qgjCzapek Solution
: . - S

Agar, Malt Extract Agar and Potato Dextrose Agar for 7 days, at which )

. fime they were examined and grouped on the basis of morphological

~.

‘SLmilarifiesf
B. Bacteria
A After.counts were complefed on four of the'plates prépa;ed;
- organisms were igolat%§ from the fifth plate of a dilution with 30-100
. cdlonies.ﬁér plate.l Sixty‘bacterial colonieé weré‘isolated'frém |
each of the,ﬁhree regions (rhizoplane,'rhizoéphere, éontrol soil)
‘associagéd with each of the four young trees in the preliminary trial.
.InAthe second:éampling of young aﬁd mature trées?'Juné 1970, a total -
of 2500_o:ganisms.were isélated‘from the:threéyregions. All_érgéﬁisms
vw?re store&*on general medium(;emi—solid) and, as ;equired,'grown‘pp '
on freSh general medium(broth) for 7.days before'inoéulation to the |
B Qarioué media used in charaqgerization ;f.the microflora.
LN S .
o

Sur%}v;ng organisms fromvthé.ﬁreliminary sémpling,and 401

Pt
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isolates from the controi soil and,rhizopi%ne June 1970 sampling

were examined for the ability to grow on_four nutrié%t medium. Basal =~ [ *
medium, amino acid medi and yeast-amino acid mediunwere common to

all tests,@%ut yeast extract mediunreplééed yeast-soil extract medium
- . Lo g #

s

‘in the June.l970 isolate chéractérizaiioné. Optiéaildenéity'wés
‘determined in a "Spectronic 20" at_660 um and 1 cm 1ight path after
- 72-hr growth at 20°Cc. = * |
Organismé frdm the 30 cm treé kpreliminary sappiing) weres

also gram stained Qsing Huckers modifiéation, and test;:’for armon-—
ification of casein and‘asility’toAsolubilize phosphérus.

 'A11Jsurviying ofganisms'from the second yo;ng.and matﬁre
 tree sampling (Juné 1970) Qere tested for the abiiity‘to bring about
stérch hydrolysis, chitin hydrolysié, casein'hydrolysi§) phosphorﬁs
solubilization and lipoiyéis of Tween 80. They'were also examined .

for the ability to utilize brotocatechuic acid and for the presence

Y

of the enzyme phosphatésg
The previously ‘mentiopnéed group of 401 isolates was examined }
for the oxidase reaction and’ the enzymes catalase and urease. Growth'

~.was also ekamingd under the following pﬁ cohditions;”!l.ﬁt~5.a; 5.6,
6.0, 6.6, 7.0 and ét_témpefatures of 49, 20° and B?OC; _Cultﬁfés wereJ
also:examined forﬁthe ability to bring aboug ammonification;ofAcasein,
Anitgﬁte reducfiopland mephylenefsiué rcdﬁcti&n. Oxidative and‘fgr—

mengative metabolism of glucose and lactoseé were also monitored.
.. . . ! 2 .

3. Soil chemical analysis

The soill from the young tree site was Sémpled only in .the o

surface 15 cm because this represented the zone to which root’ S
~ : : PR ' o T >



‘back titrated with dilutg (0.02N) sulfuric écid. Ammonia plus

- c . : N
development was predominantly confined. 1In addition, the surface
. . ) N

horizﬁns had been disturbed. - The mature trees were found on anvorthic
podzol and thus s;mpled by héfizon.. .

The s?mﬁles were quartered in thevlabdratory for pH) ot
ammonium énd nitrate determinatiéﬂ. The fémaining sample was then

2

air-dried and stored in quart mason jars.
pH Qélues were detefmined on a saturated soil paste ad
outlined by Doughty (1941).

. . - ! ' . l .
" Ammonium and nitrate were extfa§ted by 'shaking with 2N KC1
a ’ . .

(10 ml/gm soil} for 1 hr. Ammonium content of the extract was. deter-

'minéd by steam distillation in the presence of magnesium’oxide

(Bfémner, 1965). The distillaté was collected in boric acid and

" nitrate and nitrite were determined by distillation in the pfesence

by the acidqfluoride method. Five grams of soil were extracted with 1

of magnesium oxide and Devarda'a alIby.

Al
EY

Available phosphoruéfé;s determined on air-dried samples

L - ' ) . F I ) .
minute shaking in 25 ml of an extracting solution of 0.03N H2804 and

0.03N NHAF. Ten milliliters of the extract was allowéd to react with 10 ml

" of cbmbined vanadate-molybdate reagent. RAfter reaction for 20 min.

absorption was.déﬁerminéd at 425 pim throughfa Ivcm light path (Soil
Laboratory Analysis, Alta. Soil Sgrvéy-and_Dept. of Soil Sci. -
University of Alta;_ Pg. 78d). | ",
| Exchangeable cations weré extractedvfrgm.the sample with

normal ammonium acetate adjugted to pH 7.0 35»outlined in A.0.A.C.

(1955). Exchangeable potassium, sodium, calcium and magnesium were

/‘ : .
, .

59



. determined with the Perkin-Elmer Atomic Absorption Spectrophotometer.

Exchangeable acidész-was determined by 0.5N barium acetate

\

adjusted to pH 7.0 and titrated with standardized NaOH, as suggested

by Brown (1943).

4. ‘Micro-organisms - Plant growth interactions

'f' ' In this segment of the work, a number of varied experiments
I

were performed to define technique and redﬂirements of an.aseptic
culture system before prbceeding with Qrgénism/plant-groyth'infer-"

action studies. ' ‘ ST o

A. Seed sterilization

L

. . : ' - . l . 2 » “ -'.‘ v- ::' .
An 1nitial experimentﬁwas conducted to'determine;the*effect'

of three sterilants, HgClz, 2O2 and CaOCl, on gernlnation, as well j}

A
9

as the ease and frequen Y- wlth khlch sterile seed! could be obtalned
. . '.:,_?‘ .l . *y '.< .. ", - .
A number of conpentratlons ‘and tlmes wvere evaluated In*allxsubse-
R bN H : ,) . ‘.,..‘ - b . .

quent experiments, sterlle seed wis obtained by stlrring seeds 1n

‘ " oo SRR
30% H 0 for 30 seconds and then filteming the seeds out on sterlle
cheese cloth suspended on a sterile'beaker.* Seeds vere separated/

s

and spread out to facmlitate complete drainage. 'All_seeds_were

transferred to petri'dishes of piate cbuni'agar and germinated at .

b

179C for 6 days..eAt this time, norral uniform sterile,germinants

“were planted in a vermiculiteuaﬂddsénd soii nix (Appendix 4) adjusted -

to pH 6.2 with IN hydrochloric acid.

' B. Plant grovth conditions

: In all experinents, the lodgepole pine were grown over a
A

16-hr photoperiod at a 11ght inten51t\ of approximately 1000 foot

-candles. Day temperdture wds maintained at 210C while nxght

0
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v o }
temperature was set at 18 C. hd
o "~ Plant aeration within the aseptic chambérs was provided by
. an " ~

diffusion in the initial experiments. This was replaced by a
: e S :

pressuy,; edé?ig4steam, which was sterilized before entry to each

chamﬁé?}b&#ﬁ%}tration through Millipore GS 0.22 u pore size filters

held in 25 mm Swinnex holders.

The plaﬁt density. in all expériments was adjusted so that
a ﬁinimum.of 41»¢c 52.5 cubié inches) of rdéting v%ﬁgpe was avail-
‘able per plant (Endean, 1971).

| Nutrients was provided Sy watériﬁg with various concen-

.tratibns of nutrieﬁ£ solution (Hocking, 1971).

‘Iﬁ experiments where a portion of organic rather than all i
inorganiq~qiffggéﬁ‘?as supplied, eéuivalent amounts of casein—'

. e

., T Ly ‘ . . . .
%}trogengwepe ” ed- te replace the ammoniacal- ‘and nitrate-nitrogen

removed. ’AIi?étHéf:élementgl‘farms were identical to those in

'Hocking's soiﬁfiéﬁ“(AppendixFS). The quantity of added nutrients

reqdited'to any point in the growth period was calculafedbby develop-

"ing @ hypothetical growth curve, based on published dafa; and then

assuming an optimal plant nitrogen concentration for thds plant
‘(Appendix 6)?‘

“The pure'cultpre isolates used as inoculum in the organism/
_ . o I . y _ .
plant interaction -studies were grown for 4 days on general medid

’ beforeﬁféuf'drops were added éround the root collar of one of the

plants. ‘A mixed soil culture was grown up on a basal salts medium con-

taining .avicel, casein and soluble starch (Appendix 1). In this inoéhf

“lum preparation, 1 gram of soil was added to 100 ml of the media. This"



was grown in shake culture at 15°¢ for 7Vdays. One milliliter of
this mixture was then transferred to fresdiunand the growth
.condition repeated. On the third_transfer, the mix was grown for
4 days and was then introduced to thersterlle system in the same
manner as the‘pure cultures. |

‘At the end of a selected growth period,_plants'were ‘
'haéééegéd and shoot and rootylength measured. After drying for 48

hr.at 75°C, shoot and root dry weights were also determined.

The establishment and number of organismsvwithin the var-

ious rhizospheres was deternlned by aseptlcally removing soil and
plant root from the grouth chambers. Adherlng soil was, removed
from the roots as outlined previousl\ This was serlallv diluted

and plated by spreadlng on general media for counting Sterllity

checks for sterile control plants were made by plac1ng shoot, root:

and soil mix of different plants cn plate count agar and 1ncubat1ng

1

for 14 days at 200C Where there was only one plant_pengchamber,
. -

-only the soil mix was plated for sterility checks.
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IV. Results and Discussion = .5 oo. a0

. u o . TR

1. Preliminary investigations . BT S ‘ﬁ'?‘ P &a.~
. : ’ S RO AR

B . fa .
B - T A .‘ Ay
Thls stud) was des1gned to develop some ex pé i'nce wich TR =
. 3y % , a(":v:‘j'- L -
methodolog} and to 1ndicate areas for 1mprovement ulthln the ﬁ 'ﬁ, S S

proposed plan. chle 4 shows results of the bacterial counts ’ihe%ﬂ*“%un?

‘

expected rhizbspherc effect is demonstrated but is not Of the

gnltude ev1dent with agricultural crops (Alekander,,196l) ‘end ds
i T
less than the values reported b) Tltonln (1966) ‘and Hocklng and Cook

_@gor lodgepole pine reared under art1f1c1a1 condltlons.,‘ﬁ'

-

.Shipman (1957), in a study of yellow poplar, reported\that R/S

values of 2.3 or greater were requ’red to be signlflcant at the 99

K

level of sigmificance. This-would sug est that the difference with
CTos )
, . . e \v :
the 10 cm tree is‘not sigrnificant. The lcw rhizosphere influence-
\ SR ' : C o S
reported here may be real, or a result of sampling error.: Samples . =~

were‘collected in a "elear;cut" area, in which there‘pasvﬁigorons‘
growth by many plant. epec1es. :AS a reéuit the compariscn between -
lodgepole pine rnizosphere soil end control soil may really be, A
comparlson Qf rhlzospnere SQllS for lodgepole pine and some othcrA

plants present on the site.  For a detailed comparisen, some site

with a minioum of competing vegetation is reqnired.
As expected, the nunber of organlsrs wlthln the rhlzoplnne
are; more nur:erous than in tb% rhizos“here.; Yo real comparison is

possible bepeusepin the rhizopIéne counts are based on oven-dry
. - '3;{' R , . ¢ - R <
-weight of root and, in the rhizesphere, they are based on oven-dry
weight of soil, and thus on r=terial of ¢iffering bulk density. In’
. ) -, s L : :
addition, the soil is porous and may have a very large surface area,

/
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’

- a7 .
whef@aé"a'root is so0lid and has_Only'a,single,external“surfacq. For

a pr¢per comparison, the numbersjﬁust be placed ®n'a common base, -

M

~such as surface aréa,fas was/suggested;by,Harpér (}950).

‘}.Fungal numbers are'repoftéd in Table S}"Ohly in the larger,

) do

more.mé{ﬁre sapling ‘was a positive fungal rhizosphere effect noted.

