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; ABSTRACT

)

In central Alberta a condition known as "alfalfa sickness' has
been observed. The disease symptoms are as follows:

1: ‘Plaunts are stunted and chloratic.

[§%]

Lateral and top roots exhibit\irregular brewnish lesions,
Lateral roots are >ften girdled.

3. Poor nodulation is evident.
The pytheciacoon*,Fungus, Th cophthora megasperma has been shown t. be
a signifiésnt cortsibuio o the Aisensc process. During the course of
this studv 't was stern:nined that a large numoer of common soil bacteria
pluy.a sigritican’' ru. s co—pathoéens; These organisﬁs, studied in
detail, i.ciude F. - ius polymyza, Ciromobacterium uiolacewn; Clostridiup
sp., Cytophaga johnsonae. Erwinia carotovora subsp. carotovord, Lysobacter
enzymogeneé, Pseudomonas - f luorescens, Pseudomonas marginalis and Serratia
sp. All were {solated from lesioned alfalfa roots collected in the field;
Ihesé isolates. were subsequ.utly able to rg—infect and éause necrosis
in alfalfa séedlingé, mature alfalfa root sections, canola seedlings and
sterile discs*of carrot,vpotato and onion tissue.

Bacterial alfglfa pathogens found in this study are not ‘vvas;yé
and require a hwoﬁnd”‘prio; to entr§ into the alifalfa root. An
important natural ﬁounding'meéhanism is primary invasion by P. megasperma,
Fusariwn sp. and other soil fungi. Other mechanisms of wounding, that |

may contribute, are feeding of nematodes and alternate freezing and

thawing of roots during the course of the winter.



"Alfalfa sickness' should be thought of as a disease complex
involving the interaction between soil fungi, nematodes and bacteria
as well as the interacticn between the plant roots, the environment

and the pathogen.
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I. INTRODUCTION

Root rot of alfalfa (Medicago sativa) “in north-central Alberta is
not a new problem. It was first described'in‘1962 when it was hoticed
that yiélds of alfalfa hay gréwn éﬁ soils previously groppéd with
alfalfa were‘lower than yields from soils growing alfalfa for the first
time (Geottgi, 1962). Growth in these fields yaé variable with the
majority of plants showing éymptoms of stunted gfowth,_poor nodulation
and chlorosis (Goettel, 1962; Webster and DeKock, 1970). Examinétién

of roots revealed irregular brown to black lesions on lateral and tap

roots, often followed by girdling of the lateral roots: (Damirgi et.al.,

1976).

Greenhouse and field studies showed that neither nutrient deficiencies

or toxicity were requnsible‘for this condition (Goettel, l962; Webster
et.al., l§§7; Webster and DeKock, 1970). Sterilizing infestedzsoils with
steam and/or chemicals p;oduced beneficial effects on alfalfa growth
indicating a biological agent was responsible (Webster et.al;, 1967).
Studies by Webster et. al. (1972) and Webster‘and.Hawn (I9735

indicated that Paratylenchus projectus, a soil nematode, 'was abundant

)

in fields of "diseased" alfalfa. Further study showed that P. proﬁectus

alone was not. responsible for alfalfa stunting (Damirgi e%:gl., 1976) .-

These studies showed that root lesioning would only cccur when P. ' v

f{

projectus was combined with dilutions of "sick alfalfa soil.

Isolations from these lesions yielded Phytophthora megasperma (Damirgi
et.al., 1978), a known root-rot fungél pathogen (Erwin, 1965). =

megasperw was cited as one of the biological agents fesponsible for

alfalfa sickness.

.
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The'c?ncept of Phizosphéfe is not new and is used to describe
that region of soil under the direct influence of plant roots
(A;exander, 1977,; Lochhead, 1958). This region ﬁas an abundant and
diverse microflora. associated with it and there are many wa&s,
ﬁicroécopié, cultural or biochemical’ to study its beha&iour (Alexander

1977). Thelbadteriai component of the rhizosphere microflora is enormous

and these bacteria areinutritional}y complFx and diverse. Because of the .
,preférentiél stimulus due to plaﬁ%éroots‘in the rhizosphere over non-
rhizosphere'soils, the bacterial population of the rhizospﬂere is more
activé ehan in’a non-rhizosphere soil. In the rhizosphere there are

higher proportions of cellulolytic, proteolytic and saccﬁerblytic
- ' “ \_ -
organisms as well as those responsible for mineral cycling in soil.
. £

N,

The microbial community of the rhizospherefhas.%een thought as

o
. )

consisting primarily of non—pathogenic‘organisms .nd saprophytes
(Lbchhead, 1958; Aléxander, 1977). Pﬁytopathogens wére described as
"invaders" which implied penetration(andvinvasion of the rhizosphere.

The physiological response ;f roots ta‘this invasi;ncwould then modify-
the rhizosphere microflofa and the bathogen woqld be either successful

or be suppressed. The plant wo;ld then be termed resistant‘or susceptible
‘to Ehe pathoéen. This theory will'ﬁkld‘true for many phytopathogens but
not all. Becauserof the nutritional a;d physiological complexity of

soil bacteria, many possess mechanism; needed to utilize plant tissue
components. However most soil bacteria lack the ability té invade intact
plant tissues and must depend on a second Vafiable to provide a means of

‘

entry. Once inside the plant these organisms can utilize the array of

nutrients which the plant tissue provides. . Cell components are degraded

i

i

-



/énd the integrity of the plant cell is lost. Such bacteria would be
called opportunistic phytop.thogens. |
The objectives of this present study @as, then, to determiné if
Eaéteria found in lqsioned alfalfa roots wére indeed phytopathogens,

to characterize and classify these bacterial pathogens and to prove

their‘pathogenicity to alfalfa.



I1. LITERATURE REVIEW

Early observations

The concept that bacteria are able to cause plant diseases has
had a long and, at times, confusing Listory. Early reports of soft-rot
6rganisms were not always well documented and many researchers
experienced difficulties in the taxonomy of these organisms. This was
due primarily'to the disarray that existed in the methods of bacterial
taxonomy in the early part off this century.

One of the first documented refg;ences to soft-rot bacteria was
published in 1886 by C.J. Davaine (Ainsworth, 1981) who published short
notes on thelrotting of fruit. He showed that these symptoms were
easily transferred from spoiled fruit to fresh fruit and called the
organism Bacillus termo, which may in fact bé E. carotovora. 1In 1901
Jones described Bacillus carotov.:u. (7. carotovora) and demonstrated

its ability to cause soft-rot : 1 mor fleshy vegetables and plant parts

(Burkholder and. Smith, 1949). Bari71:s atrosepticus (E. atroseptica) was

N

iin 1902 by van Hall and shown to be the causal agent of potato

described
blackleg (Bukkholder and Smith, 1949). Similar history can be found for
the other wel —knqwn bacterial phytopathogens, P. fluorescens, P. marginalis
and B. polymyza. . . | -

Because at that early'time there were not many set taxonomic procedures,
for bacterial classificatign, confusion developed with classification of
the bacterial phytopathogens. Taxonomic methods used were generally tﬁose
developed for medical microbiology. The host from which the pathogeﬁ was
isolateg blayed'an important role in taxonomy as the organisms were thought
 to be host-specific. ‘For exampie, Pseuﬁomonas ananas (Elliott, 1951) was

»

isolated from a soft-rot of pineapple.



Names such as these were dropped from modern taxonomic references as
~ many organisms were found to be the same even though they may have
been isolated from different hosts. Thus P. ananas is in fact P.
fluorescens. For these reasons a great number of "new" diseases were )
described. The novelry in fact was that the hostvglant had not been
previously described as being affected by bacteria.

"Fungi at this time received considerably more attention,
primarily because they were easier to classify. Eﬁngi are larger,
more striking in appearance and have distinct characteristiCS'in hyphae,
sexual apd asexual spores, lifecycle and are'mdre aggressive in pﬁrsuit
of their chosen host. Because fungi can be easily isolated from most
plant infectipns ;nd‘they overwhelm the bacteria present, this led
to the view that fungi cause most plant diseases while bacteria
appeared to be rather ihsigniéicamt. A common viewpoint was expressed
by Bufkﬁolder (1949); "Bacterial plant pathogens are not soil-- ¢
~ inhabiting organisms and are apparently unable to stand the competition
in nature.". Even foday this viewpoint is still widely accepted. Many
pathologists cannot visualize bactgrial phytopathoééns existing merely
as soil microorganisms without a host or plant debris in é non-
parasitic phase. Maﬁy phytopathogens also play an important part in
the soil ervironment such as in mineral and nutrient cygling. Fajilure
to recognize tﬁis leads one to a raéher limited view of bacteria as
phytogathogens and as soii inhabitantéﬂ .fhese restrictions limit the
viewpoint as to what coﬁstitutes a root pathogen aﬁd what does not.
Dommergues (1978) expressed the view thag;\ ”;elatively few species
of bacteria are root pathogens, these beiné aerobic, non-spore forming
rods in the genera Agrobaeté?%um, Corynebactérium, Erwinia, Pseudomonas

\

°



and Xanthomonas."

Disease Process

In order to understand how soft-rot bacteria cause necrosis, it
is first necessary to un@erstand the basic plant cell structure and
the means pathogens have to agtack plant cells. All plant cells have
a basi. common structure. The protoplast has the potential to develop
into various plant tissues, depending on the environment and the
requirements to survive in that environment (Scott, 1978).