This can be tﬁefr¢5ult of the sampling procédure’mentiqhed'earlief
dr perhaps of inhibitibn within'the‘footrinfluenced séil.
. . . N : ’
Sy A o S S 3
Table’é. Fungal Numbers/gram Oven.Dry Wt. of Sample (x 107)

“Sample ) Coﬁﬁroi' Rhizosphéré;:R/S_’ﬁhiégﬁiané % o%
Voo - Soil 'SO;I ' © Control
Seedling | 2140 . 68 - 0 ss
‘Slap‘ling- 10 cm tall 113 . 97 W 100 88
Sapling 30 cm tall . 45 84, 1.9  lost . -
Sapiing.AS cm tqilv- _i26’_:  635 | S.Q_ ‘-'50' "~ 40
C . , ,\\. : — |

Another possibility is that this result 1s the product of

* the isolation ﬁrbqedufé sélectedp 'Pafkinson and"%h@mas;(l965) have
deméhétragéd tha#‘%he:soil»dilhtgénjﬁrocedure seleCtS gor the hcavily
spor:tng’fun_g'i.y-‘~ Within the rhiiOSpﬁére, fungi egiét:ﬁfimarily in the
vegétégiVéds;ate wbile; Qithiﬁvthe soii, 76-902”of'£hé-;dléﬂiég‘
isolated dé?elob_from'spores'(Agnihotﬁrudu, 1955)}f ‘Counts with the
dilﬁtioﬁ“té;bnique wou;dithus not p;ovid a proper eva]ua;ion of
fungaivaCti?ity; As.SGpﬁo;t for thé‘valfdify*of tbese daté, however

the observations of Parkinson, Taylof‘and Pearson (1963), demonstrat-

ing increased frequency of isolation with"incréqsed root age, may be

""
&{'

o

s
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cited.
While the vaiidi&& of the quéntitative data is open to
question, there are strong indications of a selective root influence
within<tﬂe rhizoépherc soil. Of the‘fungal isolates frém the 30 cm
tree that were mofphologically'groupéd after examination on four
media, fourteen océurred exclusively in thelcontrpi soil and eight
exclusively in tﬁe rhizo;phere. Another nine organisms wére common ’
to both environments.
When 15 isolates from eéch of rhizosphere, fhizoplane and
- control séil of ;Hé 45 cm tree were compargd in a similar manner,vit
was observed that .about one-third wé:t cormon to all regions.
Another 507 of the isolates were unique to each of the environments
aﬁd the remainder were sﬁaréd By two of the.threersampled regioné.
This was not.unéxpected and is similar to éarligr reported results
(Katznelson gg__zi 1962b; Tinonin, 1966).
- - The nutritioﬁal groupings of the isolated bacterial flora
are presented in Figure 1. There are'ho'marked changes in the |
fequiremeﬁts fo? maximal growth by the org;nisms isolated from the
.various‘regions}. The graphical presentation of data suggests that
gengrally there‘is a decrease in percentage of organisms cépablé of
maximum growth oh basal medium within rhiiosphéré gnd rhizoplane;

Alternately, there is an increase in the preportion within the two
root influenced regions exhibiting maximum growth on aminc acid
medihm. The trend found within the root-influenced regicns was rarely

nore strongly expressed within the rhizoplane.

In all obserﬁations for rhizosphere and rhizoplane, the

.
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maximum differences from control soil samples occur with the 10 .and

30 cm b{ge. The observations here are probably the most realistic,

’

since the seedling was grown in an artificial environment while
the 45 cm tree was rooted primarily within rotten wood.

The small differenée between rhizoplane, ;hizosphere
and control soil Buggests théncontrols may be root—influencea,
as a result of samplingvproblems, or fhat the root exerts a
minium;m influence on the soil. Aﬁother possible éxplanatibn,
3upported‘b;'Cyllenberg's (1957) observations, is that the long
perioq of lodgepole pine growth on this site has led'to a soil
microflor# similar to that of the typical rhizosphere.

Organisms from the 30'cm'tree were selectgd for fnrther
chafacteriza;ion (Table 6) because they demonstrated the raxinoux

B . ]
selectivity based on the nutritional groupings. As is evident,

&
—

the almost universally reported stimulation of gram negative-bacteria

, within the“rhizosphere does not occur. Since the control. soil

samples have a high proportion of gram negatjves, the immeédiate
. * » ) ° s .
reaction is to suggest the control must be root-influenced. The -

proportion of gram-negatives found 'in control soil is however,
similar ‘to that observed in several other Alberta forest stands

(Dangerfie]d,vunpublishcd.data).

The pho>bhate~solubi1izcrs appear to be stimulated within
the rhizoplane, but not within the rhizosphere. Selective stimula-

tion of organisms with this capability has been reported for barley
(Katznelson et al., 1962a), clover, ryegrass, perennial ryegrass, and

- -

wheat (Sperber, 1958) and supports this observation. ‘Uﬁfortﬁhately,

68 .



for every reported stlmulatlon, there are probably two reports of

a lack of selective stimulatlon.

Table 6. Characteristlcs of the Flora Isolated from the 30 cm Tree

Sample Imber of 7% Gram- % Ammonifiers % Phosphate

7 1 olates Negative ' . Solubilizers
Control s © 88 44 ‘ 9
Rhizosphere . 60 86 17 - ' 8
Rhizoplane  , = 57 87 46 _ 28

’

, ‘ A . > ..
Ammonia production from casein is suppressed within the j
rhizosphere and unaffected within the rhizoplane. Organisms with

this capability are almost universally stimulated within the rhizo-

= -

sphere of agrlcultural crops (Katznelson, 1946; Timonln and Lochhead, ~

. R
1948 Katznelson ‘and Rouatt, 1957a' Neal et al y 1970) In contrast
to the agricultural crop, Ivarson and Katznelson (1960) fOund this

group of organlsms stlmulated wlthln yellow blrch rhizosphcre cnly
in 2 of 5 seasonal sampllng datesvi.Neal'etlal. (1964) reported for
Douglas fir that the propertlon of ammoniflers decreased from that
of the control 5011 Because of the questionable nature of the ..
control samples in-this instance, the lodgepole pine influence
cannot be properly eyaluated.

With_the experience'gained in the prelimidary study,
certain Criterla for the sampllng'site wererlaid down. These.isr
vcluded,das a very high priori;y, the necessity of a ﬁlnimgm of

i

competing vegetation and the need for a coarse textured (sandy loam)



soil that would reduce sampling error in the division between the
various zones, coﬁtrol'soil, :hizoSphere soil’and_rhizoplane.

2. Rhizosphere of young and mature lodpepole pine

A. Determirration of root surface area

-Organism counts’ are performed on soil samples to compare
. . - N T

organsim density. The comparison of soil and rhizoplane counts is

invalid because the soil organisms are spread randomly throughout

a porous matrix and the rii¥

the surface of the root cylin
or%?nism densities requires¥ Aon of the data on_a realistic
y _ ) : Nl

common base. hfhe oniy logicalichoice is surfaée'area.‘ To date,
thisvbase of comparisoﬁ has not been used for ﬁhi£5s .ere studies.
VBecause bf'the damage to the ybung\tree roots that
resﬁltéd froﬁ the shaking with gléss bead§ for rhizoplane ceunté,(v
>aczda1 rootlsurfaCe area determinations were impossible. This  \r
problém was qircumventea by cstablisgihgna relAEionship between
oven-dry weight of»foots and surfacg_area. To do this, 13\addi-’f

tional séedlings, exhibiting'shoot development fihilar to those used

o~

for organism counts, were characterized as to root weight, average

root radius and surfacé\atea. Surface area was calculated by making

o

certain assumptions and by determining root volume by displacerment

- (Baver, 1956) in ethanol. The rationale for the.choice.of ethanoi
| , . - o v e B
and a typical calculation are outlined in Appendix 2. Eight of the

[

13 root systeu a%eas were ‘also determined by displacement in.water-
plus a few drops of Tween 80, with' wldsely comparable results. These

data are compiled in Tab%e 7 -and in Figure 2. As would be' expected

\
Ay
\

A
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~dble 7. Root Surface Arcas

. Surface Area (sq cm)

Oven S.A/gm*

Sample_ ff

Radius

cm

‘Ethanol

H20 plus
Tween 80

DTyd%.a

We el

.057
.079
.036

S~
.035
.041

~.039
.032

.035

.033

1,039

.027

24.2
10. 4
29.2
34.0

'39.0

26.5

14.4

24.1

o 10.6
30.7
33.6
£ 40.8.
20.4
'25.8'

14.5

.253
.172

.288

.295

.369
.173

.188

115
.30

‘.Aé

.25

96

61 .

102

115

‘106V

122

o, ~.059 48.0 v 1.0 48
13 .076 . 20.8 .49 42
* §urfﬁcc arcd b%pregscd”ﬁé~sd cm, G
o . X ' - DN o - - N ) A . N .
- Avcrﬁgc~dfrall‘vqlucs 95.5/ g T

N e : o L , A . _ .
Average of all Calues with root-radius less than 0.05 gm = 109 sq
*em/ i
Range of values = 42 - 141 sq cm/pn
with-dita developed vith the inclusien of -sove assurpticns, the

Tesulls are hipghly scottered.  In addition,.because of the iaverse

‘relationship between surface area’ and radius, the sirface area .



increasesh?abidly as theAroot radius decreases.

Because the seedlings used in the determination‘of total
;counte had small roots and the 1arger.root surface area tended to
decrease counts percgiven area, all.calculations cf counts per 100
sq cm for the eeedlings were based on-an average surface,area of

i

109 sq cm/gm. This_valne was obtained by averaging the surface
area of all rdot systems with an average radius of 0.05 cm or less
(Table-?). In the final analysis, Eyis'decision was of little

consequence in the demonstrated rhizoplane effect.

B. Total Organism Counts

_ .- R N

Counts frcm‘the‘eeedlings‘sampled)are presented in Figure

3 and Appendix 7. Tetal counts‘for‘the control soil are similar to

' . . ~ ~ . L :
those"fQund in otherllodgepole pine stands in Albertb‘(Dangerfield;
ST " . @ v

unpublished dataY : The lack of vegetative interference, the coarse

~

texture, the reproducibllltyvof the control counts and the compar—

_able values feported on‘pther sites all-suggest a*satisfactory
a Ly : . . N
. N ' ) : : : Co . c " : »
'control. The rhizosphere effect is-dlstinct and certainly of greater

Jmagnltude than that “found in. the preliminary investigation This

- - N - S N H °

v L RO

.again indicates a more representatiye sampling Because corpcting

,n-.

vegetatlon is lacking, it would be suggeqted that the 'soll -is of a -

n

poorer nutritlonal quallt) than that found in the prcliminary study
This could account for the increased rhizosphere effect (Runov and

Zhdannikova, 1960) ‘Whatever the explanation, the’values rcportcd

, » o T =

‘here[are_greater than those reported by Timonin (1966) for arti-~
. . _\ .

A

ficially_growm seedlings.

As expected," the greatest numbers of organisms are found -

73
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in the rhizoplane. The magnitude of .the change is, however, quite

unexpected. Equally inportant is the reproducibility of these

gends are observed for the mature tree

observations. Similar
~ -

sampliné (Figure 4 an
significantly only below 120 cm and: the difference between

contr and rhizosphere 5011 becomes significant only after rogt

diam ter drops below about 0. 25 centirmeters. Again the dlfferences
, between control soil and root SUrface (rhizoplane) are extrenmely

‘great. As reported in.thefmethods section, the root surface area

n

' : o

_for these samples das calculatediby measuring the dimensions of

root gsections used in‘the sample preparation and should thus be

‘subject to limited.error. The~R/S'Values in the mature tree

- “
b

sampling are Similar 1n order of magnitude to those found for the

seedling In addition the.difference between seedling‘and mature

[}

_trees,is\reduced'as the .root diameter of thé mature tree decréases.A_r'

This would suggest that tHe:errors inuolved in ‘calculating thév '

'seedling root surface area'are at least tolerable.

Total streptot@cete c0unts on the mature tree samples‘

-~ - Ny v

”were arrlved at by counting all colonies hav1ng a’ firm consistency _

~ \ - -y

and a powdery surface (Figure 5) jThe trend is<;be same as that?for

t

,the total count The only diffegence is in the order of magnitude

and in the'proportion of the, total (Table 8) The streptorycete'

-

' proportion increases with. depth in . control soil and to a 1esser

,extent in the rhizosphere soil Timonin s data (1935) for a. number

of virgin profiles in Manitoba indicated that streptomycete pro- .