The basic planf éell consists of major amounts of cellulose,
pectic polysaccharides, hemicellulose, structural glycoproteins, lignin -~
and minor amounts of waxes, terpenes, fats, alkaloids, amino acids,
tannins and phenols (Codner 1971; Mount, 1978; Scott, 1978). The
proportions of tnese ingredients change as the plént’ages. The cell
wall consists primarily of cellulose fibers interspefsed with pectic
acids, hemicellulose, lignin and is coated with mucilage. The pectic’

)

acid fraction in the primary cell wall is thought to be arranged in
chains of an a-1,4-linked galacturonan polymer. The hemicelluloses
are covalentiy'linked(by glycosidic bonds at the reducing ends of the
pectins and are linked Sy hydrogen bonds to the cellulose fibers.
There is also a carbohydrate rich glycoprotein consisting of major
amounts of arabinose and.galactose, that is linked to the pectic acid
fraction and may aid in stability (Albersheim et. al. 1969; Zucker et.
al. 1972; Basham & Bateman,'}974; Mount et. al. 1978). The secondary
cell wall consists mainly of cellulose, pectins, hemicellulose and '
lignins. Between the pfimafy and secondary walls isvfhe region known as
the middle lamella. It is composed primarily of pectic acids but as the

plant ages, the middle lamella often becomes lignified (Esau, 1977).

s



In the laboratory studies of cell iqjury‘by pectic enzymes injury
is illustrated by. the inabi}ity of cells to accumulate Neutral Red,
a vital stain. There 1s also aﬁ increase in loss of solutes and water
from the cell and a loss of all ability to é@asmolyse in hypertonic
solutions (Tribe 1955; Mount et. al. 1970; Hé;l and Woods 1973).
In order for a phytopathogen, bacterial SF fungal, to be successful
in breaching this formidable plant cell wal} iﬁ\must possess the enzymes
able to degrade cell wall constituents. With soft-rot organisms one
group of enzymes are collectively called pectic énzymes; hydrolases and
transeliminases (Codner 1971; Zucker et.’al.‘1972; Mount et. al.1978).
Both gypes.cleave the 1,4-glycosidic bonds in the pectin polymer.
Hydrol&tic pectic enzymes inglude pectin methylgalacturonase and poly-
gaiacturonase, while transeliminative pectic enzymes include pectin
methyltranseliminase and polygalacturonate transeliminase (Codner 1971;
Mount et. al. 1978). Both types of enzymes are able to cause cell damage
but the mode of éction_is different. -Hydrolases cleave the a-1;4 bond
6f galacturopic acid chains yielding a reducing group and'aftefminal
nonreducing end. Trans-eliminases cleave the samevbond but instead produce
a reducing group and a B—&,S-unsaturated uronide .(Bateman and Millar, 1966).
These eniymes are further characterized by the manner in;which they attack
pecpin/bectic acid, that a random cleavage or -endo enzyme of a
tefminal cleavage or an -exo enzyme (Codnef 1971; Hildeﬁrand 1975).
In adéition to the above pectic enzymes a third enz&me,‘pectin
methylesterasé, is also found in many soft-rot bacteria. This enzyme
i; a hydrolase but its mode of action is different. Rather than cléaving'

the pectin polymer, pectin methylesterase removes the methoxy groups

“of the pectin molecule yielding pectic acid (Codner 1971; Bateman and



Miller 1966). Batéman and Millar (1966) proposed that the presence

of methylesterase may be important in ;Eimulating ‘the activity of pectin
transeliminases as pectic acid is the preferred substrate of these
enzymes .

As stated before all sqft—got bacféfia;proddéé some type of pectic
enzymes in varying amo;ﬁts.' Zuckgr;et. al. (1971) subdiQided the
soft-rot organisms into three groups based on the amount of enzyme
produced. Organisms with a high activiqy éf”extracellular pectate lyase
igclude E. carotovora, E.Ld;bidae;qﬁ. atroseﬁtiba, P. flﬁorescens and
P, maréinalis. Other orégnisms sﬂ;wn to produce comparable amounts of
extracellular pecta#e iyase include B. polymyxa (Nagel and Wilson, 1970),
Flavobacteriwn sp. and Clostriéiumrsp. (Lee et. al. 1970; Pérombelon et.
al. 1973; Lund and Brocklehurst 1978; Cabezas de Herrera and SanchQZ///
Maeso 1980). Christensen'(197%)‘suggested that Flavobacterium |
pectinovorum 1s more properly clagsified. ;s Cytophaga johnsonae.

Regulation of these enzymes is multlfaceted One important
factor 1is pH whlch ‘can be used to distinguish between enzymes.
Polygalacturonase has a pﬁ optimum of pH 5.0 while the optlmum for
pectate lyase is pH 8.0. The use of/;olypectate gels at dlfferent pH
values takes advantage of this difference and allows one to assess
which enzyme is active (Hildebrand 19715 Zucker et. al. 1972).

Thé sﬁbstrate avaiiablé is important in regulation of enzyme
synthesis. dSoft—rot Erwinia sp. have an inducible synthesis of pectate
lyase, while the pseudomonads are subject to constitutive control
(Zﬁcker et. al.1972). Addition of polypectate or pectin to media

o : : ~

supporting Erwinia sp. increased pectate lyase activity over that of

media containing glucose or\glycerol (Zucker eﬁ. al. 1972).



Pseudoﬁonads showed higher pectate lyase activity when grown on media
containing glucose or glycerol and appeared unable to metabolize the
degradation products of pectin unless potato extract was added
(Zucker et. al. 1972). This suggestgd that éatabolite repression by
gluéose may be operating, as lyase activity increased fourfold when
the organism was grown on glycerol rather than glucose. '
Pectic enzymes are not the only weapon of bacterial phytopathogens.
Many organisms also possess enzymes able to hydrolyze galactans
(galactanases; galactosidases) and arabans (arabinases). Cellulases
are produced by some phytopathogens, namely B. polymyxa, Clostridium,
and Cytophaga sp. Because of the large percentage of cellulose in
plant'cell walls, the ability of an organism to produce cellulase hakes
it a much more efficient and competitive pathoggn. Work by Beraha and
Garbe; (1971) and Friedman (1962, Friedman and Ceponcs 1959) suggest
that mutants of E. carotovora and Pseudom&nas unable to produce extra-
cellular pectate lyase, also lack other enzymes such as cellulases and
proteases. They further suggest that these mutations may alter regulatory
mechanisms responsible for enzyme syﬁthesis‘or they may alter bacterial

cell walls and restrict secretion of the enzymes.

Injury to plant

The most&yisible signs of a soft-rot infection are maceration and
rotting af the parenchymatous tissue of the affected part. Maceration
of the parenchymatous tissue has been shown to be initiated by a single
enzyme (Bateman and Basham 1976). A purified bolygalacturonaté
transeliminase of Erwinia chrysanthemi was shown to macerate potato
tissue (Bateman and Basham 1976). Tﬁis ability combined with that of

the other bacterial enzymes attacking cell wall constituents provides
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a formidable arsenal for bacterial phytopathogens.
In plant cells damaged by pectic enzymes there is a phenomenon of

rapid cell death. This is charactérized by the loss of ability of

cells to accumulate Neutral red. Such cells exhibit an increase in
electrolyte loss and g,lqsé;pf’ability-of éellsvgo plasmolyée in
hypertonic solutions ?ﬁall and Woods 1973; 'Bashaﬁ and Bateman 1974),
and a loss of the ability of the plasmalemma to act as a semipermeable
" barrier. It is thought unlikely that ﬁectic enzymes act directly on

the plasmalemma (Hall and Woods 1973). Basham and Bateman (1974)
propose that in a polygalacturonate transeliminase.treated cell, the
internal turgor pressure forces the plasmalemma tightly against the

cell wall. This pressure can cause rifts in the cell membrané destroying
its integrity. Under such conditions the plasmalemma exhibits increased
permeability to ions and may in fact burst due fo the increase in osmotic
pressure (Wood 1976); ~

Other enzymes produced by soft-rot bacteria that can contribute to

the death of‘piotoplasts are prbteinasés and phosphidases (Wood 1976).
They may éontribute by acting on components of the plasmalemma or other
plant cell membranes. However wﬁen proteinases and/or phosphidases were
put on unplasmolysed discs of potato tubers, they could not cause cell
separation or death of protoplasts (Wood 1976). This would imply that

an interaction between many enzymes is necessary to cause cell death.

Disease complexes

As mentioned previously bacteria were thought to play a rather
limited role in root diseases. Widespread acceptance of the role of
bacteria in these diseases was hampered by the general confusion in the

taxonomic status of bacterial phytopathogens. Contributing to the
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uncertain status of bacterial phytopéthogens were the lack\of speclficity
_of ‘many taxonomic methods, the use of selective media that was often
unable to detect low populations of organisms and a general lack of
" understanding of how bacteria survive in a nohpathogenic state.

In order to appreciate the interaction between plant, environﬁent
-and pathogens , it is first necessary té ﬁnderstand‘the concept of a
rhizosphere and the elements functioning within it. As mentioned
previously the term rhizosphere is used to deliniate that region of soil
under.thevdirect influence of plant roots. Implicit in this definition
is the fact that microorganisms are more abundant in this region than
in root—freelsoil. The numbers and typequf organisms change with
changes in the plaﬂt root: system. Thué fhe maximum rbizosphe:e effect
is reached at the stage of maximum vegetaﬁive growth of the plant A
(Lochhead 1958; Buddenhagen 1965; Schroth et. al. 1979). |

The components of the rhizosphere do not function as separate
entities, but interact with each other ;;d\may bé dependant on the
activity of other components. In its simplest form this rélaéionship
can be thought of as a pyramid with the’plant (host), the soil
environment, soil microorganisms and time at each corner of the
pyramid (Bateman 1978). When one of these'components is altered, the
other factors adjust td‘aécommodate the changé. This reasoning favors
a multicomponent hypotﬁesis of parasitism (ﬁaté&éﬁt19785. Implicit
in this hypothesis is that the host:and pathogen.havé a favourable and
an unfavouraBle environment in which to interact. In each case these
environments are made up of a number of components and it is the total

sum of all the components that determines the type of host—ﬁathogen

interaction. For example, should conditions be such that a pathogen
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can gain entry into and cause disease symptoms in the host, then’ this
"sum of components' would-be weighted for a favourable eqvironment to
the pathogen (Bateman 1978). |

| With respect to physical factors influencing disease it has been
Qell decumented that cool, wet conditions are conducive to root rot
(Goto 1972; Lund 1979; Molina and Harrison 1980; Perombelon 1980).
Prolonged wet conditions inhibit free diffusion of oxygen within the’
soil matrix thus limiting the amount of available oxygen to plant roots
and soil microflora (Drew and Lynch 1980). This'hae a siénificant
effect on'ﬁicrobial activity at the roots and a competition for oxygen -
ensues betifeen roots and microorgaﬁisms. Shortage of d#ygen and' a
surplus of water causes stress to the plant and it manifests this stress
in several ways. Photosynthetic activity decreases under conditions

of water stress and cooler temperatures. This results in a decrease in
exudatioh from roots which in turn reduces the amoent of eﬁergy seurees
availabie to rhizosphere microorganisms.

One aspect of root damage that has received considerable attention
is damage due to freezieg (Jones 1928; Steponkus 1978). .This type of
injury becomes 51gn1f1cant in the northern temperate regions of the
_yerld. The degree of inJury ‘the plant sustains depends on soil facters
sueh‘ae compaction, tendency toward frost heaving, waterholding capacity,
cultural.practices, ané climatic conditions for that time period.
Perennial crots are bred to withstand low freezing temperatures
However the alternate cycles of freezing and thawing to which a plant
is subjected throughout the course of the winter can cause considerable
stress to the root system andlmay be a eignificant factor in creating

avenues for non-invasive phytopathogens to enter root systems.
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Larger soil organisms such as fungi and nematodes play a significant
role in aiding bacterial phytopathogens to gain entr& into root eystems.
It is well known that nematodes comprise a significant segment of the
plant rhizosphere population and that they feed on plant roots (Agrios
1978) or plant debris (Bookbinder et. al.,1979). Not all nematodes cause

disease symptoms on the host plant merely by the act of feeding.

However in many root~rot diseases significant numbers of nematodes have

been observed and it is not élways immediately obvious what role they

play in the disease process. Many saprozoic nematodes are able to feed \
N b4

on bacteria or bacterial by-products and are thought to be a means of

1ntroduc1ng bacterlal pathogens into the pl%nt root (Kallnenko 1936;

Chantanoa and Jensen 1969). The nematqde Pstttonchus zherztterz was

M

shown to feed on Agrobacterzum tumefaciens, Erwinia amylovora, E.
' A : .
earotovora, Pseudomonas phaseolicola and Serratia marcesens. These

bacteria were able to survive passage through the nematode and produce

‘viable colonies oh nutrient agar (Chantano and Jensen 1969). They

also observed that baeteria were able to adhere to the nematode body

.

surface, whicq could sérve- as an additional method of dissemination.
Kalinenko (l936)_§howed that bacteria could be injected into the‘
rooe eystem by nematodes ﬁeeding on,theee roots. He used two species
ef rubberplant, Taraxacumﬁkok-saghys and Scorzomeratau saghys and found
the following hematodes ih;the reets; Tylenchus mﬁlticincta, Ty lenchus

pratensts &and Aphelenchus avenae. In the in%%stinal tract of these

e

/ .
nematodes Kalinenko found E carotovora Pseudomonas phaseolz

P. quoreScens, Bacillus mesentericum and Proteus vulgarts When
rubberplant roots were inoculated with bacterla isolated from the
intestinal tract of the nematodes,’ these bacterla were able to cause

j

!
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symp toms ofne%rosis and tlssue maceration. Kalinenko postulated hat
the combined actiom ofvthe nematodé‘plus bacterla caused extensive root
lesioning with the nematSde providiﬁg the mechanical injury and the
bactefia prov%ding the enzymatic injury.

Fungi have been shown to be associated with and be responsible for
many root rot diseases., They are extremely'aggressive pathogens and
can initiate infection easily. Chi and Childers (1966) showed thac-
Phythium and Phytophthora reduced emergence of, andcaused damping off of
alfalfa in eastern Ontario. They aiso found that in the same alfaifa
:fieldé Fusariwn an&}Rhizothina were able to iﬁcite wilt and root rot.
A seasonal distribution qf fungi was postulatéd which appeared to
correlate with the optimum temperature for growth of these fungi. As
the season advanced Pﬁythium and Phytophthbra.species decreased in |
ﬁumberS'while Fusarium and Rhizocotina solani increésed;

Many investigato?s report that'bacte:ia appear to be'associacéa
with some fungél Toot rotAdiseases (Nielsog 1949; Bushohg'aﬁd‘Gerdemann
1959; Stanghellini 1972; Gaﬁdet”et.°al. 1980). Bushong and Gerdemaﬁn
(1959) reported that Phytop@;hora was most often isolated froﬁ alfalfa
in early spring and fall while Fusariwn, in combination with other éoil
fungi and bacﬁeria Qas isolated during sﬁ;mef. This would appeér'to
support ;he theory of a seasonal distribution of paﬁhoééns;’

’ Fuéarium,species have been reported to be in aséo;iation with
‘blackleg of pot&toesh(NielsonllQ49; Stanghelliﬁi 1972), root and crown
rot of sainfoiﬁ (Gaudet. et. al. 1979) and bottom rot of lettuce
(Pieczarka and Lorbeer 1974).. Fusarium roseun was shown by Stangheilini

(1972) to."activate" the soft-rot bacteria isolated from infected potato

seed tubers. That is, tubers.contéining both F. roseuwn and soft-rot
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bacteria‘ékhibited a greater degree of necrosis and tissue maceration
ﬁhan those tubers containing only soft-rot bac;eria orLPnly F. rosecum.
Root and crown rot of sainfoin (Onobrychis viciaefolia Scop.)
appear to share many symptoms with alfalfa root rot (Gaudet et. al. 1980).
Earl& investigators believed that Fusargum sélani was thé primaFy
causal agent, however the inability of researchers to consistently
isolate-F. solant from infected plants lead to further investigation.
Bacteria were isolated from three and four yeér old plants and ﬁound
. to be restricted to the vessels and broken cavities in the xylem.
Cgllular decay was associated with the presence of bacteria in fhese’ «
’fg%ipﬁs. These bacteria were classifie.’ as Pseudomongs syringde%
Pseudomonas-marginalis (P. fluorescens, and an Erwinta amylouora;like'
organism. Gaﬁdgt and his co-workers (1930) conciuded that- root and
, crown;rot of sainfoin iﬁ Montana appeared to be caused by a group of

bacteria rather than F. solant.

. ‘ =
Pieczarka and Lorbeer (1974) found that botrom rot of lettuce

(Lactuca sativa) appeared to be a disease complex with both a fungal”

and a bacterial component. Bottom rot of lettucc was first described

A

as being caused by Rhizoctonia solani. ' However due to the rapid slimy
-'decay in the-advanced stagés of bottom rot, a complex invol?ing bdcteria
and/or decay fungi and R. solani was postulated. These organisms would

most likely invade the host after initial infection by R. solant.

During the course of bottom rot A. solani in the more advanced stages

t

indicating bacteria are significant as secondary pathogens. Bacterial

pathogens isolated from advanced stages of bottom rot were E. carotovora,

\
P. fluorescens and P. marginalis. Bacteria appear to modify symptom .

development of bottom rot when they are compared to plants inoculated

only with R. solant.
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‘Survival of soft-rot -acteria

Much has been written about what sqft-rot baéféria do when in
contact with sﬁitable hosts, however the way in which these organisms
survive their non—ﬁathogenié‘state and how they are able to persist in
soil is not yet thatawell understood by piant pathologists. Many early
investigators favoured the notion th;; most bactérial phytopathogens
were unable to overwinter in soil. Such conclusigns were based on
résults from use of selective media which were not overiy sensitive to
low populations in the soil. A point to keep in mind when evaluating
some of these early osservations is that negative results can be
misleading: Failure to detect an organism on a particular medium cannot
be thqught of as absolute proof of its absence. It may only'mean that
the medium 8r methods used‘were not sensitive énough for iow endemic
populatidAS\or that the conditions for isolation were not met.

With the multiplicity of microyial habitats in the soil and the
soll and the variety of energy sources availéble, it is inconceivable
that bacterial phytopathogens are unable to exist if the host is not
present. Many other plants, especially volunteer plants of thé affected
crop, noxious weeds or other cultivated plants can serve as rqservoirs“

 of bacterial phytopathogens. .

Kikumoto and Sakomoto (1969)40bserved that a variety of plants
were able to support the growth of E. carotovora in the fiel%.
Especially significant was their finding that soft-rot bacteria were
a component of many common weeds growing in fields of chinese cabbage
(Brassica chinensis): Agrostés perennans, Portulaca oleracea, Sonchus
oleraceus, Chenopbdium album and Commelina comminis. They also showed
lower population§ of E. aroideae in the rhizospheres of radish, red bean,

Ki

wheat and tomato. . E},
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S
' pseudomonads have also been reported to frequent rhizospheres of

plants other than their immediate hosts (Goto 1972; Rovira and Sands
© 1971; Valleau et. al. 1944). Valleau and his workers showed that
Pseudomonas angulatabwas able to overwinter in.the rhizospheres of
several winter-cover crops and asscciated weeds: crimson clover, vetch,
barley, wheat, rye andlchickﬁeed.

Xanthomonas oryzae and Xanthomor:.:: vesicatoria have loth been
shown to overwinter on wheat, common grasses and weeds (Valleau et. al.
1944; Isaka‘l969; Claflin and Stuteville 1973). Isaka's work with this
pathogen showed that X. oryzae was most common on aerial portions of
Bromus untoloides, Phalaris arundinaceae and Alopecurus fulvus. There
was carry-over on Trifolium repens, Astragalus sinicus and Rumex japonicus
which suggested that these weeds were also important sdurces of inoculum.
It was not reported whether any of thesevbacterial pathogens were able
to incite disease syﬁptoms in these alternate non-hosts. Goto (1972)
concluded that population levels of these pathogens in -the hon—host.phase
may rebresent their degree of saprophytic ability. Another factor to
consider is survival on plant debris within and on the soii. This is
often considered an imporfant source of inoculum. A third point to
conside; is that all these bactérial pathogens can be grown on chemical
media withiﬂ a laboratory setting and survive very’well. The ability-
to incite soft-rot symptoms may disappear after frequent cultivation in
the absence of a suitable plant host, however this could be seen as
evidence for the induciblg nature 6f pectic enzyme production on

.soft-rot bacteria.



IIT. MATERIALS AND METHODS

More than two hundred root-rot bacteria were isolated from lesioned
alfalfa roots. A small number were obtained from weeds growing in
assoclation with alfalfa, which -also had necrotic areas on their roots.
The alfalfa roots were collecﬁed from fields in central Alberta, primarily
the St. Paul-Mallaig area, Mayerthorpe, Morinville and Spruce Grove,
Alberta. These fields all exﬁibited the aforementioned symptoms of
alfalfa sickness.

Alfalfa roots were brought back to the laboratory aﬁd weré kept
at 5°C until they could be examined. Roots were rated for degree of
lesioning using a 20X magnifying glass and a stereo microscope. A
disease index was used té determine the degree of lesioning (Table 1)

and is the one used by Damirgi et. al. (1976, 1978).

Table 1. Lesion rating scale.
Rating " " Interpretation
1 No visible lesions; roots visably clean and
healthy '
2 ' Slight browning on exterior and/or interior of

tap root (salt and pepper appearance), lateral
roots or fine roots. B

3 Moderate lesioning on exterior and/or interior
of tap roots, lateral roots, fine roots or crown.
May see minor girdling of lateral roots.

4 " Extensive lesioning on the .xterior and interior
of tap roots, lateral roots and crown. Most fine
.Toots are missing. Extensive girdling of lateral -
roots. '

5. Dead plant.

18
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Necrotic areas were excised and surface-sterilized iﬁ 0.1% (w/v)
HgCl, with two drops of Tween 80 added per 100 milliliters. This was
followed by washing in 95% denatured ethanol and a thbrough rinéing in
sterile distilled water. The root sections were then' aseptically
macerated and serial dilutions made. Dilutions from 103 to 107 wefé
plated onto Plate Count agar (Difco), B,y agar, Cereal agar, Vg juice
(Campbélls) agar and Rose Bengal‘agar. Plates were incubated aerobically
at 22°C for two to seven days and were examined.daily'for suspect
colonies. These colonies were subcultured to Piate Count agar kP.C.Al)
and purified. Pure isolaﬁes were screened for pathogenicity .on sterile
slices of wounded and unwounded carrots, onions and potatoes on water
agar plates. The wounds were a series of small, shallow cuts made in
the vegetable tissue. The vegetable slices were sterilized in the
same manner as the alfalfa root tissue. Water agar plates proved to be

.

better than moistened filter paper for keeping a constant humidity within
, the petri.plates. The plates were incubated aerobically at/room
'temperature and were examined daily'for signé of necrosis_(Lund i972,
1979; de Mendonca and Stanghellini 1979; Pérombelon’et. dZ. 1973).