-

portion dld not increase with depth Within the rhizoplane, thel

Appendix 7). Here, the total'counts decreasef-Vi’
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"’ .Table 8. Strepfpﬁyééfe Population Component as Influenced by Depth
-~ & Habitat | S

fSaﬁple'ADepth :'Coﬁtroi Rhizosphere R/S Rhizoplane  R/S -k_’

No. - cm Z;df Total 7 of Total - %Z of Total
I?:lTi?'l; .304”-';i ‘9 | 9. 1.35 28 5.5 x 10°
‘szv,? f‘éo‘g.:f{ 14 | 18 1.8 18 3.5 x 10°
IVT3,‘l "9o :' ' l20 20 7.1 11 1.2 x 10°
| T, 120 32 23 8.1 14 7.4 x 10°
- T 150 14 v"; 19 3.6 x 10°
-

-~ per cent streptomycete decreased with depth. It thus appears that
under, maximum root influence ‘the streptomycetes are stimulated tec a -
lesser extent than the bacterial component. . A number of workers,

. o ‘ R — v .
(Alexander, 1961;.Katznelson,/1959) éifg/9b§erved“that actinomycetes -
are stimulated to a lesser extentfhan are bacteria.

i R A

In summary, the xhizosphﬁfg\phenpmenon‘is more weakly"

expressed on large diameter than on small feeding rqots.'-Th;§ would _“ o~
L _ P : e s Bt \

'

' 'be expected, §iﬁce>thé.5mal} feeain;'féots are‘responéiﬁ}e foi:éll;
rébt‘exud;tiod. ‘The magdlpdde ok:thg ryizppiane gctiyicy,”as
ihdicéted by total'érgan%gh'couﬁp, is sﬁ;pfisinélx,largei In"xk : o,

R . , v .
aaditiéh, the activity‘withinv@he rhizoplane beccmes progressively
large¥ with.dccréasjhg‘rqot dfdmefcr,iagafn iﬁdicatiné;tthmore
vigorous éqtivity asséciated Sithltﬁe‘fecdiné roots. The strcpto-

Hycete component of the flora was stimulated to a lesser extent in

" the rhizoplane than was: the bacteria component. S _ e
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C. .Organfsm characterization

A total of 2500 organisms were initially picked from the
variety of soil, rhizosphereféoil and rhlzoplane organisms counted.
_Many of these did not. surv1ve§§pe repeated transferring required to

check organlsm purity and to mﬁ&ntaln the cultures (Table 9).

2’
‘

Survival here is much 1owerrthan that reported byleither Neal gtpgéj

é

'(1964) or Oswald and Ferchau (1968), who reperted 85 'and 69%

survival, respeetively, for. tree rhizospf isolates. 1If some of

these transfers could have beed avoided," elatively low sur—

teir

ot >

vival might have been improvedQ The dsea ‘ifferent'etorage

medium could have been beneficial. The datajsuggest there was a
tendency for decreased survival‘from control soil to rhiioplane
,Many of the: h&gh losses within the rhlzoplane were 1solates from

the mature trees For this reascn, the mature tree isolates
- recelved only a limited characterization.

Table 9. Organism Survival

' “Number Nurber % ' Range For

. Sample - - Isolated. . Suryivingﬂ? Surviyaly Various Groups .
‘Control Soil - . 970 589 . 61 43-73
Rhizosphere” Scil 658 . 385 58 . 25270
Rhizoplane 872 435 . 50 . 18-78

o,

G,

i 3

, &
The ‘results from mature tree’isolate characterization are

.

presented in Figures 6 .and 7. Because‘of the limitcd numbervof

'Jorganisms characterized in a]l of the regions but the control qoil

-at 30, 60, 90 and 12% cm, . abso]ute values are of 1itt1e significance
. . a .
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and only relative relationships between rhizoplane, rhizosphere

P

and control soil can be -considered.

P
~

4 ~

The control soil iéolé}es do, however, proyide‘éwrealistic
measure of absolute fluctuations with depth in the absence of root
influence. ie;e the pgopoftion of'chitinoiytic, amqul?tic and -
‘proteolytic'(Figufe 6) organisms incre;sed with depfﬁftg a maximum
at 90 cm and then deCreased again. This pattern!%% identical to
that for ‘total Rumber of;orga%isms. At ali degéhs, with the
" exception of ;hé lSO‘cm sample, the capability to hzndle—these
substrates is such.that'proteolytié > amylglytic'? chitiﬁoiytic,

: Iﬁ,confraét to the ﬁfénd'indicated for phé control,samples; the
propoftion of organiéms'whichbafe chiginolytic, amylolytic-ahd

,broteolytic-wipgid rﬁizbsphgfe andvrg;ééplanéisamples reéch;s é

o minimum_af the 60 to 90 cm depth and: then incfeasés with continued

depth. ihis'would suggégt a defihite’inhibitoky;root influence .

as related to these charactéristics within theumeaium depth range N .

~studied.and a possible incxeasé-wiﬁhiq‘ghe fee@}nﬁ root; zone. .

Wbile_nq,éxpi@qa{ion for the very s#milérﬁréactién in selectivity

of these three characteristics is offered, a close relationship
between proteolytic, chftinolytic and- amylolytic ‘capability also

has begn'éﬁgérved within Douglas-fir forested soilél(Dhngéffield,ﬂ

unpubliéhed data). Of.the:nén—ferﬂcntative grﬁm¥negati§e bacteria
: ) . - ’ Lol B « : ;

examinéd by Gilardi;(1973);‘only the Flavopacterium.weré both

‘amyldlftic and-protcolytic,'with thé proteolyvtic cépability being

more frequently expressed. ‘In addition, only one species of

Psewdomonas, Pseudononas stutzeri, was amylolyvtic. Loutit, Hillas
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and, Spears (1972) f0und that the Flavobacterium represented énly 8%

of a radish- rhlzosphere flora. Flavobacterium proportionately

decreased within the rhizosphere of Sesleria caerulea (Leval and

.Remacle, 1968). It is also frequently reported (Ciark,‘1949) that
the Bacillu53 which are proteolytic and anylolytic, are suppressed
within fhe,fhizospherev/"\\

-
\

) . \ .
Theghbility to bring"about phosphate solubilization is

k]

found to decrease with organisms 1solated at greater depth (Flgure

,~ \,.

7). 1In this case, however the data for rhlzosphere and rhizoplane

1solates\suggesththis capabilipy isHééiééxively enhanced. . This

supports the preliminaryvstudy cbéervet@gn of increased phosphate
solubilizers within the rhizoplarfe.

The ability to b%ing about the lipolysis of Tween 80 and
\ .

the\sresence of the enzyme phcsphataséffluctuate less drémetically

»

T~

with depth'and‘between sarpling zones (Figure 7). These charac-
teristics: abpeer to be little influenced bv tee TOoOt presence.
" Because of the iimifed nurber. of ofgénisms evailable trom
. ¢ .
the mature- tree-root- influenced sarmple s: ne further characteriza-
. tions of these‘organisms were attemﬁfed and all subscquept dis-
cussiens are cencermned with the chératteristic; of the voung-tree-

root-influenced isolates.

Initially, 458 crganis ms from ceontrel soil, rhizesphere
e , » ' ) | s

scil and rhizoplane of the yCUngetrec sempling were characterized,
, , , .

using six tests (Table 10). The data for the surface sampling
(0-30 cm) in-the mature tree site are. included to indicate that,

based on these six characteristics, there are little differences in
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PR T U S .
control ‘soll characteristics As noted for the mature” tree, the
J ' "‘! N

rhizosphere selectively stimdlates phosphate solubilizing organisms
(99/ 1eve1 of significance) and inhibits the proteolytic microflora

(95% level of significance). Ihere also is an indication of

A

suppression of the amylolytic flora~but this is nét significant. In

o~ . -n, "‘l St -

contrast to the. mature tree, where chitinolytic, proteolytic and

{” . I - ®

amylolytic flora fluctuated together and were supprcssed the seed-

ling significantly (9972) stimulates the thiﬂ&holytic flora. AR

R S
It has beep commonly reported (Iimonin and Lochhead, 1948;

<

‘Balicka, 1958; and Rouatt, 1959).that proteolytic flora are

\

stimulated within the rhizosphere The only really conparable
b .

demonsf/%}ion of suppression is the observatlon by Remacle (1963)

that plants growing in mor soil did not.stimulateiihis floral com=
ponent, whereas those‘invmull and moder dio. _éine ccrtainly quid
he classed as'a plant that grows in a mor type soil,v

Crowth achieved folloging drop inoculation‘to a variety cf
c.media was ponitored sbectrohhﬁfometrically after;72 hr at 20°C.' The
.résults for control and rhizo;iane isolates’of.seediing'sample‘1 are
éresentcd in Figure 8. (It is apuarént that rhizoplane organisrs
achieve a lower cell den51ty and presunabl\ grow more slowly on all
media‘examined than do the control organisrs. Therselective‘pressure

3
within the rhizosphere cannot be explained'in any way by a more

rapid growth by rhizoplane organisms. The‘obseruation of slower:

growth rates by rhizoplane organisms is'differenzlfrom the‘observa—
o

‘tions (Lochhead, 1940 hovira, 1956c, houatt and katznelson, 1957)

- .made for isolates from a nuwbcr of agrigultural crpp_rhizospheres.

roo~ - e e //fw

‘
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This is doubly interesting since a numbef of thel original isolates
'” ~ ' .

"have been lost, among which pfobably were a large number of less

active isolates. 1If this were the case, the remainder would

logically have been biased toward nigh activity and growth. k

]

b

Many'sdil organisms.fail to produce acld from single carbo-

‘nydrates (Sky;ing and Quadling,‘i969)f Sundman (197@) reported that

"of the attributes for carbohydrate utilization, only those concegn-

- ing.aerobic .se of disacchafides showed significantly uneven v

distribution among soil bacterial populations studied". Thus to

N

,reduce the nurber/of carbohydrates utilized in the final testlng, a

number of organlsms from control and rhizoplane vere randomly
’ - 3
selected and characterized for the reaction on a number of dis-

accharides (Table 11). The amylolytic and proteolytic capabilities

~were also tonitored to serve as an indicator of normal population

" distribution. The reduction in amylolytic capability is not signi- N

ficant, while proteolytic capability is significant (99% level of -
o . z - .
significance). The failure to produce acid (Skyring and Quadling,

1969 ; Gyllenberg an\ Rauramaa, 1966) 1is agﬂﬂn noted. = This appears- DR

.

to be more noticeable with the rhlzoplane isolates and is particu-
RS X 7 . :

larl) evident with the dlsaccharide lactose. Bowie “Loutit and

veLoutit (1969), using errman s key for the identification\of aercbic

) ..