Two different types of necrosis were evident. The first was a
da;k brown to black watery necrosis typified by Erwinia 'carotovora
subsp. atroseptieca and Erwinia carotovora subsp. carotovora. The
second was an overall breakdown' of tissue with only a very light brown
coloring. This was most often seen with Pseudomonas species.

A numbér of known organisms were used as controls and are listed
in Table'Z. Negative control consisted of an uninoculated wounded

and unwounded vegetable tissue incubated under the same conditions.

Appendix 1 lists all the isolates and their source.
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B. polymyxa, B. subtilus, C. johnsonae, C. vtolaceum, k. carotovora
subsp. atroseptica, E. carotovora subsp. carotovora, Lysobacter,‘and
P. fluorescens proved to be quite active in rotting vegetéble tissues
and constitute a large portion of the phytopathogenic bacteria isolated
from alfalfa roots.

Vegetable tissue pathogens were reisolated from necrotic vegetable
tissue,wfhecked for purity qnd maintained in Trypticase Soy Broth
(Difco) and were transferred to fresh Trypticasé Soy Broth (T.S.B.)
every two weeks. These stock cultures were the source of inoculum for
subsequent experimeﬁts. Periodic checks for.purity were made by
plating onto P.C.A. for single colonies. Pathogenicity>was also

checked periodically by inoculating sterile carrot and potato slices.
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Table 2.

Named organisms used as reference controls and their source.

Organism

Source

Bacillus polymyzxa

Bacillus subtilus
Chromobacter violaceum

Corynebacteriwn insidtosum

Cytophag& Jjohnsonae

Erwinia amylovora
Erwinia-anylovora** -

Erwinia carotovora subsp.
atroseptica

Erwinia carotovora subsp.
carotovora

Escherichia colt
Lysobacter sp.
Pseudomonas aeruginosa
Pseudomonas corrugata
Pseudomonas fluorescens

Pseudomonas syringae

Serratia marcesens

Department of Soil Science Collection

' University of Alberta

Department of Soil Science Collection
Departmeht of Soil Séiénce Collection

Dr. R. Copeman, Department of Plant
Science, University of British Columbia

- Department of Soil Science Collection

Dr. Keil (deceased), Fruit Laboratory
Beltsville Agriculture Research Center,
Beltsville, Maryland, U.S.A.

Dr. F.L. Lukezic, Department of Plant
Pathology, Pennsylvania State University,
University Park, Pennsylvania

Dr. R. Copeman
C ‘
A.T.C.C." V73-103

Department of Soil Science Collection

Department of Soil Science Collection

A.T.C.C. 9027
Dr. F.L. Lukezic
- A.T.C.C. 17397
Dr. A.W. Henry, Department of Soil
Science, University of Alberta%*

Department of Soil Science Collection

+ American Type Culture Collection

* retired

%% Ipn 1981 this organism was subsequently described as
S. marcesens (Dr. F.L. Lukezic, personal communication).
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A. Identification

Most of the organisms isolated were either aerobes or faculative
anaerobes. Only six isoiafes were strict anaerobes. Motility and gram
stain reaction were observed on 24 hour cultures grown in Trypticase-soy,
broth (T.S.B.). Cultures that exhibited motility were stained with a
flagella stain (British Biological Laboratory, B.B.L.). The type of
flazellation was described as pef Leifson (1960). Pigment production
was determined on Plate Count agar (P.C.A;) plates and King's medium A
plat (Corpe 1953; Hendrie and éhewan 1966; Park and Holding 1966;
Rhodes 1959). Those coloniles producing a Yellow—green diffusable
pi orent on King's medium A wege examined under ultraviolet light for
their ability to fluoresce.

Oxygen requirements and ability to utilize glucose as a carbon
source were determinéa by deep stab inoéulétions into duplicate tubes
of Board and Holdiﬁg medium plus glucose. Immediately after

inoculation one of the tubes received a plug of sterile wax and

‘both tubes were incubated at room temperature for 24 to 72 hours.

Ability to produce acid and/or'gas from carbohydrates and
related carbon sourcéé was observed in liquid cultures of nutrient
broth (Difco) with 0.5% (w/v) Seitz-sterilized carbéhydrate or carbon
source added after autoclaving. Phenol red was used aé a pH indicator.
Carbon sources used were arabinose, xylose, fructose, sucrose, mannose,
maltose, lactose, cellobiase,‘raffinose; mannitol and ethanol. Inverted
Durham tubes were placed in the test tubes to detect gas production.

Tubes were incubated at room temperature for 24 to 72 hours (Edwards

and Ewing 1972; Ewing 1962; Graham 1972; Park and Holding 1966).

2
‘.~
@



Action dn pectate was determined by using Crystal violet pectate

agar (IN NaOHl 4.5 ml, 10% CaCl,.H;0) 3.0 ml, Bacto agar 1.5 g, NaNO;,

1.0 g, boiling distilled water 300 ml, sodium polypectate 15.0 §
dissolved in 200 ml boiling distilled water, 0.075% (w/v) crystél violet
1.0 ml). pH was adjusted to pH 5.5, pH 6.9 and pH 8.0. Pectase acti§n
was noted by the fo;mation of pits in the medium around the colony.
Plates were incubatéd at room temperature and examined after 3, 7, 14
and 21 days (Burtr and Schroth 1977; Cuppels and Kelman 1974; DeBoer et.
al. 1978; Hankin et. al. 1971; Hildebrand 1971; Mene%ey and Stanghellini
1976).

To determine the presence of amino acid decarboxylases, Moeller
Decarboxylase Broth (B.B.L.) was used with the addition of 1% (w/v)
l-arginine hydrochlo;ide (Edwards and Ewing 1962; Hendrie and Shewan
1966; Schroth and Hildebrand i972). Indole production and the use of
methyl—red as an indicator of final pH during glucose utilization
were determinéd using Metﬁyl red-Voges Proskauer medium (Difco). After
three days culéures were testéd with methyl red (Edwards & Ewing 1962).

For iiqueﬁaction of gelatin, cultures were inoculated into tubes
containing Bacto Becf extracf 3.0 g, Bacto peptoﬁe 5.0 g, Difco gelatin
120.0 g, distilled water 1,000 ml. Tubes were inoculated by deep stab
and were incubated at room temperature and were checked at 3, 7, 14
and 21 days (Bailey and Scott 1974; Corpe 1953; Park and Holding 1966).

The oxidase reaction was determined by séaking a strip of filtér
paper with a few drops of p-aminodimethylalanine monohydrochloride
(Difco) and immediately smearing a loopful of bacteria from a 24 hour
agar culture on the moist paper. If a dark purple-black color appears,

the organism is oxidase positive (Clarke and Richmond; 1975; Dowler and
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Weaver 1975; Steel 1961).

Catalase production was determined by smearing a loopful of solid
growth (24 hour P.C.A. culture) in a drop of 10 vol. hydrogen
peroxide and examined for the evolution of gas bubbles (Bailey and Scott
1974). Urease slants (Difco) were inoculated and incubated at room
temperature for 24 hours? The presence of a deep pink color, due to
an increase in alkalinit}, indicated the presence of urease (Edwards
and Ewing 1962).

To test for starch'hydrolysié, Yeast‘extfact nutrient agar (yeast
extract 5.0 g, bacto-peptone 5.0 g, bacto beef extract 5.0 g, distilled
water 1000 ml,. starch (Difco) 1% (w/v), pH 6.8) plates were spot-inoculated.
After 48 to 96 hours incubation the plates were flooded with a dilute
lodine solution. A clear halo around the colony indicates 'starch
hydrolysis (Edwards and Ewing 1972; Bailey and Scott 1974).

Ability of organisms to denitrify was determined by growing tﬁem
for 24 to 72 hours in tubes of Penassay Broth (Difco antibiotic
medium #5) with two drops of 10% (w/v) KNOj3 added to each tube.

Nitrate reduction was shown by a spot-test using diphenylamine and
Trommsdorf reagent. Denitrification was shown by the absence of NO3 or
’

NO3 in the medium after 24 hours of incubation (Dr. F.D. Cook, personal

communication).

B. Pathogenicity

Because of the l?rge numbers of isolates paﬁhogehicity tests were
conducted in two ways. Laboratory testingtfor pathogenicity to alfalfa
seedlings and mature alfalfa root sections was doie, in tripiicate, on
each isolate (Kreitiow 1963). Once the isolates have been identified to

£

the genus and/or species level, representative organisms for each group
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were tested for.pathogenicity to alia!fa grown under greenhouse
conditions.

For laboratory pathogenicity tests Beaver alfalfa seeds were used.
The seeds were surface sterilized in 0.012 (w/v) HgCl, for fifteen
minutes. This was followed by soaking in 1% (v/v) NaOCl fof fifteen
~mindf:es, followed by a thorough rinsing with stérile distilleq water.
The seeds were transferred asgptically to petri p;ates containing
modified Crones salts agar (Croneé salts 1.0 g, glucose 0.5 g,'distiiled
water 1000 ml) and were incubated in darkness for 72 to 96 hours at 25°C

After this time alfalfa seedlings showing no apparent contamination
or discoloration of roots and having'a root length of 1 to 2 cm long
were used for stab inoculation. Roots were injured by *puncturing the
root near the tip with a sterile hypodermic needle (21G). Both
wounded and unwounded alfa;fa roots were inoculated with suspensions of
bacterial isolates that were grown in T.S.B. for 48 to 56 hours and had
an approximate cell concéntration of 3 x 198 cells per ml. 'Sterile
distilled water was used as a control. Inoculated plahts Qere kept
in petri plates containing modified Crones salts agar and were incubated
at ZS;C. After 72 to 96 hours the roots were examined for the development
of necrosis and were rated using the disease index described previousl&.