‘ soil heterotrophs, required only two carbdhydfates, giuco@e and

. lactose, for taxcnomie 1mplementa! ion. Many Pseudomcnads are capable

of acid production from lactose while few, if any, of the

Achromobacter ‘and JFlavobacterium produce acid from lactose (Cilardi,
. N A .
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1973). . All three groups have a high incidence of acid production
from glucose. Loutit, Hillas and Spears (1973) have reported that

these three genera of organisms, Achromobacter, Flavobacterium and

’

Pseudomonas represent.about 27, 6.6 and 127 of the isolates of
radish rhizosphere grown on a molybdenun fertilired Hasting 5011 It

is worth noting that the Achromobacter are also rarely proteolytic or

X amylolytic (Gilardi, 1973°’Breed Murray and Smith, 195])

Achronobacter proportionatel} increased within the rhizosphere of

Sesleria caerulea (Leval and Remacle, 1968) Thus, the reduction of

s

the 4hizop1ane population ability to produce acid. from lactose and
briﬁk about the hydrolysis of casein and starch could be explained
-_o : )

i; by a proportlonate increase of the Achronobacter

“d rhizoplane isolates were characterized, using 26 tests

con,ﬁﬁered to be of ecological significance, and which also allo“ed
a comparison with data from other rhizosphere studies. Of the 26
. tests\gérformed (Table 12 ) five‘(Positive Amino Acid Response
Posit1ve_Ycast Fxtract-AminO‘Acid-Response Ammonlficatlon, Gro“th

“r

at 3-4°C, LreeSt) produch a difference signiflcant ‘at. the 957 level

and two (Am}lol)tic, Alkali from Lactose) were s19nif1cantly
different at the 99% level. The response to amino acids is similar
.tovthe'observation reportgdbfor many agricultural'crops'(West and

’ ~ . E : ' , _

‘Lochhead,,l960; Timonin and Lochhkead, 1948; Rouatt t al., 1960)

‘and non—aaricultural plants (Katzneison et al., 1962b; Leval and

Remacle, 1968). The reduction in ammonifiers is‘simiiar‘to that
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e & ' .
fggnitially thought to be relat;q to the slower growth rate of these

N

reported by Neal et al. (1964) for Douglas fir\mycorrhizal root
BTN
~thiZOsphere and Rambelli (1967) for radiata Pine rhizosphere
\iisolates. It is’ in direct contrast to - the frequently reported

-fstimulation within the rhizosphere of agricultural crops (katznelson,

:ff 1966 Timonln and’ Lochhead, 1948 Rouatt ct.al;, 1960) . The reduction

'Lin ammonlfiers is related to 'the reduction in proteclytic flora

'within the rhizoplane which is not significant with this group of

": Brganisns but is 51gnificant with the organisms characterized in the

: other grOupings. .
T ] :
”‘. The reduced growth at 3-40C by rhizosphere isolates was

N L

organisms., This .was checked by growfng up organisms at 20°C
- £
iheasuring the optlcal -density and SUbsequently incubating thes

A

.QVE‘

Vf cultures at the 3- 40¢ termperature.’ Optical densities were re- measured

@l

fhat 1 and 2 weeks, but no 1ncrease in optical densit} was recorded for

those organisms that did not grow in the first trial. The only

¥ 1
explanation that seems reasonable for this occurrence is the fact that

plant growth will be minimal, if not absent, below this.temperaturc,

and since establishment within the-rhizosphere is determined by a

. / ' :

factor other than rapid growth, there is no requirerent for growth
. : 7 ' /

.below 3-40C. Remacle (1966) frequently found that the maximum n{mber

oféorganisms,within the rhizosphere were counted on a:media incubated.

’

‘ e ‘ o ‘ . )
at a terperature higher than that which gave maximum control soil

o a
counts,

- The discussionipresented‘earlier.concerning acid production

from lactose and the amylolytic capabilitieSJaoplics to the data
L ‘ B . : v\\ \»~



obtained in the characterization of the 401 isolates. ~The ability
-
of hydrolyze urea is also less common with the rhizoplane isolates.

Urease is also found more frequently .in the Fseudomonas than the

Achromobacter (von_Craevenitz, 1971; Gilardi, 1973). This again

-

suggests a proportionate increase of Achrormobacter witth the rhizo-

\
K3

plane.

The observations of sensitivity to acid pH suggest a

‘ slightly more .alkaline pH in the rhizosphere (Flgure 9). .This could

3

be explained b) the high water movement_requ;red in" a draughty site.

. . -, .
This would lead to an excess of cations in the rhizosphere, with the

'»associated.tendeney-to a more alkaline pH (Riley d Barber, 1970).
b v : _
In,addition,"there is a preponderance of nitra

lkaline pH (Riley and

8011 (Appendix 3) that would lead to a more
. ; v

Barber, 1971).
Thevlack of a ificanftly greater phosphate.solublllzing
'component within the rhizoplane ray be accounted for by tbe frequenth
observed loss of thrs ability on extended storage (Sperber 1958)
NSperber reported that thls occurred nore frequentl} with soil than

g rhizosphere isolates. : - . v S

3. EicToJErﬁanismﬁF Plant growth interac%ion

The StudlCS reported in thlS section are directed touard

determlnlng the 1nf1uence of selected rhizoplane isolates on the'

-
growth: of lodgepo]e pine. ,A prerequisite of sucH a stud) is -the .-

’abi{ity to grow sterile plants at rates’ equivalent. to those achieved.
in practical operations. In addltion, a S\sten with such a capa--

bilicy should of necesqit) be as sirple and inexpenslue as feasible.

983"

nitrogen in this /’\&\V_J
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capable of growth on penecral media adjusted ‘to differgﬁt'u

pH . values.



A. Seed steriligatiodr

-//A number of compounds have been. used to bring about a N

LY N

surface sterilization of the seed coat, with the resultant.dévelop-
: : r . ’ _

ment of a sterile germinant., The three most commonly used cempounds

x

dre, hoWeVer, mercuric chloride, cdalcium hypochlorite and hydfogen
peroxide. J

.
.

Seeds sterilized by-mercuric chlofide or calcihm hypoﬁ#"

‘chlorite must have the re31due“@ashed off while with h)drcgéﬁ

-

: peroxide this is not necessary. Because ‘these seeds tendzd to be
hydrophobic and'were difficult to Met’in'thé sterilizing solqtign;f'

the value of including,?OZﬁethanoi in the sterikizing rixture was

examined. An initial experiment was conducted to deternine the;]j-'
influence of these sterilants on seed germinability, on germinant
abnormality. or aborted germinations, and on frequency of microbial

contamination. >The results are presented in Table 13.
. _ p v

From these data, it is apparent that the addition of ethanol

to the sterilizing solution dramatically reduces seed germination.:

T

’ It_is also apparent that following calcium hypochlorite or mercuric

chlﬁfidc'seed sterilization there is a marked incrcase in the nurber

B

of abortive or abmnormal germinant$. On.repeated testing, it became

-]drogcn.peroxjde‘treatment,‘ohly‘a iew
\‘eds rermained ond only a winifum of,abﬁog@hl
or abortive germln;ﬁtqvwere producea In additibq,Ahydregeh‘
iperoxidc trea;mont wes quick and simple;b.For/theée feaeons, tﬁe

. . o ,

307 treatment-was used for rouQ}nc seced sté?ili:ation and the pre-

paration of sterile germinangs, which could then be seceded into a

ALSY
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e

P -~
, i v R ‘
A
Table 1'3.° Influence of Sterllants on Seed Genmlnation ;/
- - SO
;{ . : A z Z o 4
, Treatment Contamin- Germin- Abortives Ungermim
' B -ation ation ated
None o . N/A 66 L1 33
3% H,0 45 min E ¢ . ' '
No a%ter rinse ' 4 63 1 ‘ 31
302 H,0, - .5 min , . | '
No after rinse 0. : 65 A 3 ' 32.
30% H,0, + 70% ethanol . (1 1) S o -
2 min“with after rinse . 12 . 46 T 8 - 34
7% CaOCl 90'm}n.' 8 .- 61 14 T
after rinse . _— { R '
-1% HgCl, 2.5 min - 7 o . %2 25
after rinse ‘
'<2% HgCl, + 70% ethanol (1:1) P
.5 min wgth after rinse . - 0 : e 'j _ A 1 ‘ 96
© |
: ‘ .. ' LY ;

.sterile chamber. ) ‘ oW

B. Developrent of the sterile-growth systen

Tk

Initially, an attempt was made to grow plants with, the roots

Tt
A

o a sterlle env1ronment wh11e malntalnlng the shoot.within the
'normai air £16w, as suggested,by”Stogaky (l962). Such a system’is,
‘irelatlvely sinple and allcws mcnitoring of‘pnotoeynthesis and |

: reepitatiggfas,the plant develops.' A single seedling was grokn in !ﬁ

each chamb to reduce the chance of accidental contamination

4.,

T
37

destroying a large portion o, any experirment. The chamber initially

tried is presented in Plate 5 Two holes were drilled into a f#1

rubber stopper to accept 13 e glass tubes. Each'tobe was capped

\n N . o . B



‘\-.'Qb >‘ 1 ..I ‘A ‘VV4. \ M
f _ g : . \
(Bellco Kasput) for sterilization/before a Qterlle gerninant was'’
N -

planted.g When the shoot ‘tip of the émerging plant reached the %ap,

o o
it was’ rdéoved and the plant "sealed in" as the sealing in

¥

g

&compound, a mix of quu1d paraffin‘and wax, lanolin and RTV silastic

% - — ; . L
(Stotzky, 1961) were all tried un5uccessfull)

-~

IS # . _/

. The inability to successfully ! s%§1 in" Troot svstems

t

aseptically JQ;\E that perlodlcal monltorlng of s photosvnth§51s and

respiration was lmpossxble as this measurement would place a plant

« . L]
in . a non-sterile %nvironment. - ) '
./ . : <, .

Because ‘"sealing in" was no longer.feasible, the rubber

stopper was rewoved and the sterile chember was further rodified =

(Plate'6) " Aeration in this system is by dlffusion Initial growth#

was excellentdgut gradtally ‘slowed déwn and, after 9 keeks the
g
plants had set bud. While growth was‘much,lmproved, it was inade-
. quate whehrcompared with operatICnadly“grewn seedlings.,
.« l A number of variations of the above apparatus anq condl—v
tions were tested in or;;;\to improve the-growth rate of sterile
) : P . T 6 .
qee@i?ngs. ) - _ ) _

vy . . ° -
a. Soil wix and nutrient sg}ution{ Sterilized geed were

> . R C e Lo < :
grown in 8 ounce jars containing vermiculite-sand mix in a 2:1 or

///—/)1:2 ratio (Appendix 4)‘, Katering and nutr%ent applicationlever the

I
” v b

4, N

'.ll weeks from qced sterilization to harvest were applled accordlrg

to'che growth schedule outlined in Appendix 6. In all cases, the ;

e 201 verm1culitc- and miy pro&uccd a significantlv lggger plant in
the 77 da) grow1ng polOd (Table’ 14) With Hocking s nutrient

solut:lon,1 the differcnce,was»signifieant at the 95% level and, with,

: : 3 .
N . . . , .

Lw.

-

97

@ ¥



Plate 5.

Rt

Plate 6.

'éystem-whi%e maintaining stem in normal air stream

System initially used to grow seedling with‘éseptiiff00t
« td
a4 ; /

System for growing sterile plants with air provided by
diffusion.

9.



» "
the fcommercial preparation, at the 997 level The improved growth

may be explained by the: increased. moistureﬁpresent, or improved air

-

exchange that results from the larger pore size of this mix. As a
result, the 2:]1 mix was used in all subsequent experiments, !
{

Table 14. 1Influence of Sojl Mix and Nutrient Source on Seedling
- Growth ' . ’

Oven-Dry Weight of Plants in (mg)

. R Hocking : S Commercial
: Solution - Fertilizer
2:1 Vermiculite and sand 305 ' 297
. e . : .
VA,L ’ o . | .
.1 2 Vermiculite and sand | 220%* ’ 224%%

* Significantly different 95% level

** Significantly differ t 997 level

The influence of two nutrient solutions is also compared in

Table 14. There was no 51gnificant difference in total plant weight,

'

Because’Hocking s solution provided a known concentration of nicro—

’

nutrients, this was the a@tepted choice for further studies.

b. Aeration: One p0551ble +..planation for the poor growth

’within the sterile chamber was an inad. Tuate CO2 supply te meet plant
: < a o :
demand. This was checked by growing plants in the chamber shown in

. Plate 6. Plants, which were to act as open controls, were started

P

in the closed sterile system and at 4 weeks from seediny, the‘upper

half of the chamber-was_opened. It is apparent (Taole 15) that the

-

>majorfzfob]em associated wlth poor plant growth in thevsterile'Chamber

K N

is a ack of ddequate CO suoply ViSual examinations made during the

I

2

growth period studf?d indicate that,differences in growth are apparent

99
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-

.

by 7 weeks when several seedlings are grown in the chamber, and by - -

8 weeks when a single seedling is grown. Many seedlings also set

bud in the 9th week.