In addition to seedling pathogenicity, sections of mature Beaver
alfalfa rootsvwére inoculated with the bacterial isolates and were
examined for signs of necrosis. The mature alfalfa plants had been
grown in»sterile sand in the greenhouse for six months. Plants were
harvested, roots washed freg of san& and those roots free from
discoloration and contamination were used. Prim;rily sections of the

tap root and larger portions of lateral roots were used. These root

\

\
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sections were surface-sterilized in 0.0l%’(w/v)‘HgClz and 95% denatured
ethanol as described previously. Two inch ;ections of root were asepticaily
excised and placed in petri plates containing water agar. Roots" were
wounded using a sterile hypodermic needle (21G). As before, Qounded and
unwounded roots were inoculated with bacﬁerial éuspensions grown for

72 héurs in T.S.B. and had an approximate concentration of 3 x 108 cells/ml.
Plates were incubated for three to five days at 25°C after which the

roots were examined for signs of necrosis and rated for degree of

lesioning.

C. Fungal Wounding of Roots
Once the identity of the isolates had been established the

laboratory pathogenicity tesﬁs were -repeated using representative

organismé from each group.plus a fungal isolate, Fusarium sp., provided

by Dr. R. Reeleeder (MacDonéld College) . The:bécterial isolates used

were B.. pélymyxa, B. subtilﬁs, C. .johnshonqe; E. atroseptica, E. carotovora,

Lysobacter enzymogenes, P. fluorescens, and\P; @arginalis. Each isolate

was tested for pathogenicity to.alfélfa seedlingé‘and mafure alfalfa

roots by itself and in combination with Fusarium sp. When She isolates

were tested withﬁFusarium, the alfalfa roots were fifst inocdiétgd with

the fungal component and then tweqty¥four hours later with tﬂe baétérial

component. This was done on the premise that the bacteria are opportuni;tic

rather than invasive pathogens. After the inoculations phe_petri plates

" were incubated‘at 25°C. Sterile distilled water was used as the control

~inoculum. The plates were incubated for three {to five days after which

they were examined for the degree of lesioning.
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D. Freeze Wounding of Roots

To test the feasibility of cracking due to alternate freezing and’
thawing actiné as a mode of entry for phytopathogenic bacterié, segments
of mature, healthy Beaver»alfalfa‘roots were subjected to conditions of
alternate freézing apd thawing. The method uséd was primative but serves
to illustrate thevpoint. The roots Qerg surface—;terilized prior to
freezing and were then placed in stépile Whirlpack plastic bags (Canlab).
The roots were kept moist to aid in freezing. They were'kept at -10°C
for two hours and then quidkly immersed in a 35° - 40°C waterbath for
ten minutes. This cycle of freezing and thawing was repeated five timés,
In the final step the roots were frozen overnight and next morning |
-quickly thawe&‘in thé water bath.“ﬁhen examined the roots had a large
number of prown, water—soaked areas thcﬂ were the result of freezing.
,Two inch sections of foof werebexcised and placéd in petri plates |
containing water agar. Roots that héd not been\subjected to the
%reezing pfocess were used as a control. The roots were:then,inoculated
Qith bacterial sugpensions that had grown in T.S.B. for 72 hours and had
an approximate cell concentfagion of 1 x. 108 cells/ml;; The bacterial
suspensions used were B. polymyxza, B. subtilus, Q. Jjohnsonae, E. q?rusepfica,
E. carotovora, Lysbbactér enaymogenes, P. fluorescens and T. marginalis.
Sterile distilled water‘served as the control. -Ail plates were incubated
at 25°Cifot three to five days after which the degree of necrosis was“

k]

determined. f

A~
-3
v
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E. sreenhouse Tests

~-ce the identity of the bacterial isolates had been established,

a representative group of organisms were tested for pathogenicity to

Y

alfalfa sgedlings. In initial experiments‘the Beaver alfalfa seedlings
were in pots containiné steam—sterilized‘soil and grown in a”grqwth cabinet.
Fifteen hours of light were provided and daytime températures ranged frém
17°C to 21°C. The plants were fertilized twice weekly with 20-20-20.

Cultures of E. atrgé"eptica, E. carotovora, E. amylovor.a,‘
'Corynebacterium insidiosum, Pseudomonas corrﬁgata, p. syringae,vP.

; _ o

fluorescens and P. aeruginosa were used. Sterile distilled water was
'ﬁhe control. The orgaﬁisms were grown on T.S.B. in a shaker culture.
After four days the cells were harvested by centrifugation, Yashed :
three times in sterile‘physiological saline and resuspended in 5 ml of
saline to an appfoximate concentfation of 3 x-lOe_éells/ml. These
solutions were used for inoculation. The alfalfa seeds were sterilized,
germinated and wounded in the manner described previously. Twéﬁinﬁi~of
inoculum Jere poured into a betri—dish and the Qounded and ;nwoundéd alfalfa
sgedlings were éliowéd to soak in ﬁhe inoéulum for ten minutes. After
phis period the seedlings were plgnted in Hilson trays filled with '
sterilized greeﬁhouse soil. Sixteen repliéates of each treatement were
used. In subsequent.weeks the plants were rated for number of survivors,
numbers of ieaves at the vario;s stages of growth and plant height. |
After fop£ weeks‘éhe;plants wereAhérvestéd, their fqoté examined and
rated for lesions and a mean fresh seedliqg'weight calculated.

In the following experiments the concept that bacteria act togeﬁhe;'.
witlt other soil organisms, notably\fungi,iwas tested. The fungus.in

7L

question was a Fusarium‘sp. supplied by Dr. R. Reeleeder (McDonald College)



Y

and had been isolated f;om lesjoned alfalfa roots. The fi.

experiment used a total of twenty treatments. These were divided into
two major groups, wounded and unwounded alfalfa seedlings. Wounding was
done as described previously and the alfalfa cultivar used was Beave;.

~ Individual treatments consisted of gach of the organisms alone. They
were E. atroseptica (E-45), L. enzymogenés (MT82F-9), (. johnsonae
(ml2c-11), P. fluorescens (P-15), Protrus vulgaris EDepartment of Soil
Science collection); Rhizobium lipoferum (Department of Soil Science
collection) and Azospirillum lipoferum (D?.'F.V. MacHardy, Department of
' Soil Science, Ugiversity of.Afbérta) and Fusariwnspecies. A lipoferwum
and R meliloti were included as negative organisﬁ controls as neither
were shown to cause lesioning-of necrosis of alfalfa tissue by the methods .
’described previously. The combined treatments consisted of.each bacterial
species in combination with Fusarium sp. The combined bacterial
inoculations were Erwinia. + Lysbbaoter and Lysobacter + Cytophaga. .

Each Hilson‘tray held four treatments ana there were ten trays in
each replicate with a.total of four replicates. Dufing the growth period
ghe plants were kept in a growth cabinet that provided fifteen hours of
~ light each_andba daytime temperature ranging between 17°C to 21°C. The
pléﬁts wefe not given any additional feftilizer.and were watéred twice
weekly with sterile distilled water. Plants were observed for number
of survivors, plant height and the number of lea&es at the different
staéés of growth. After four weeks the plants were harvested, roots

washed free of soil and examined for degree of lesioning. A mean fresh

seedlings weight was also calculated.



Iv. RESULTS AND DISCUSSION

A. Isolation, ILdentification and Characterization of Isolates:

All the isolates came from plants showing typical alfalfa root rot
symptoms. Fields exhibiting these symptoms were mainly grey Luv1sols
and had a gently undulating terrain. Depressional areas showed signs of
pe;iodic gleying with seyé”mﬂgtling; Symptoms of alfalfa root rot were
most striking in the depressions. Many fields had a severe weed problem
with the most common weeds being brome grass.(Bromus inermis), dandelion
(Taraxacun officinale), stinkweed (Polanisia graveolens), Canada thistle
(Cireium arvanse), and foxtail (Alapecurus pratensis). Plate 1 shows one
of the most dramatic fields that was sampled (Mallaig, Alberta). The lérge
chlorotictareas in the backgrbuhd were slightly depressional, had a
significant population of weeds, primarily dandelion, Canada thistle,
foxtail and various grasses. These fields were sampled early in August
1980, two to three weeks after they had been cut for processing.by the
local dehydratir plant. Information was not available on the rate or
type of fertilizer used on these fields. Generally aftér Fhree to four
years of continuous cropping Vith alfalfa, these fields ar;\Bigwed’under
becauée of the significant decline in yield. They é;e then used for one
to two years for/either barley or wheat'productidn and then alfalfa is:
planted again. This would suggest that a certain population of pathogen
is required and that the disease p%ogresses slowly, in stages. Management'
practices are,also an important factor to‘consider. The frequency with
which the fields are cut may not allow the alfalfa plants to build up
sufficient reserves to survive through the winter. Many fields in the

Mallaig =~ St. Paul area and Mayerthorpe area received their last cut in

the last week of September or early October. With the winters in .

30
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Plate 1 COLOURED PICTURES
Images en couleur

/el\

Field showing symptoms of 'alfalfa sickness". Note chlorotic
areas in background (Mallaig, Alberta).:

Close-up of one of these chlorotic areas.



Plate 2

Close-up of an infected alfalfa stand near St. Paul, Alberta.
Note the high population of weeds. ‘

Overview of the above field. Stand was cut two weéksgpr;or to
Sampling. I . .

COLOURED PICTQRES
Images en couleur

9
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north-central Alberta being quite severe and early, the plants may not
have sufficient time to build up stqrch reserves for the winter.
- Hence a higher rate of winter-kill.

Another point to consider is that a great deal of alfalfa production
is carried out on marginal land which may have a higher percentage of
sloughs and is often gently undulating. An alfalfa stand growing in a
depression is of a poorer quality than that growing at a slightly higher
elevation. This is primarily due to waterlogging of the soil in the
depressions. ‘It is in these areas that symptoms of alfalfa root rot
becqmes most obvious.

Plate 3 illustrates typical crown lesions. The plants in the

photograph were from a three year old stand of alfalfa. Note the

\
\

extensivé discoloration of the crown, the lesioning at the base of the
lateral root§, the absence of fine roots and the absence of nodules.
Plate'4 shown cross-sections of both the crown and lapefal roots. The
black area in the crown h;d lost ﬁhe integrity'of its original structure.
Throughout’the vascular tissueé of the taproot and lateral roots were many
Einy "salt and pepper''-like lesions. These lesions were not observed in
plants less than one year old.

Isolations frbm lesions showed a very typical mixed flora of fungi
and bacteria. The fungi were primarily Fusarium species and were identified
microscopically on the presence or absence of septate hyphae and macroconidia.
Chlamydospores of Fusariwm were not observed. Fusariun appeared.to be the
predominant fungal species to be consistently isolated from lesidAs.
Phytophthora species were not isolated by myself.' Perhaps the fact that

samples were collected in mid- to late summer may play a significant role.

Rhizopus species were occasionally observed on some of the plates. Cereal
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COLOURED PICTURES ~
Images en couleur j

Plate 3

Croﬁn lesions on a two year old alfalfa plant. Méyerthorpe, Alberta.