Table 15. Influence of St;rile éystem on Seedling Growth Over 77-Days

!
'

Total Plant Oven Dry Weight (mg)

- : : Open to Air : Sferile System
2:1 Vermiculite and <and (Hocking) : 298 , 67
Ve o C
. . A ' . § . ' .
1:2 Vermiculute and sand  (Hocking) - 220 : ) 61
2:1 Vermi 1}xe~and'sand (Com@ertialf . 273 ' 58
fertilizer) \ ' ’ g
2:1 Vermiculite and sand (Commercial - .. 212 ' 66:

fertilizer)

Ny

1f aeration is to be prov1ded by dlffuslon, it would appear -

-~

that 6. weeks is the maximum time over whlch near- normal growth rates
mlé;£ be expected It was thus obvious that for'extended groeéh.
periods, the chamber must pe Supplled with a constant flow of.sterlle
air. The pressurazed ;1r flow system used ‘in the. completlon of thlb
study is dlsplayed in Plate 7 and Appendix 8. | This apparatusxwas‘
further mOdlfﬂmd and 1mproved to reduce contamlnatlo opperugnity
). ;&'

C. Influence of selected’ 1noculat10ns on seedllng ' ,vj\$j Pa
1 . B K
‘ characterlstlcs\\> : _ .- o

and time requlred for waterlng (Plate 8 and Appendlk

v :q ’
The final objective of any rhlipspherq.work wOuldﬂbe to use
i L

this 1nformat10n to manlpulate rhlzospherc mlcroflora to the plants'

70U . , L
llbenefﬁl( & | N o . » . — \
The)rGSults presenged in Table 16 are the firstpattempt at

v



' ‘ 101

Plate 7. System for growing sterile plan

ts with pressurized sterile
air flow, . ' : v :

Platev8.'vSterile§plant‘grow system with pressurized sterile air v =
' ' stream and gravity feefl nutrient reservoir attached. = -
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shing specific organisms within the rhizosphere and observing
-Only in

These plants were grown with air supplied by -diffusion
It

esﬂ!&i%‘ »
their "effect. 3 s
(Plate 6) .and as a result were very small at harvest date

the case of total weight are any of the differences signlficant.

is interesting to note the- increased root growth 1nduced by the

1noculation qlth organlsms 14b and 47c that results in a decrease of
N

All differences in the organism-connts (Table 16) from the
There are no relation-

shoot/root ratio®

tréatments are significant at the 997 level
ships between observed pinnt growth and organism establishment

within the rhizosphere
'SamPlings
The

Because of the poor growth of plants in this original inter-
action study, the work was répeated but plants were grown in the

i

aseptic chambers with a pressurized air flow (Plate 7)
were i made at 65 and fOl days from sced sterilization (Table 17)

e; (- ‘..u
diffLrence in total keight.(GS days) between the sterile control and
inoJulum 47¢ was signlflcant at the 95% 1evel, as it was in the first
tesL This was not so with 16b and mixdd culture 1n0culun,‘althouqh they
wéfe .cnly sllyhtly smaller th;n the 47¢ plnnts.> The'slightlyxlarger ,
S/R ratio feor the inccnlated plantsiis aneindlcation ot norc.rapid _ “
' rowth. It is during this etag ,Maner ideal cnnditions that the .
plant nroduces a gteat_deal of.top‘?touth {Van ferden, personal
. : \
e trends chanéen and‘the mixed culture inoculate
This was identical to
Again, the inoculnted :

/‘eomm.).
By 105 days,
plants were smaller than any other treatment.

the results for the initial test (Table 16)



IS

Table i?. Plant Growth On Inorganic Nitrogen As Influenced By
}ﬂcroblal Inoculatlon
Inoculum ‘Root éhoot fntal, S/R
Wt - Wt . Wt '
(mg) ; (mg) (mg)
“Growth For 65. Days From SeSd Steriliiation
Sterile 23.7 57.9 81.6 a* 2.51
Mix " 26.8 76.2 103.0 ab - 2.87
14b 28.6 75.0 - 104_3.6 at} 2‘,.63 |
47c 27.2 78.? : 106.3nb ‘ .. 2.94
Growtn For 101 beysifrom Seed Sterilizatien
Sterileb 94 238 332 2.53
Mix 73 177 251 2.42
iéb 144 241 385 1.67
47c 126 .223 3&5 1.77

* letters followed by'different numbers are si

at the 957 level.

plants had the lower shoot/root ratio.

change between observatlons made at 65 and 105 days emph351zed the

importance of making comparisons at simllar points in. uhe growth

cycle

grcwth rate of Jack pine seedlings to become ev1dent

5growth period fea51b1e should be used for assessment.

26—week (182- day) growing pCTlOd

’this study, ‘because in the operational growth of container- -grown

gnificantly different: 3A)

While not‘significant;
X -4

reproduciﬁfﬁity of the'observations‘was at ' least grétifying. The

Swan (1969) has suggested that for real differenccs “in -
the maximum
>He used a

That period is- unrealistic for

1

104

N



~

-redueevnitrogen availability and make the plant somewhat dependent

~

reforestation*stock,»the growth period is 18-20 weeks (126-140"days).

Any changes in plant characteristics must therefore be induced by

o 5
the end.of that time period.

®

. As stated earlier;ﬁone of the requirements of a system,for 

. the growth of'aseptic plants was a‘growth rate equal to those

achieved operationally j Endean (1971) has reported maxirum plant
weights of 270 mg forrlodgepole pine grown 108 days under light,
temperature and nutrient conditions similar to those used in thlS
experiment. The major difterence,was a peat-soil mik% and the use
of a "Styro 2"‘c0ntainer. \Comparison of»Endean's'data,.with that
in Table‘17, indieates equal orlhetter growthhrates ;ithin the

sterile chamber.- Comparisons with the hypothetical growth curve

(Appendix 6) drawn from published information are equally favorable,

When three-quarters of ‘the nitrogen in Hocking solution

was -replaced with an organiC’nitrogen source,  the effect was to

on the aSSOCiatedkmicro?organisms for the neceded nitrogen. At the

age of 65 days, the organie_nitrogen—grown'plants (Table 18) were

s

‘not signifieantly smaller than the inofﬁanicallv grown plants

(Table 17) alth ugh that trend is suggested by the g outh rates of

the inoculated lants That these plants are not doing as.well is

. -

‘also. suggest by the lover S/R ratio af the ‘organic N grouth plant.

_,// Plants grown under lower nitropon availablllty have -a lower: S/R

ratio#(Swan, 1969; kinghorn, personai corm.) and a reduced shOot‘A

' heightbgrowth.l In this experimenpt, the height-growth at 65 days

~was 60 mm and 71 mm, respectively, for the organic and inorganic

A

105,
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3
- /
Iable 18. Plant Growth‘sé‘prganic Nit;pgetbas Influenced by Microbial j
Inoculatipn: ?l<ilf§ftg //‘
\m
InoculumA Root Shoot TOtal S/R
Wt Wt ‘Wt
(mg) (mg) (mg)
Growth Period of 65 Days from Seeding
Sterile 25.6 48.3 | 73.9 1.91
Mix 26.3 61.3 gi.7 | 2.33
14b 29.8 57.9 - 87.8 1.95
47c 29.8 ' 54.8 84.6 1.84
Growth Period of 101 Days from;Sgediné
Sterile o 115 105 220 .94 ax
Mix 103 152 255 1.50 b
14b '119 134 253 1i13.ab'
47c 83 125 208 1.62 b

* Numbers followed by the same letter . are

the 957 1evel;

not significantly different at

N LT
AL
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il .

nitrogen-grown plant. Similar observations were evident at 101
days, where the trend was\fo a smaller plaqt. None of‘these
differences are significant. The data from the lOl-déy sampling
indicate a significantly different shoot—to—roo; ratio Eiought
about by the prescqce.of'the mix and 47c inoculum. Since’ this
is an increase in-shootfto—foot ratio,.it is probably fhe result
éf an inéfeased nftrogen availability. ' In the organism characteriza-
tioqs; both 47c¢ and 14b were prdteSIytic positiée, while only 47c
was positive fo: ammonium productibn from casein.

Bacterial counts wi%pin the~rhiidsphere soil at tbg end
‘of Fﬁg 65-day growth period for pléni% grown on an inorganic N
so;rce (Table 19) are not significantly diffe%ent {romvthoge aftef;

102 days"groth (Table 16). It is:not surprising that the-count

for the soil mix inoculum are significantly larger on the organic . &
. . . g . ’ ";'b
. ] . A L ‘ ' : - -
nitrogen, since the casein will act as an additional energy source. . b
The rhizoplane inoculum, 47c, appears to be uninfluenced by the ex- 1y

ternal energy supply. and is restricted in‘activity by the particular. .
root organism association.

i '

Table 19. Organism Counts within 65-Day-01d Seedling Rhizosphere §

Inorganic N ' Orgaﬁip N
Mix ‘ 72 x 10° _ 85 x 10’
47¢ _ . 82 x 10% o - 82 x 10° - §

14b - : 0 32x10° B 14 x 10°




. V. Conclusions
5 Data presentéd in this qhesis‘have provided some informa-
tion on the role of.the bacterial component in lodgepole pine
fhiz;sphere soil and have demonstréted a number~of differences from
that of the.nonj?optrinfiuenced soil. A;vin.most similar sngies,
the number of bacteria increasesbwhen soil is subjected to goot
influence. The streptomycetes increased to a lesser extent than the
bactérihl.componeﬁt.' In tha maturevtree—root,stﬁdies, the rhizo~./
sphere effect increased with depth‘and is priﬁaril) associated with
feeding roots. The magnltude of the stimulation within the rhlzo—.

plane is striking when all data are expressed and compared on a .

surface area basis (numBer of organisms/lOO'sq.cm).

PR )
u

*If the total numﬁer of‘orgdnisms @s acceptedzﬁs a rougb
\indicatorvof microbiél'activity; a majoriﬁy of ail soii act;vfty
- takes place right-on ‘the root surface.

- The preliminafy study iﬁdicaﬁed that the almpst pniversallyf
réported éﬁimulation of gram-negative organisms within the rhizo-

gﬁhere is not preSént.in the lodgcpoie pine'rhizqsphefe soil., This

may 5e a result of avhigh proporﬁion of gram—nggativcs within‘thg
cohtrol séil. In.further contrast to otherﬁreportg,rhizoplﬁnc.orgnnisms
do np; demonStr;ﬁe aé fapid a,growih rate as ;he non—root—influénced
soil isoiates. ThE) do¥ however, respond in-greéter proportions to
amlnoaacid nutrient Suppligintatlon than do the control organismsv

The rhlzosphere isolates haye consistently demonstrated an

increased ability to briﬁg about phosphate solubilization and may

be of impoftahce to the phosphorus'\status‘df the plant,
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Proteolytic and, amylolytlc organlsrs were found to be

4@ suppressed within the rhizosphere.

j
o

The suppression of proteol}tic

organisms is in contrast to many other observatlons and would

indicate a reduced'nitrogen turnovervwithin the rhizosphere. In

4

Thesé observations, combined with

production from iactose and of urea hydrolysis within t rhizoplaneo

microflora, suggest a proportional increase in the Achromobacter?

within-the rhizoplane.

additfon, ammonifiers were also reduced within the rhizosphere.

thf reduced frequency of acid

-

K

)

Chitinolytic organisms were 5uppree§ed within the rhizo—

sph%rngf the mature tree, whlle belng stimulated within the

_rhizosphere of the young seedllng or sapllng. With'this exception,

pS

"7 the observations based on a very limited number of charactcristics

suggest thatf{hé‘rhizosohere flora of older and younger trees are

/similarj ]

P

: t !

_;; The dncorporation of env1ronwental tests indicated that the

rhizo;ﬂ(nu\ flora Was sllghtl\ more sensitive to acld pH _ This

would suggest a more alkaline’pH in.the rhizosphere . The thizoplanc

-oisolates were dlbo less capablL of grouth §¢ 3v~0C

A stclile glouth Lhambor has been de\clop;d that allows

~

‘growth ratcs; under‘stcrilcfconditions, equivalent'to'those achieved

in opcrat >hal prncticos. Stud1e<

actions w. 1 a liwitod number of ox;dnlsTs havo 1nd1catgd that ‘th

of n1cro—orzanlsv/plnpt 1nter—

ese

organisms can have a definite effcct on thc plant prowth rate Qnd'

o

the d trlbutlon of this gy uuth.

¥

beedlyng,chtrocrerxstlcs is thus dgxunstlatcd but the means of

v

vxhu potential for contro]llng

.
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¢ : o P 'a

controlling trkz inoculum in a non-sterile situation-is unavailable."

e Lo .
These results demonstrate the need for pursuing the study

of the rhizosphere microflorz and developing a ﬁechanism'for

7

. . L . s i .
controlling the organisms associated with seedlings in the initial

phaéL of growt_i’ijt:5 ' e

j

N
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APPENDIX 1
Microbiological Media
A. Isolation Media

1. Bacteria and Actinomycetes

a) Stevenson Yeast Extract Agar .

‘(éook, personél corm.; Lochhead and Chase, 1943; Corke and

+

Chase, 1955).

Ingfedients ' gramslliter

Dextrose N ’ v 1
K2HPOA ' E >‘.1 |
. (NHI".);'S.O4 | 5
.Mg59€§7H2Q ] . .2
CaClz. »‘ - .1
NaCl _ _ .1
. F§C13 ’ ‘ .0;'
- Yeast Extract 1
Agar. - - . 15

Actidione is added to the sterilized abéVg’
medium when at 50°C to give a final conc. of
80 nanogm/cl. : :

b) Plate Count Agaf.(Difco‘Laboratoirie Inc.) R P
. : ’ o~ e o A . 4
Ingredients S ' grams/liter ,‘ﬁ
Tryptone = | ‘f' hK
"Yeast Extract s S 2.5 ® !
Dextrose - S P
Agar . B 15 _u;{

c) Soil bacteria mix (Dangerfield, dnpublisﬁ@

‘Ingredients - C
» . 3.

KZHPOA .

glucose-
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. Ingredients ‘ graﬁs/liter
S ereCents el L0 5 P
(NH,) 80, ' 5
'Mg504p7§20 . .2
CaCl2 ‘ : .1
NaCl 1
FeCl3 R .01
Avicel (TG 104) A |
Starch o _ 1
Casein » .25

This medium is adjusted to pH 6.8.

Filter-sterilized Actidione is added
after autoclaving to give a final coricen—
‘tration of 80 nanogm/ml

2. Fungi

a)'Peptone—Dextgose—Rose Bengal Apar (Martin, 1950)

Ingredients ' ‘grams/liter

Agar . ' , _ 20

K PO, e !

MgsO, .7H,0 I

Peptone . B 5 :
Dextrose » 10

" Rose Bengal (1/ Solution) is added, 3.3
ml/liter after remainder of replum is ' boiling.

Streptomycin is addcd 30.0 mg/liter after’
coollng autoclaved medium to 45°C. _ )

B. Storage Medid-
1. Bacterla

a) General medium (Dangerfield, unpublished data)

Ingreditnt o grams/liter

Dextrose N !

Tryptone o : .5 )
e 2.5

Yeast Extract



APPENDIX 1
. Microbiological Media
A. I;olation Media

1. Bacteria and Ac* nomycetes

~a) Stevenson Yeast Extract Agar

(Cook, personal comm.; Lochhead and Chase, 1943; Corke and

',Chase, 1955);

Ingredients v grams/liter
Dextrose ., 1 .
KZHPOAY f o : ) 1

wy), S0, s
MgSOA.7H2Q : ‘ : 72,
caCl, / » | SRS

NaCl - | - .1
 FeCl3 ; : : i .01
Yeast Extract - 1

Agar - 15

Actidione is added to the sterilized above
‘medium when at 50°C to give a final conc.of
80 nanogm/ml. ' o

b) Plate Coﬁnt Agar (Difco Laboratoirie Iné.)

S v ®
Ingredients e grams/liter <
Tryptone ‘ - ‘ '1' 5 ,-'/jj.
Yeast Extract . o 2.5 -
Dextrose ' ‘ 1

Agar . 15 .

Ac) Sbil bactgria hik (Dangerfield, unpublished data).

« Ingredients: | o grams/liter:
KZHP04 A . _ 1 .
glucose . S -1 '

~
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‘B.

1.

Ingredients :gramé/iiter
f(NHA)ZSOA | | .5
MgSO, +7H,0. . 2
C_aCl2 - - S

NaCl " T .1
FeCl3 . B I w01.
Avicel (TG 104) - | -
‘Starch v o i".‘
. Casein ‘ .25

This medium is adjustéd to pH‘6 8.

Filter—sterilized Actidlone is added
after autoclav1ng ‘to give a final concen-
tration of 80 nanogm/ml

Fungi

a) Peptone~Dextrose—Ro§e Bengalegér (Martin, 1950) -

Iﬁgredients'_f grams/liter
. 2 k - ’ ' . . ‘ ]
;.. Agar e o .20
KHZPOA - . o 1 _
,“3504'7H20._ T Lo 0.5:
. Peptone .
Dextrose - v, - _ ~ 10

Rose Bengal (1% Solution) is added 3.3+
ml/liter after remainder of redlum is b01ling

Streptomyc1n is’ added, 30.0 mg/llter after -
coollng autoclaved medium to ~5°C

.

Storagc Nedia . 5 T ’

Bacterla\

a) General medium (Dangerfiéld; unpubliéhed dafa)
Ingrediehts' . grams/liter:'
Dextrose = - R J‘: 1

Tryptone

Yeast Extrart . 2.5

BN
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/

= Ingredients grams/liter -
; Vitamin Free Casamino'5§;Q __ 2.0
Citric Acid ' ,t’vf'ff, .05 | .
“This medium is prepaned as afbroth o ‘ ~
tVsemi-solld agar (0 5/ agar) ot as solld
agar (1 5% agar). Cw K
2. Fungil

a) ﬁalt Extract'Agar (Difco Laboratorie Inc.)

Ingredients o ~ grams/liter

Agar £ . . 12.75

Maltose . '\ 2.75

Dextrin o -";2.35

Glycerol S 0.75

. Peptone © 15

C. Organism Char?¢térization v R ’p\
1. Fungi :

a) Czapek Solution Agar-(Difco Labg;atories Inc.)

Ingredients o : grams/liter‘
Agar _ - ‘ 15
N;NO3' : : 2
kZHPOF‘ v' | : 1
‘Mg 504‘."7}‘120. o ‘
KC1 o R
Saccharose 30

AL ‘ -

- FeSOA ‘ L 01

b) Pqtato Dextrose Agar (leco Laboratories Inc )’ 

+ - Ingredients 9 grams/liter
TS | Potatoes, fufusion from . 200 :
v, ' Dextrose - ' .20
Agar . - , 1S
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_25 Bactefia‘

- a) Stai%h,hydrolysis %Sundman{ 1970)
General medium solid agar plus 0.2% soluble staréh, 5 ml of

this*mediﬁm isfla&éped over 15 ml of water aga;.' Colonies are
1ncubated'for‘7ﬁ3ays at 20°C.

’ A zone of clearing around the colony after flooding with

a
« | >

1/10 strength Lugol's iodine was scored pos}tivé_fo: starch hydroly-

sis. . S
Lugol's Todiné -

R
o

lodine - - 58 s
Potassium iédiﬁér 10 g Z? _
Distilled Water : 100 ml «

Chitinfhydrolysis (Gray and Bell, 1963)

Ingredients .~ grams/liter

‘Hydrolyzed Chitin 3 .‘lS ‘

R HPO, , s

MgSO, 4 : .3

' CaC12‘ o o _ W1
FeSO, | .01 .
Glucosamine HC1 : o .05

Vitamin Free Casamino Acid W2

o Yeast Extract _ L .2

Agar j REPR R
The pH of thfS mcdia is adjuéted to 7.0:Eefore autoélaving.
This medium is layerqawélml'ovep 15 ml of'wafer'agar.
‘ szone of(ﬂcaring around a colony in 14 days at 20°C is
scdred ﬁosipivé for-chitin hydrolfsis.
_?REPARAfioN OF HYDROLYZED CHITIN: ‘Di§solv¢'p0wdered Chitin 1:10 in ;

' concentrated HCI aé35O°C. Filter.tﬁroﬂgh glass wool and reprecipitate
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by‘dilution in distilled water. Wash precipitaté three times;
neﬁtralize wiﬁh NaOH and rewash.
“c) Phosphorus solubilization‘(Katénelson and Bose, 1959)
_General medium solid agar'plus‘SO ml of a'sterile 107
'KZHP04 and 100 ml of a sterilé 102 CaCl2 pér liter. .Theée'sqlutions
are mixed at ASOC before 5 ml of “the completed:medium is léyered over
15 ml Qater agar.
A zone of ciearing around a‘colony in 1& days at ZOOC is

scored positive for phosphorus soltbilizatioh{

.

‘Media for the Preliminary Study

i

’ #

Ingredients ' ' -
Glucose . 1 g
Agar : . 15 g

Soil Extract (Lochhead) 1000 ﬁﬁ
* : After sterilizationvand cooling to 45°C mix in the follow-
ing sterile solutions.

K,HPO, (10%) 15 ml
CaCl2 (10%) ' 30 ml
Adjust to pH 7.0 with Sterile NaOH.

d) Casein hydrolysis (Cook, péféonalicomm.)

‘Ingredients - grams/liter ‘j?
Powdered Skim Milk ' - 15
Yeast Ex;fact .5

Vitamianree Casamino Acid .2

~ Citric Acid

- Agar
This medium 1is layefed 5 ml over 15'mi of water agar.

A zone of clearing around a colony- in 7idays at 200C is
o _ : o .
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scored -positive and indicative of casein hydrolysis. _,‘ _ '

e) Eipolysis of Tween 80 (Sierra, 1957)» f

-8

[

General medium solid agar plus Tween 80'which is sterilized
separately and added at a rate 5: S‘mikliter when at 4590C. y |
| An opaque halq arodnd a coldny follqwing 7 days incubation
vet 20°Cvis scored positive and indicative of lipol;tic activity;‘ : -
f) Phosphatase (Cowan and Steel, 1965. Page 162)

Generel medium solid agar plus 10 ml/liter of a 1% phenol- :
pthalein phosphate solution which has been filter:sterilized. These
solutions are mlxed when at 459C and Juet before plates. are.poured

inoculated plates are incubated 7 days at 20°C before a
drop of conc NH40H is placed in the top of the inverted petr1 dish -
Jv_‘l:lﬁd‘T Colonies becorlng a bright pink are scored positive and
indicative,of phosphatase activity.

g) Oxidase (Blair et al., 1970. Page 679)

General medidm solid agar Qas used to grew up eultdres for
48 hr a£ 200c. At éhi;_;ime one of two. tests,was perfonhed.

1) A couple of drops of a iZ.solufion of tetram&ethyl—ﬁ*
~ . ' -
phenylenediamine dehydrochldride'is added-;o'the colony sdrface.

: Colohiesrdeveloping a dark purble coler in,QO.sechaxe scored pecsitive.
2) Culture serapings usihg a plntihum looh arebtratherredA

to.a filter pabcr dampened with.thevhengeht;- Colonies:develobidg

a pufplebcolor'ih 60 sec dre scored positive for oxidaee activity,

. h) vCatalase (Blair et al., 1970. Page 675)

General medium broth buffered at pH 7.0.

Cultures ‘drop inoculated and incubated for 7 days at.20°C



were treated with % ml of 3% HZOZ'.

positive and is indicative of catalase formation.

1) Urease (Difco Laboratories Inc.),

Ingredients grams/liter
Yeast extract . - - o .1
| NazHPO4 . - 9.5
)] %ﬁxHqPOA ' : : 9.1
; Urea , 20
(A Bacto—phenol red o .01

.
i, i P

e o S
This medium is filter-sterilized. Drop inoculated cultures _

132

CGas production is scored as .

incubated}at,Zoociare examined déily for 7 days. A red-coloratiﬁh‘is_

i

scored positive for urease.

j) Ba¥al medium (Lochhead and Chase, 1943)

@&Ingrédients' grams/liter
Glﬁdbse a ) : I,O
o KéﬁPQL ' | Lo
RGP .5
| MgSOA - : , .2
} Can2 .1
. NaCl ' . .1
© 0 Fecly | | .01

k) Aminb'acid;mediumi(Stevenson-and‘Rouatt, 1953)”

A

- Basal medium blus 0.4% of vitamin free casamino acid (Difco)

’"Typical Anialysis of Bacto-Casanino Acid (vitamin free)

b

3

L. Ash a9
N -Total Nitrogen - . 8.0%°
N Amino Nitrogen - 6.57 -

T Amino Acids (in percentages)
‘Arginine F v.bf, 2.0 Q&
g : '



1) Yeast - amino acid mediun (Dangerfield, unpublished déta)

Amine acid medium plus O.liibf v

Aspartic Acid.
- Glutamic Acid
» Cljcine- K
Histidine
/ Isoleucine
Leucine . :
Lysine Methionine
Methionine ,
Phenylalénine
Thréonine

Tyrosine
. Valine

T
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5.0
15.0

1.0

1.5 _

4.0 .
5.0 E
5.0

1.0

2.0

2.0

1.0

4.0

[0

east extract (Difco).