Close-up of same plant. Note absence of fine roots and the lesions
on the lateral roots and tap root.

34
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Plate 4. COLOURED PICTURES .
Images en couleur

Cross—-section of a crown lesion, Note extensive necrosis of xylem.

.

Cross~section of a lateral root. Note necrosis and "salt and pepﬁér”
lesions throughout the root tissue



agar and V8 juice égér supported the highest population and variety of
fungi while rose-bengal agar had the lowest. Plate count agar supported
the greatest variety of bacteria. Bacteria also grew well on cereal agar,
but intense compeﬁition by fungil onlthese>media often made isolation of
bacteria difficult.

Once the bacterial isolates were purified, they Qere‘screened for
ability to macerate carrot‘and potéto tissue. Isolates that did not
pass this first screening were discarded and collectively grouped as
saprophytes. Interestingly enough fer isolates of a Serratia species,
most likely S. marceséns, were able to +nifially macerate potato tissue
but upon furfher cultivation in the iaboratory, quickly lést this ability
(Ewing 1962; Grimont et. al. 1979). Dr. F. L. Lukezic (personal
communication, 1986) had isolated a large number of S. marcescens'from
discolored alfalfa roots and'they produced a water-soluble, light-pink
pigment on King's medium A. Initially these isolates were called E.
amyZovdra var. alfalfae. This was based on their resemblance to E.
amylovora ¥n a number of physiological characters.

With twb exceptions all isolates were motile, gram qegative rods.
The exqeptions were isolates classified as B. poZymyxa and Clostridium
speEies. Pathogens- such as E. atroseptica, E. carotovora, P. fluorescens
were‘expecﬁed based on their well documented ability fo cause root rot
| diseases (Burr and Schroth 1977; DeBoer et. al. 1978, 1979; Dye 1969a,
b, ¢). The relative‘propoftions of these pathqgens was a bit surprising
in that assumptions from information about the preference of E. atroseptiéd
for cooler temperatures would lead one to expect that.E. atroseptica would
prgdominate in this climate. This was not the case: Roughly equal

proportions of E. atroseptica and E. carotovora were found. However as



a

neither E. atroseptic& or E{ carotovora are host specific, it is not
improbable to isolate both species from a single host. Seasonal
dis;ribution of these organisms may also be significant.

Fldorescentvpéeudomonadé made up a significant portion of the
patFogen population. A species of Pseudomonas has been described as the
" cause of a root rot of alfalfa in the U.S.S.R. (Rodighin and Petrov 1939).
Tge host range of this pathogen, Pseudomonas radiciperda, encompassed
frifblium pratense, Lens esculenta, Melilotus a?ba and Medicago sativa.
Due to the incomélete description of P. radiciperda and the lack of viable
cultures, this organism has been dropped from the eighth edition of
Bergy's Manual (Buchanan and Gibbons 1974).

Because of the minor differences in taxonomy between P. fluorescens
and P. marginalis, P. marginalis is often grouped into P. quoresceﬂé
biotype II (Buchanan and Gibbons l974).l The major difference between
these species is that isolates belonging to P marginalis are able to
liquify pectate gels at pH 8.0, hence possessing an effective pectate
lyase whereas those organisms grouped into 7. quoreséens possessed only
a polygalactufonase that is active at pH 5.0. Again relative proportions
of both organism were roughlyﬁgqual with neither spécies appearing to
predominate in the root rot cd;plex.

Alberta soils have been shown to have a wide spread population bf
B. polymyxa that were reported pathogenic to potato tubers (Jackson and
Henry 1946). Other species of Bactillus reported to be pathogenic and
peétinolytic are Bacillus macerans, Bacillus licheniformis, Bacillus
subtilus, Baqillus pantothenticus, Bacillus cereus, Bacillus circulans

and Bacillus megateriwn (Ottow 1971). Only B. polymyxa was isolated - - -

from necrotic alfalfa. With the ability to sporulate under adverse
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conditions compounded with its known role in soil mineral cycling, B.

N

polymyxa is very well suited to persist in soil. (Alexander 1977).

Clostridiun species have been shown to produce large quantities

pectic enzymes, a fact that is of major importance in the textile

industry (Lee et. al. 1970; tund and Brocklehurst 1978). This ability

N

is used in the recovery of fibers such as flax and hemp (Lanigan 1959).'

£y

B% T

Pectolytic glostridié have also been reported in association with other
b . . . )

ol irs SR

~soft rot organisms in spOilgd potato tissue (Lund 1972; Lund and

Brocklehurst 1977). Lund (1979) reports the primary cause of the

‘'spoilage is E. carotovora and .the pectolytic clostridia enhance the effect o
of E. carotovora. The pectolytic clostridia belong to several species but
one group of clostridia forms a pink pigment and has many properties in

common with Cléstridium felsinewn (Lund 1979). The pectolytic clostridig

isolated from alfalfa lesions were not classif?. 7 the species level

« .
primarily due to the difficult and fastidious nature of the_ isolates..

Organisms such as B, polymyxa and Clostridium may.often be over-
looked when isolating from diseased material. Both organisms appearéd'

to predominate on B10 agar and produced distinctive colonies. B. polymyza

colonies produced a small pit around themselves. This pit was not due to \\\\

liquefaction of the agar. Colonies of Clostridiwnm produced blackening,

RO N ’f'.‘;l‘;)ii"v‘" it dals b

due to sulfite production, around colonies after seven days incubation.

4

‘Both ‘these organisms were non-descript on any of the other media used.

i M e L g

Both Chromobacterium species and Serratia species produced their
characteristic pigments upon initial isolation. This character was lost

upon subsequent cultivation. As neither of these organisms is
4

cellulolytic or strongly pectinolytic, their role in a root disease

complex is a puzzle. Both Chromobacterium and Serratia are strongly
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Table 4. Pathogenicity of isolates . : .

Ability co roc Ability to cause leésions on
: Mature
) Alfalfa  Disease alfalfa pjsease

Carrots Onions Potatoes seedling  index roots - index
3. polymyza
E-11 + + + + 3 + 2+
M12F-4 + + + + 3 + 2+
M12F-7 + + + + 3 + 2+
M12F-11 + + + + 4 + 2
M12P-4 + + + + 3 + 2
MT12P-3 + + + + 4 + 2
MT14P-9 + + + + 3. + 2
MT21F-4 + + + + 3 + 2
MT11P-5 + + + + 3+ + 2
MT11P-6 + + + + 2 Lt 2
MT12P-2 + + + + 3 + 2
MT12P-5 + + + + 4 + 3
MT12F~4 + + + + 4 + 2
MT23F-6 + + + + 3+ + 2
SP1-1 + + + + 2 - 1
SP1-4 + + + + 2 - 1
Clogtridium sp.

/ M12C-10 ’ + + + + 3 + 3
MT12P-2 + + + + 3 + 2+
MI14P-3 + + + + 4 + 2
MT11P-9 + + + + 3+ + 2+
SP3-1 + + + + I+ + 3
SP4 X + + + o+ 3 + 2
Chromobac teriwn
violaceumn
E~-33 + + + + 2 - 1
E-53 + + + + 2 - 1
M12F-12 + + + + 2 - 1
MT14:P-8 + T+ + + 2 0 1
MT14F~4 + L+ + + 2 - 1
MT14F-6 .| + + + + 2 - 1
MT11P-8 + + + + -2 - 1
MT14F=~6 + + + + 3 2
MI82F-5 + + + + 2 - 1
Cytophaga johnsonae .

.. P17 + + + + 3 - 1
E-3 + + + + 3 - 1
E-40 + + + + 3 - 1
E-41 + + + + 2+ - 1
M11C-2 + + + + 2+ - 1
M12F-1 + L+ + + 2+ 2
M12F-2 + + + + 3 - 1
M12F-8 + + + + 3 - 1
M12C-2 . + + <+ + 3 . 1
M12C-8 + + + + 3 - 1
M12C-11 + + + + 2+ - 1
M12C-14 + + + + 2+ - 1
M12P-6 + + + + 2 + 2
M12P-9 + + + \ o+ 2 - 1
MT11P-2 + + + Ty 2 + 2
MT11P-3 + -+ + + 2+ + 2
MI11P-5 + + + + 2+ + 2
MT11P-6 + + + + 3 + 2
MT11P-7 + + + + 3 - 1
MT11P-8 + + + + 3 - 1
MT11F-8 + o+ + + - 3 - 1




Table 4. Pathogenicity of isolates (cont'd)

Ability to rot Albility to cause 1esiqns on

S

Mature
. Alfalfa Disease alfalfa Disease
N Carrots Onions Potatoes seedlings index roots index
Cytophaga johnsonae
MT12F-1 . + + + + 24+ - 1
MT12F-2 ' + + + + 2 - 1
MT12F-3 + T+ + + "2 - 1
MT12F-4 ’ + + + + 2+ - 1
MT12P-5 + + + + 2+ - 1
MT12F-6 Q2 + + + + 3 - 1
MT12F-7 v + + + + . 3 - 1
MT12F-8 + + + + 2+ - 1
MT12P-3 +. + + 2+ - 1
MT12P-4 + + + 24 - 1
MT14F~1 + + + 2+ + .2
MT21C-1 + v + + + 24+ e 2
MT21C-2 + l + + + . 2+ + 2
MT21F-1 + + + + 2 - 1
MI21F-2 + '+ + + 24+ - 1
MT21F-3 + L+ + + 2+ - 1
. MT21F-7 + Y+ + + 2+ - 1
MT21P-5 + o+ 4 + 2 - 1
MT21B-6 + + + + 2 - 1
MT23F-2 + + + + 2 - 1
MT23P-1 + + - + + 2 - 1
© MT23P-2 + + N+ + 2 - 1
MT23P-4 + + / + + 2 - 1
MT92F~1 o+ + + + 2 = 1
MT92F-2 N+ + + 2 - 1
MT82F-3 + + + + 2+ - 1
MI82F-8 + + + + 2+ = 1
+ MT23C-1 + + + + 3 - 1
MT23C-2 L+ B + + 2+ - 1
MT23C-3 + + + + 2+ - 1
MT23C-4 + + + + 2+ - 1
MIB4F-5 L+ + + + 2+ - 1
MI84F-6 "4 + + + 2+ - 1
MT84P-~1 + + + + 2+ - 1
SP5-2 +° e <+ + + 24 - 1
E. atroseptica )
P-14 ' + + + + 4 - 3
P_-ZO + + + + 4 + 3
p-27 + + + + s + 4
P-30 + + + + 5 + 5
E-2 + + + + 5 + 4
E~4 + + + +>\ 4 + 4
E~7 + + + £ 5 + 4
E-12 + + + + o . 5
E-17 + + + + 4 + 3-
E-45 ot + + + 4 + “ 3+
47 P e : eI
* E-54 + R + + 4 + 3
E-58 + + + + 5 + 3
M12F-10 + + + + 5 + 24
- M12-C + + + + 5 + 3
M12C-6 ¥ + N . i M )
M12C-7. + + + + i - .
M12C-12 + + + M . - L
M1.2C-13 + C+ + - p - 3
MT21P-1 + + + + . . 3
MT21P-7 . + + + + 4 + 24
MT11F-9 + + + - . . 5
- 5B-2 o F + + + 5 + 4
SP-3 + + + +. + 3

R RN Y TR
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Table 4. Pathogenicity ot isolates (cont'd)

Abllity to rot Ability to cause lesions on

. Mature
Alfalfa  Disease alfalfa Disease
Carrots ’6nions Potatoes seedling index roots index

P. fluorescens

E-16
E-23
E-38
E~42
E-52
M12C-3
M12C-4
M12C-9
M12P~1
M11C-3
M11C-4
M1ilC-5
MT11F-1
MI11F-2
MT11F-3
- MT1lF-4
MT11F-5
MT11F-6
MT11lF-7
MT11F-10
MI11P-1
MT11P-2
MT11P-4
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Table 4. Pathogenicity of isolates (cont'd)

Ability to rot Ability to cause lesions on

Mature
Alfalfa Disease alfafla Disease .
Carrots Onions Potatoes geedling index roots inde.

P. marginalis

pP-12
p-21
P-35
=19

. E-20
E-40
E-57
M12F-14
M11C-7
MT11P-8
MT14F-5
MT11P-10
MT14P~10
Mr21C-3
MI21P-1
MT21F-6
MI23P-3
MT23C-5
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Serratia sp.

pP-28 - -
MT11P-9 - - - -
MT11F-9 - - - -
MT12P-1 - - - -
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saccharolytic whereas the fluorescent pseudomonads 'and soft-rot Erwinia’
are not. It i§ possible the Serratia and Chromobacterium may function as
tertiary pathogens. They are not directly involved in the maceration
procesg but are able to complete the destruction wrought by pectinolytic
bacteria by consuming the plant's starch reserves. It is not
inconceivéble to think of other so-called saprophytic bacteria found in
the lesions to have a similar function.

Both Cytophaga species and Lysobacter species are known to be
strongly cellulolytic, pectinolytic,'proteolytic and saccharolytic
(Christensen 1977; Christensen and Cook 1978). In short these two genera
could be the ideal pathog;n, fully equined to utilize all plant components.
A significant portion of the alfalfa isola;es belonged to these two genera.
Considering the capabilities these organisms have at their disposal, it
'{s remarkable not to find more reports of them in\the literature as
signifiéaﬁt plaﬁt pathogens. ’

Plates 5 through 10 show ﬁhe major pathogens fdund on eigher sterile
onion, potato or carrot tissue With pathogens such as B. polymyxa and
E. carotovora, maceration of tissue was agcémpanied by oxiaation of
tanninsin the vegetable tissue, hence the black discoloragion. In all
cases maceration proceed quickly under room temperaéure.u,Potato-tiSsue
consistently had the greatest degree of tissue destruction while omion
tissue had the least. On plate 7 where B. polymyxa + E. atroseptica +
Cytophaga + P. fluorescens were inoculated onto potato tissue, the degree’
of necrosis is not as great as one would expect given the individual
reactions Qf these organisms. As Cytophaga species have been shown to

lyse a number of microorganisms, including gram-negative and gram-positive

bacteria, blue-green bacteria, fungi, green algae and nematodes
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Plate 5 COLOURED PICTURES
Images en couleur

Uninoculated potato control.

P. fluorescens on wounded potato.
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Plate 6. -

" COLOURED PICTURES
Images @ couleur

71

Cytophaga -on wounded potato.



Plate 7. ‘ . |
AR COLOURED PICTURES - §

Images en couleur

B. polymyxa + E. atroseptica + Cytophaga + P. fluorescens

- on wounded potato.
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Plate 8.
COLOURED PICTURES
Images en couleur

Uninoculated onion control.

P. fluorescens on wounded onion.
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Plate 9,

COLOURED PICTURES
Images en couleur

E. atroseptica on wounded onion.

Uninoculated carrot control.



Plate 10. ' COLOURED PICTURES
Images en couleur

-

P. fluorescens on wounded carrot,

Lysobacter on wounded carrot.

-l
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(Christensen, 1973) it would appear that in addition to attacking plant

tissues;the Cytophaga may also be consuming its fellow path. ,ens. This

‘could explain why the destruction of tissue is not as complete as expected.

B. | Wounding

All_of the isolates appear to require some type of afounc _ 'ér er.
- to ini;iate successful infection. Lesioning, as seen in table . appears
ﬁo be most severe in alfalfa seedlings. This is d%e to ;Ke lack of
materials such as lignins, which afford the plant -~ certain degree of
protoction. It is for this reason that lesion rating on segments of mature
alfalf: oot is not as severe as that observed on alfalfa seedlings. Of -

all the isolates, E. atroseptica and E. carotovora cause the most severe

lesioning on mature alfalfa roots while Cytophaga, Lysobacter and Pseudomonas

/\

cause the least severe. This could be due to the type and qmount of pectic.
enzymes produced. ,As mentioned previously, Erwinia species have an
inducible synthesis of pectate lyase, while pseuao;onads have a constitutive
‘synthesis (Zucker, et. al. 1972). Thus when EFrwinia is confronted Qith a
source of pectate, it is able to produce more pectate lyase more quickly
than a pseudOmoﬁad. Judging from the results, Cytophaga and Lysobacter may

be subject to catabolite représsion by a mechanism similar to that expressed

by Pseudomonas.

C. Fungal Wounding

| Fungal wounding of Yoots was an attempt to simulate a more natural
type of wounding. With the combination of Fusarﬁum plus baéteria three
outcomes were possible. -These were, plants would show no change over
individual effects of the organisms used, there would be,a‘EZcrease in

disease symptoms or there would be an increase in disease symptoms. As

-
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Plate 11 '~ COLOURED PICTURES !
Images en couleur

Control. Unwounded seedling on the left and a wounded
seedling on the right. . :

-~

e

_ S i

 Fusarium species on an unwounded alfalfa seedling (bottom)
and a wounded alfalfa seedling (top)



Plate 12. e e

COLOURED PICTURES -
Images en coplcur

. N
C. johnsonae on a wounded alfalfa seedling.

A

E. atrosepticd'on a wounded alfalfa seedling.
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Plate 13

() COLOURED PICTURES W

\

~~ Images en couleur &

P. fluorescens on a wounded alfalfa seedling.

Q

B. polymyxa on a wounded rapeseed seedling.
in the lower half of the root.

Note the girdling
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TgBIé 5. Fungal wounding of alfalfa roots

o
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Ability .to cause necrosis on

Alfalfa Disease Mature alfalfa Disease
seedlings  index root sections - index
Control - ml - 1
Fusarium 4 2
B. polymyxa 2 . 2
B. subtilus - 1 - 1
C. joMnsonae + 2 - 1
E. atroseptica + 4 2
L N :
E. carotafgra . ) 4 2
. “»“‘. ,;‘;. N ;“' v\.("'}q“ -
Lysobacter + ) - 1
' T SEreer :
P.. fluorescens + oo e F w2
© P. marginalis + 3  ¢‘; : + , 2
Fusariwi #+ + 4 ffa + 4
B. polymyxa I :
Fusarium + + 3 \l',f : + 3
B subtilus
Fysarium + + 5 + 3
" C. johnsonae
Fusarium + + 5 + 3
" E atroseptica
Fusariwn + + 5 + 4
E carotovore.
Fusarium + . + 4 . + 3
Lysobacter .
Fusariun + + 5 + 3
P. fluorescens
Fysarium + . 4 5 + 3

P. ‘marginalis
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with mechanical wounding experiments, sections of matpre‘alfalfa roots
showed less severe lesioning that did alfalfa seedlings. This again was
a function of —complexity of root struct 2. With the exception of
Fusariwn + Lysobacter, fungal wounding ganerally produced 5 more severe
lesion that either component alone. Roots sﬁowad a graater degree of ‘%
‘discoloration and girdling. .Enhancement of symptoms was generally
obsarved when combinations of pathogens were inoculated. The exception
to this was the compination of Fusarium and:LySObaéter. Disease -

symp toms appeared less severe than that exhibited by Fusariwn alone.
With the known affinity for quOBéP ter for fungl as a food source, it
"is not surprising to pustulate_that the Fusariwn may be acting as a Pl
second substrite. When confronted with two equally attractive ,substrates, i

the Lysobacter may very well be partaking of both. ':

D. Freeze-wounding
The attempt at freeze—ppunding of matura alfalfa roots was not as
successful as hoped for. This was due to the primativé nature of the
method used. However the results do indicate that alternate freezing
and thawipg‘are important factors to bevconsidered when discussing .
avenues of entry for opportunistic invaders. For the more Strgngly
pectinolytic bacteria such as B. polymyxa, E. atroseptica,‘P; f%yérescens
and P. marginalisivthese;wouqés that were created were sufficient to

allow entry of the’'pathogen. ¥he frozen control root was mdre diéqq}ored 3

>

than the unfrozep control. Negrosis in the frozen rgoss @IS dafér in

color than that observed in unfrozen roots. However in e “cooler L7

.

: : . .- . . sl i - . .
climate in northern Alberta, this is likely an 1mportantﬂé#enue of plant’' -7 T .

root wcunding. This is especially ‘significant in d&ptéésicnalmareas~

. . -.’.’ . ) ) i .' ) -
showing signs of seasonal gleyi: such. as those areas where the greatest
] : R ,




Table 6. Freeze-wounding of alfalfa roots.

-* : Necrosis Disease index

A. Conventional wounding

Control - 'l'
B. polymyxa + 2
B. subtilus | | - 1
C. Johnsonae + 2
E. atroseptica + L3
E. carotovora + 3
Lysobacter eﬁzymogenes + 2
P. fluorescens ' + 2
P. marginalis + 2
B. Freeze-wounding 4
Control ' - 1
B. polymyza + 2
B. subtilus - !
C. johnsonae - 1
E. atroseptica 2
E. carotovora 2
Lysobacter” énzymogenes . 1
P. fluoreécens + 2

2

P. marginalis : o ot
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incidence of alfalfa sickness sympéoms are observed.

E. Greenhouse experiments.

In the firet greenhouse experiment using only bacterial pathogens,
the general trend appeared to follow that set in the laboratory
Pathogens such as Frwinia and Pseudoﬁonas had mpe greatest effect on
seedling growth. Seedlings treated with E%winia that succumb to root
rot, showed extensive discoloration in the root and in the gtem. These
plants were girdled at the soil-air interface. These symptoms are
similar to those desoribed for damping-off by fungi such as Phytophthora
species (Agrios 1978).