Typical Analysis of Bacto - Yeast Extract

Ash
‘Total Nitrogen
Amino Nitrogen

107
9.5% T - N
7%

Amiho»Acigs»(in percentages)

Arginine
Aspartic Acid
Glutamic Acid
Glycine
Histidine
Isoléucine ;
Leucine
~Lysine ‘
. Methienine
‘Phenylalanine.
~ Threonine
7Tyrb$ine

Valine

1
5

6.5
2.5
1

3
3
4
1
2
3
0
3
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vitamin Factors (mfcroérams per gram) = . * .
Pyridoxine ' , ; 20 @
“  Biotin | ]
Thiamine ‘ . 3 |
-Niqotinic Acid 280 b

Riboflavin . - - 20
é) Yeasi‘exfract medium (Lochhead and Chase, 1943)
Basal medium plﬁs 0.1% veast extract
— T y
n) Yeast - Soil extract (Lochhead ﬁnd Chase, 19:3) o
Yeast—amino acid medium inﬁwhi;h_one quérfef of the distilied
water was fehlaced with soil extréctﬂ The soil extfactvwaS'brepared'
by aufoélavihg 1000 g of soll iﬁLIOOO ml df.wéter for 20 minutes

(Lochhead, 1940). This was'allowed to cool overnight before filter-

ing and making‘the extract volume to 100Q ml..

b .

| o L e
o) Ammonification (Cook, personal comm.) ST
Ingredients ' Eréms/litér
. Nutrient broth (Difco) 16 |
Casein (Difco) . ‘ 5

Incubate with.inocula;ioh for 7 days at 25°C and test for
free NH, + with Nessler's reagent.b

[ 2

- Nessler's Reagent (Cowan and Stcel, 1970. Page 148)n
Dissolve 5 g potassium iodide in 5 ml freShly distilled

water. - Add cold saturated mercuric chloride solution until a slight

precipitate permanently remains after thorough shakipng. Add 40 ml

9N NaOH. ‘Dilute fo IOO'ml with distilled water and allowed to stand -
for 24 hr. o .

Notes. The water used in.its.pfeparatioh'must'be'ahmonia—free.

Allow the‘réagent to settle before use, Protect from ]ighf;



Yellow précipitate inditates.ghé?presence of‘freé ammronia

p) Nitrate reduction

[
Ingredients | \\ grams/liter R
—_— N
KNO3 ' - : 370‘
Bacto-Beef ‘Ext . : 1.5
. Bacto-Yeast Ext , ' 1.5{
Bactb—Peptonev 5. V
Bécto—Dextrose . S 1%
‘Sodium Chloride . 3.5
Dipotaésium Phosphate . 3.68 .
Mono Potassium Phospﬂate <}“”;1.32 o

After growth for 5 days, fhe cuifﬁié is tesféd for the
presence of nitrite with_Criess reageht,. Aipiﬁk'éoiéf indicé;es the
nitrite ion and'thus,nitrate<reducti§n; In the‘abgén¢ebofvnitfite;
the sample'aust,be cﬁéckcd to see_tﬁat gll nitrate has not Eeen
removed and thus-theAlackﬁ§§ nitrite can be expLainédvby ;He‘lack of

 nitrate SU?SCY&IC&:EThié%ig.FarriEd.Out by adding a féw ggains of a
 powdére9 m;tal mixture to the negative reaction sdiution.i Any
nitrate bresént is redhced to nitrite and a pink color dévélops.
_tiNitrqte gresénce was also checkea in somé‘casbs by'mixink Z_drops of
culgdre with 1 d:op eéch of concentratéd H2504 and'(ﬁphenylaminel

A E;ép blue indicatés nitfage or nitrite.

Y

Criess reagent (Cowan;and Steel, 1970. Pagé 148)

B  Solution A Jg
Sulfanilic .acid o 8 grams
AcetiC'acid}(Sﬁ) - o , l‘li;er' ‘

[

: ‘fSolutioh’B

‘ Napthylanine 5¢g

v
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& -

\.\' S E

. : . -
Aceti& acid (5N) , » 1 liter
A -
'The 5N acetic acid consists of 1 part glaci&f-acetic acid
to 2.5 parts distilled water. EQﬁal parts .of A'ahd’B'are‘mixed just

prior to use.

G o " Powdered metal mixture (Alexander and Clark, 1965)
Zinc powder o 1 gram
MnO, powder o 1 gram
Copper powder _ ‘ 0. 1 gram (/\\\

Dlphenylunine Reagent
l)lDissolve 0.7 g‘of diphenyiamine in a mixture of?QO ml of conc
SUifuric acid and 28.8 ml of distilldd water.,
2) Cddlvthis mixture and add slowly 11.3 ml of conc HC1. Let stand
overniﬁht.
B)A%fter standing oyernight,‘éomé df'the;bases will 'separate,
showiné thatlreagent is saturated; |
d) Methylene—blue rdductlon (Katzneldon‘and R0uatt 19S7a) ; . N
General DEdlum broth plds methylene blue added to a concen
' tratlon of 5 ppm. kedlum 1s tubed, sterlllzed and’ drop 1nocu1ated
Cultures are eyamlned daily for 7 days while incubated at 20°C
learing of . medium is scored as positive for nethylede blue reductlon
r) Growth at different pH (ﬂunro 1970)
Solution A | 0.1 M Cieric Acid T
Solution B | - 0.'2 M Ra,liPo, -
Solution A-and B.are mixed in the volume indicated in the
attached table for the deSLred pH These are then dlluted to 1 liter‘

-

" and the dry components of the Ceneral )ﬁdium added.
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pH ml A ml B

¥

4.0 307 193 -,

4.6 , 267 223 . s
5.0 | 243 257 |
5.6 . 210 290

6.0 - 179 321

6.6 - 136 | 364

7.0 : 65 436

Cultures are drop-inoculated in this broth and incubated at

20°C for 7 days. Visible turbidity is taken as evidence of growth

and is scored positive.
_8) Growth at dlfferent temperatures (Sundnan, 1970)

Organisms are 1noculated to General bedlum and incubated at

Y

the desired tewperature prlor to .examination for turbidity khlch was

. taken as ev1dence for growth and scored positive.
v.,\ : *pg.

3—4°C 3incubate“for“2 qda\s

'370c

t) Oxidatlve Iermenta§§ tbohydrate metabolism (Becard and
" Holding, 1960) o ) : .-
’Ihgredients . ‘ﬁgraﬁs/liter
skt 3 htelct et Shhidiak fetd ool
o NH, H, PO, | L s
,( K,HPO, .

Yeést Extract

Agar o - . - 5.0

Bromethymol Blue (1% . 3 ml

solution at pH 7.2) - P

" This mcdium was . ster111~eu before fllter sterllieed carbo-

h)drate was added to give a flnal concencratlon of O 3% W/V.  Tthis
7
N

medlum was»thén aseptically dispensed inte 13 x 100 mm tubes in



5 ml lots.
| Cultures ‘are "sfab"—%noculated and incubated at ZQPC. Ail
guhés aré examined daily for 7 days and then at 14 and 21 days.
BLUE ~  ALKALINE pH
YELLOW ACIDICt PH
A yellow color throughout the tube is indicative of‘acid
formatiqn ahd a fefmentative type of metabolism.
u) Bacterial gram étaining (Society of American Bacteriologists,
1957. Page 16).

BACTERIAL GRAM STAINING -

.Hucker }odification
Ammonlum Oxalate Crystal Violet (Hucker s)

_ Solution'A - : ‘Solution B

Crystal violet (90% dye conteﬁt) 2 g Aﬁmoniuﬁ oxalate ... 0.8 g
Ethyl alcohol (95%) . 20ml  Distilled water .... 80 ml

Mix solutions A and B

Gram's Modification of Lugol's Solution

Iodine , ‘ _ %‘ % g
KI , N 28 : o
Distilled water 300 =l

Counterstain

Safranin O (2.5% solution in 957 eti ~ alcchol) . [O'ml

" Distilled kater - o 100 ml
Staining schedule: : ' -

1) Stain smears ] min with armonium oxalate crystal violet. This"

‘

fbrmula has sometimes been found to ‘give too intense staining, so

'tha{\certaln gram—negatlv"organisns (e.g. the gonococcus) dc not

properly decolorlze. If this trouble is encountered it may be

138
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2)

3

4)

5)

8)

avoided by using less crystal violet.

6.

Wash in tap water for not more than 2 sec.
Immerse 1 min in ifodine solution.
Wash in tap water, and blot dry.

Decolorize 30 sec with gentie agifation, in 95 per

Counterstain 10 sec in the above safranin solution.

~

alcohol. Blot dry.

Wash in tap water.

4

Dry, and examine.

Results: Graﬁepositive organisms, blue; gramnegative organisms,

red.

¢

}j)

-~

cent ethyl

4
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. S :‘ 08 APPENDIX 2

Surface Area‘ofWSmall'Roots
Root volume, as determined by displacement, is‘SUbject to
error caused by penetrationfoffthe_liquid into the root and by entrap-
ment ef small air bubblesign;thelrodtisurface. Penetration of the - |
liquid of high viscosity. lrapping df air hubbles which increases
the determined volume, can be reduced by using a liquid of low surface
" tension. Since root.material has a specific grav1tyvof less than one,
a liquid with a low specific gravity would help to reduce errors
. ,causedtbyAconverting weightszto velume. For these reasons,‘ethanol-
was-selected as the best liquidﬁto usequr/determinatidn of root-
i volume by'displacement.
| K‘E;hanol
‘Specific giavityl g '.0.791 é[cu3
Viscosity 5 1,003 epfli'

P

Surface Tension (20°C) 22.75°dyné/cm

1. TypicalADetermination:of Root Surfacefﬁreiz
Root length was “measured to the nearest millineter ‘ The
? \\ . ) 'w ; .
/?égznsegments were then: placed in a wire mesh basket which weighed
: l’ R R

3.9519’g and 3.5573 g, Suspended ,h”alr and ethanol, respectively.'

"‘h The weight of basket and rootsawap then determined while 5uspended in’

XY

:air and eth nol

fWeight in Airlggn v;Lﬁ ‘ E o 5.6501 g - _ -
Weight in Ethandl o | 2.9154 7
o Volume Eguivalent Wt (Root + Basket) 2.7347 ‘ ',/// i‘
o leume EqUivalent Wt (anket)h' ‘ .3946 |
:, Volume Equivalent Wt “(Root). 2.3401

%

JVolume of the root Inverse of specific gravity times the volume
,' - l/
'f’equlvalent -welght. of the root.
| ) 2 Y
AR P
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A L | . EE 13

. . e
, 4 &
I RS
. : o T
- o ) p) S
Thereivre C '
. ' B 3 . -
Volu . = 2.3401 g x 1000 mm™ - v , , .
. . . x0.791 g v . e . :
' o ' : o C a
= 2958 mm3 : * ' PR
o ’ R ) o . {
If we assume that the‘rootgsegment is a cyltinder then '
¥ . " “ ) -" ,7\" ) :'Y
V=T rzh
or r2 =y _ '
T h '
Substituting for h—; 736 im we have ‘ . )
't = 2958 mm T
22 x 736 mm .
; . 2 34
= 1.28 mm
r = 1.13 millimeters

[

"Since the surface area of a cyiinder'is deﬁined,by the

.
I

formula 2 T rh, we can calculate the surface of the root. .,

S.A. = 2 x 22 x 0.113 x 73.6 cm

7
= 52.3 sq cm ¥ ,
. . - ’
2. Calculation of total counts/gm from original-ddiution data Lo

Example: Total weight of sample added to 90 ml df;sterile water was

10.6 g. Oven-dry weight of material filtered out as 4.62 g.

Initial dilution factor 100.6 = 21.8
' 4.6

Counts were 67.3 colonies (dverage) on the liélted‘lo4 dilu&iops.'

Since the initial dilution was approximately 22 and not .

+

. : ) S
22 % 67.3 % 10° = 147 % 10" bacteria/g

10, the calculatibn is made as outlined below. - o

ra



Y

_Example. (total counts/g) = 147 x 10

142

3. ConVersion of data to counts per 100 sq cm

I
’

‘Counts from all samples were initlally calculated on a per

F

gram ba51s. This required that all surface area information be

. L .
converted to a per gram constant. for each sample.

a) Rhizoplane:. ' ;

4 .

In thls case, 4 62 g of the original material placed in the dilution

RhN
7

bottle had a surface area of 106.7 sq cm.

106.7'sg'cm = 23.1 éq cm/g

‘ 4.62 g
: , ‘ : _ . ¢
Converting to total counts/100 sq cm e .
) o , ;
.= (147 x 10* bacteria x g ) 100
& g 23 1l sq cm )

= 637 x 104 bacterle/lOO sq cm

“b) Rhizosphere and Control 5011,

§ The- surface area of the soil is calculatee in sq neters/g
-1 sq meter = 10,000 sq centlmeters
Since the conversion is" to counts/fbo sq cm, we'proceed as
in;the.example beiow.

| C, ,éounr =49 x 10& bacteria/g'
.Surface_Area = 14.9 sq meters/g

Converting we have

49 x_lCA bacteria x . g
g _ 14.9 sq meters

1t

3. 29 ¥ 104 bacteria/sq meter
@ 3.29 x 104 bacterlallo sq centimeteré
= 3.29 x 102 bacteria/lO' sq centirmeters

= 329 bacteria/100 sq centimeters
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APPENDIX 3
Soil Analyses
2 : :
Bxtractable ‘ ’ 7% of Total Total Surf- -
Nitrogen - Exchangeable Cations C.E.C.  ace
\ , P.0 , me./100g Area
Sample RH'+ No.” 25 ‘Na'© and sum of
H 4 3 . H+* K+ \CaH { Ex. Cat m2/ v
P" ppn  ppm  ppm e & e : 8
‘ Young Tree Site
#1 5.6 7.4 16 15 19 4 56 21 7.9 . 78.5
. L » _
f2 6.4 7.9 16 19 14 3 69 14 5.8 73.8-
#3 7 5.3 6.8 14 14 41 6~ 39 13 12.7 94.3
#4 5.3 8.5 12 22 27 3 52 18 12.4 90.2
Matu;é Tree Site
Ae 3.4 0 & 4 3] 60 6 6.5 14 .4
Bf = 3.9° 5 %% 14 58 4 28 10° 5.3 34.8
BC, 4.3 ** T 8 31 7. 48 14 - 4.2 15.7
BC, 4.7 .1 k% 9 14 4 70 12 5.5 14.6
v . ,
* 'Exchahge'a;idity
%% Trace T
by
4



TWo:one-V/V'

27 g
91 ¢
0.7 ml

115 ml

Oﬁe:two V/v

13.5 g ”
182 g
0.7 ml

>75 ml

Note: 13.5 grams of vermicuiite,and 91 grams of sand occupy equal

volumes,.

Syl “
APPENDIX 4

Soil Mix

Verniculite and sand mix

i

Vermiculite

Sand

1 MHCL

distilled H,0

Vermiculite and sand mix

Vermiculite
Sand
1 M HCL

distilled H,0
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. ) ' APPERDIX 5

*+

Nutrient Feed Solutions

Macro-Elemental Composition ' -

N: 112, P: 31, K: 156, Mg: 48, Ca:’ 80 ppm

Inorganic Nitrogen Solution (Hocking, 1971)

Stock solution 1. Use 4-ml per liter of feed solution

2

Y

Chemical o | ', ©°  Quantity
Distilled H,0 o 2 litres
H,50, (1%) | 5 ml
NHACl o o 107.0 g
KZSOQ ’ | : 87.0 g
K, HPO, | : 87.0 g
U 1.125 g
MoO S _ 0.007 g

3

Stock solution 2, Use 4 ml per liter of feed soluticn

Chemigél . A o Quantity A

Distilled H,0 . = . 2 litres

Ca(NO,) ,*4H,0 ' ,236.0 g

MgCl, " 61,0 ' » . 203.0 g

MnCl, ' . o 0.5,

ZnCl, : » ' 0.05 g o
’ .2 : ' 9

CuCl,y 20,0 | BN

Fe€l,-6H,0 _ 1.35 g

,
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2. Otganie Nitrdgen Solution .. N i
Stock 'soluti'q%-l’f ‘Use’4 ml per lite# * is_g
@ : = ) :
Chemical - , o -
Distilled H,0
HZSOA (17%) : ;‘Jr B
L KHPO, : . "
B .
H3 03
Stock solution 2. Use 4 ml per liter of feed solution
5 . Chemical SR © Quantity
' Distilled H0 . L © 2 litres
MgCl,-6H,0 R 203.0 g
MnCl, S v 0.5 g
2 _ : . |
zncl, - , . 0.05 ¢
CuCl,-2H,0 - | - 0.025 g
Ferrjc chloride FeCl, 6H,0 | - 1.35g
,f Stock solution 3. Use 4 ml per liter of feed solution
Chemical Quantity T ( '
. S
Digtilled H20 . T 2 litres
- Ca(n0y) 4,0 o - 59.0 g
NH,Cl S - - 26.75 g
Casein (Difco 14.927 N) o : 281.5 g
cacCl, T 8325 g
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APPENDIX 6 ' :f

.
o

PR N Lodgepole pine growth- and nitrogeh uptéke \\

3

15 Average Growth Curve for Lodrepole Pine. This is based on the

- published data of Hocking 1972, Endean 197! and Etter 1969.

U‘ \1
o
. . /’
700 . ‘ : S0
®
. -
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. o
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©
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>
[ o
© 300 | 3 "
B .
b
[
(o]
Lo v ‘ -
o ’ '» ) : [y
oo | /
) : ' A .
T 1 - L 1 L. J
20, " &0 60 80 100 120 - 140
B DAYS FROM SEEDING ‘ :
¢ -8
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2.. Hypoéhetical Lodgepole Pine NitrogenConsunption

G

(mg)

.Age From . Avg
Seeding : Dry Wt
0~6 wks 25
6~10 wks 65
10-12 wks ' 150
12-18 wks ¢ 500 -
18-20 wks 650

mg N/
plant

.63
1.63
3.75

12.5

16.25

dveg .
Uptake/wk

.105
“.20

1.06

. <ID ' < .
Average values for dry weight are taken from the "Average

Growth Curve'". Nitrogen content per plant and resultant Qeekly

. demand is calculated by assuming an optimally growing seedling will

contain 2.5% N.

v

i
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o .
:ﬁaiftrogénvﬂfontent for ‘Variouvs Volupes of Organic Nityogen Feed
| Sdh:t%oﬁ"l (Conc) ) ( ‘ =
of - ‘ h mg Nitrogen _
C sate , Inorganic Organic Total

1wl 7.13 "J__ 21.4 28.5
9 '; 6.41 - 19.24 - 25,65
.8 ' 5.70 17.10 22.80
g 699 1496 19.95
.6 p, 28 12.82 17.10
.5 \ L35 10.69 ©  14.25
4 o .2;85 | a5 11.40
3 | 2.14 614 B.ss
.2 o ns . w0
a gt -'V'_ 2.14 2.85



4. Nitrogen Availability for Orzanlc Nitrogen Feeding Baqed on 10
Plants per Charberl :

1) Calculated from hypothetlcal growth curve assumed V values.

o~

=

‘3“

'2)“Age from sterllizatlon is the sare ‘as age fron qeeding.

'37 Balance atithe end of the week noted.‘

‘Age From MIs ~  Nitrogen Added! , Balance

Sterili- Conc f, ) Inorganic Total X\ of

zation2 Added Organlc Inorgan1c$Tonal Consumed Rermain- Inorganic

. . Gt N ing N
.

0-4 wks
4 wks .5 1069  3.56  14.25  -4.20 10.05 . .-0.64
Swks .1 2,14 .71 2.85  1.05 11.85  -0.98
6 wks .1 | 2.85  2.00 12.70 -2.27
7wks .1 ¢ 2.85 - 2.00  13.55  -3.56
8.wks .1 2.85  2.00  14.40  -4.85
9 wks - .1 2.85 2.00 15.25  -6.14

Harvest 65 days )
10 wks a2 .71 - 2.85  10.60 7.50 -16.03
11 wks .3vﬁ§;f,6.41 2.41° .= 8.55  10.60 5.45 -24.49

s S - » : '

12 wks .4 - “?8.55 '2.85 %40 14.60 2.25 - -36.24
13 wks Y .67 ¢#12.82  4.28  17.10  14.60 4.75  -46.56
14 wks ;.6 12.82  4.28 - 17.10 © 14260 7.25. =56.88

xHarvest 101 days e

1150
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Organism Counts From Four Sampled Young Trees

APPENDIX 7

Organism Counts from Young and Mature Tree Sampling

%

\
Sample Total Counts Sta?dard Tofal Counts R/ * R/ *k
: per g Deviation per 100 sq cm S S
Control Soil , .
r1 - - 1 x10% 4205 x 10 18.
Co#2 ’ 15 x 10° +1.9 “10% 19.8
£3  Slx 10* 496 10, sa.s
$4 . 39 x10*  +1.7 x 10° 42.9
Rﬁiiosphere Soil \
1 42 x 10 +2.9 x 107 538 30
¢ 2 BT x 100 #6.3 x 107 1206 61
#3 68 x 100 +3.9 x 10° 718 13
# 4 | 73 x 10> 48.2 x 10° 815 19
’Rhizoplahe o
£1 s2 x 10°  +4.9 x 10° 48 x 10° 367 27 x 10°
f2 106 x 10°  _+9.3 x 10° 97 le106 726 49 x 10°
+3 | s6 x 10°  47.3 x 10° s1x10® 108 9 x 107
b4 109 x 10° +12 x 10° 100 x 10”282 23 x 10°
* Comparison'based on tétél_coudts/ggqﬁ'of méterial
**k -Compa;ison bas;d on télal countgllOO sq qcntimeters
| N
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APPENDIX 8

Schematic Presentation of SterfléﬁCrowth Assemblibs
o]

System for Growing Sterile Plants with Pressurized Sterile Air Flow

N ¢ ; B
EE -
G
1
; E
’,\ . :
g - —A
Al
. . '.w .i“-f . ‘ .
One pint narrow mouth mason jat wrapped in fefl and containing the
! h R K v
soi] mix. ' : : “ -
600 ml beaker.
Filtered air entry system of 25 mm Swinnex filter, 16 G hypodermic
necedle and tygon tubing held in palce by an elastic band and tape.
2.5 cm length of capillary tubing.’ :
V’\‘y - : . %1. ’ .
;Cotton batting. : » B o : 4
153 :
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+ 2. Sterile Plant Growth Svstem with Pressurized Sterile Air Stream ©
and Gravity Feed Nutrient Reservoir Attached.

D

" A. 1 liter polypropvlene bottle with nutrieht solution and air filter.
B. lfliter'polypropylene bottle cut_off'juét below neck.

€. 800 ml beaker

o

e

PE . e . )

dre . . - e . L '

..m;ﬁ%‘ Nutrient exchange line of rubber tubing with-entry. to the polypropylene
g g Wi yot

" bottle via 16 G needles pushed through 16 mm serum stoppers.

n

“E." Sterile-air filtration system of 25 ‘mm Swinnex'filtér held in palce by
'~ a 16 tm serum stopper. R : :

- F.. Rubber "0" ring.
v‘%}l . '
: R

A



APPENDIX 9

]

)

2

Physiological capabilities of pure cultures used in micro-

organism plant growth interaction study.

Ay

~ 1) Organism Selection

‘The organisms 14b and 47c were selected from the rhizo-

plane isolates. As such they demonstrated a positive response to

[4

, v
amiono acid supplementation of basal medium. These isolates

of rhizoplane. isolates.

These two were chosen so the effect of suppiyiné ;Hévf&r"
plant with different nitrogen forms converted from qrgan;c.
The isolate 14b was proteolytic and

and an ammonifier. = Other characteristics of these igdlat¢sia

presented below.

2) Organism Characteristics. -

v

Oxidase

.Catalase

Nitrate Reduction
Aéid from Glucose
Alkaii from Lactose
.Growth 37 C

Growth j—&oC

Methylene Blue
Reduction

,\,”A

»)

L7c

o+

late 47¢ was both protealytic - .7

i

+
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Organism
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> Organism
47c¢c 14b
Urease ‘ ' s -
" Chitinase .. e S+ -
' Lipase B 0 +k
: TR AT A
Phosphatas',e-‘_”';’k che T~ -
Amylz;s:é | | | - v -
POa—soll.xbilizatio’n - - |
Growth pH 4.6 = ‘ + ) @w
5.0 . - . . ‘ +' L
5.6 + o o+

-