Wounded seedlings ehowed more severe-disease symptoms than did
unwounded. Thisftdééwas expected as.the bacterial pathogehs are " -
opportunistic. Organisms such as C. insidiosum, E. amylovora, P. aeruginosa
and P. syringae did not appear to‘restrict plaot growth too severly and
did not cause any significant degree of lesioning to-the roots. P.
vsyringae_has been reported to be involved in other necrotic'disease
complexes, bleckspot of rapeseed pods (Dr.bA.W. Henry, Uniyersity of
Alberta; personal communication), so one might have expected to observe

a,eimilar effect on alfalfa.

As infection in the plant progressed, the seedlings began to show

physical symptoms of stress\"ﬁuch as stunting and chlor051s of leaves.
}

Leaves in these exper1meﬁt§14§tually refers to the number of leaflets
H,:

the plant has produced dﬁior051s was not evident until the third week

of growth. Because these plants were fertilized regularily with

+20-20-20, it can be assumed that chloroﬁfg is mot due to nutrient

, gt

deficiencies, but rather a functlon of infe<%f3q> WOunded seedlings

" showed more severe disease symp toms than unw ded This too was
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Effect of selected bacterdial pathogens on disease index and

Table 8.
yleld of alfalfa grown in the greenhouse
Disease Mean fresh éeedling

Treatment index weight (g) (Sx=%+0.003)
UNWOUNDED
Control 1 0.285

insidioswun 1 0.261"
E. amylovora 1 0.273
E. atroseptica 3 0.239
E. carotovora 3 0.230
P. aeruginosa 1 0.252
P. corrugata 2 0.260
P. fluorescens 2 0.257
P. syringae 1 " 0.267
WOUNDED
Control 1 0.273
C. instdioswn 1 0.268
E. amyZobora 1 0.271
E. atroseptica 4 0.254
E. c&rotovora 4 ©0.227 -,
P. aeruginosa 1 O.ﬁﬁgup
P. corr@gdta 3 0.256
P. fluorescens 2 0.231
P. syringae 1 0.259
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expected as the bacterial pathogens are opportunistic.

Overall P. fluoréscens and E. carotovora had the greatest effect
on mean seedling weight. In the case of plants inoculated with P;
 fluorescens, lesion rating was not as'éevere»as that observed with some
of the other péthogens, however, the plants exhibited more severe chlorosis
and stunting tﬁan in other trialé. Two explanations are ﬁossible, the
first is that the phyéicai presence'of these organisms in the'xylem
would cauée a partial blockage restricting the upward flow of nutrients
and water. This is a gradual process so the effect on the seedlings |
would require a certain length of timé to manifest symptoms. However
this type of mechanism would be operating with all the other bacteriél
pathogens where the ;Lysical presence of ba;teria in the #ylem impede.
the upward translocation of water and nutrients.

The second explanation involves the pathogenic capabilities of ,
P. fluorescens and the regulatory mechanisms involve}. Although P.
‘fluorescens has been shown to produée moderate to large quantities of
extracellular pectate lyases, synthesis qf these enzymes appears to be
.. subject to some form of catabolite représsion (Codner, 1971). Prior
to inoculation into the seedlings, the pathogégs Yg?éjgrown on a
glucose~rich medium. lWOrk cari@ed out by Zucker e;. ai. (1952)
demonstrates that synthesis of pectate lyases 1is enhanced when ’
fluorescent-pseudoﬁoﬁads are grown in media with a vegetable extract
added. |

Inithe secbnd set of greenhouse experiments involving phytopathogenic
bacteria in combination with: Fusariwn and each other, results seem to\

indicate that the combined activity of most pathogens enhances the effect

on .the host. In experiments involving more than one pathogen it is also.
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Table 10. Effect of combined bacterial pathogens + Fugariwn on disease
index and yield of alfalfa grown in the greenhouse.

Mean freah- seedling

Disease
Treatment index weight (g) (5x=20.016) |
UNWOUNDED
Control 1 0.292 .
E. atroseptica 3 0.243
C. johnsonae 2 0.260
Lysobacter 2 0.241
P, fluorescens 2 0.252
P. vulgaris 1 0.256
R. malilott 1 0.311
S. lipoferum 1 0.295
Fusarium 3 0.227
E. atrogeptica + Fusariwn 4 . 0.223
C. jolmsonae + Fusarium 4 ~0.225
Lysobacter + Fusarium 4 0.250
P. fluoreacens + Fusarium 4 0.250
P. vulgaris + Fusarium 3 0.259
R. meliloti + Fusariwn 3 0.307
S. lipoferum + Fusartum 2 0.291
Lysobacter 4 0.229
Lysobacter + Cytophaga 3 0.243
E. atroseptica + Lysobacter
+ Fusarium ' 4 0.225
Lysobacter + Cytephaga
+ Fusarium 4 0.227
WOUNDED
Control 1 0.289
E. atroseptica 3 0.262
C. Johnsonae 2 0.249
Lysobacter 2 0.261
P, fluorescens 2 0.259
P. vulgaris 1 0.264
R. melilott 1 0.302
" 5. lipoferum 1 0.290
Fusar<um 3 0.231
E. atroseptica + Fusarium 4 0.220
C. johnsonae + Fusariwm 4 0.227
Lysobacter + Fusartwm 4 0.252
P. fluorescens + Fusartum 4 0.255
P. vulgaris + Fusarium 3 0.257 -
R. meliloti + Fusarium 3 0.257
S. lipoferum + Fusarium 3 0.259
E. atrogeptica + Lysobacter 4 0.228.
Lysobacter + Cytophaga 3 0.249 |
E. atrogeptica + Lysobacter
+ Fusarium 4 0.223
Lysobacter + Cytophaga
+ Fugartum 4 0.225

o
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important to keep in mina the possibility of antagonism and competition
between organisms. Again, as in thenprevious experiments, woundéd
plants were poorer than unwounded. £§§;“supéorts the facﬁ that phyt;—
pathogenic bacteria are opportunistic and require some type of prfor
injury to the host. In both the Qqunded and unwounded trials, plants
inoculated with either R. meliloti or S. lipoferwn grew better than did
the controls. This is due to the nitrogen fixing capabilitieg of both
these organisms. With respect to wouﬁding, it appears that injury
caused by fungi can serve as a mechanism by which baéteria gain entry
into the plant. This can be seen by the similaripies in survival rate
of mechanically wounded plants as opposed to fungal;y wounded plants.

"-In most cases the degree of lesioning was greater when more than
one pathogen was inoculated. Again enhancement of the disease
capability of each organism was observed. Predictably the plant height
and yield show a significaMt decrease when an efficient combination 9f
Path0éens is used. Tyﬁ{sallyﬁf, atyoseptica + Fusarium showed the
'greatest decrease invplqnt heiéht and yield.h This was followéd by
the combinations of P. quorescens, P.{margiéﬁlis or C. Johnsonae with
Fusarium, in decreasing order of severity. Lysobacter, when inoculated
together with Fusariwm, appears to have fhe least severe effect on plant
height aﬁd yvield. The affinity of Lysobacter for gram-negative bacteria
and fungi has to be taken into account. Similar trends can be seen
with'ghe combination>of Cytophaga with other pathogens. With both
Lysobacter and Cytophaga the. organisms are likely feeding simultaneously
on the plant tissue and fellow pathogens, reduc%ng the overall effect
on the host plant. |

Thelmost damaging péthogen combin:tion is that of a soft—rog

Erwinia with Fusariwn. Both produce large quantities of extracellular

«\'
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enzymes and are efficient in macerating .plant tissue. Given this

combination one would expect that any plant subjected to these organisms
would immediatély succumb. This is not always the case. The degree to

which the plant is affected depends on .the overall health of the plant

| 4

and the antagonistic effects that may develop between pathogens A
problem with using Hilson trays aud n :ssentially unsterile gro&th
caoinet, is that after a.given perica of time has elapsed,-the population
in the soil will not consist of one single type of organism. There w1ll»
be cross—-contamination by water splashing as plants are bein%/watered
contamination‘from»spore—forming organisms within the soil.t were :
not killed by steam sterilization and contaminationvtrom the surrounding
environmeht. However in nature a disease is sekknlcaused.by just a
single organism. Thus the interplay between naturally occurring
rhiZOSphere and soil flora must be takon into account when looking at

the overall disease picture. In practical terms the pathogenicity of

individual organisms in highly controlled environments in the laboratory

e/ will not be observed to the same extent in nature.

o
F. Conclusions.
Common rhizosphere bacteria appear to be quite significant
pathogens in root tot diseases. Theée organisms are opportunistic and
require some form of prior injury to‘the host:) This type of injury can
take many forms and likely a number of factors: are involved. Significant

{

were wounds caused by other soil organisms - especially fungi and

‘nematodes. The fungi can serve as pathogens in their own right but

)

overall caverity of disease appears to be enhanced by the activity of
pectolytic, cellulolytic and saccharolytic bacteria. The concept that

nematodes, feeding on roots, may be capable of injecting bacterial
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pathogens into the root is novel and would bear further inveétigation
to determine the role of nema;odés in this disease complex.

The concept of synergistic pathogens in a disease complex is
significant and may réﬁefine the role of so-called saprpphytiéﬁbacteria
that are isolated from lesions. While these organisms. may ﬁot ﬁroduce
cellulase or pectic enzymes, many are strongly saécharqutic and are
capable of destroying starch reserves in the plant cell. This contributes
to the overall debilitaéing effect on the plant. Genera such as |
Chromobacterium and Serratia appear to belong éo this category of pathogen.

‘ Lysobacter and Cytophaga species are an overlooked component in
root rot diseases. Both are commoﬁ'rhiiguynéye organisms and contr%pute
significantly to the cycling of organicbmatter in soil,'especially¥ .
cellulose. Becausé both Fhese‘o?gapisms possess such a wide range of

c

macerative enzymes, they_would fulfill.the concept of an ideal plant
pathogen. However both Lysobaéter and Cytophaga may also éérvg in a

. regulatory capacity. Their affinigy_for other gen;ra of bactéria,

fungi and neéatodes has been wall—documented:' Experiments conducted -in
" this study indicate.ﬁhat both Lysobgcter and Egtophaga can feed on other
pathogens present as well as the plént host. This réduceé the severity
of the disease.

‘Other planfs growing in association bith alfalfa are important
reservoirs for bacterial phytopathogens. Sbme isolates from ;his study
came from lesions on the fﬁots of common weeds growiné in conjunction |
with alfalfa. As;most aifalfa fields éanno£ be treated with herbicides,
weeds do become a problem. The extent ;olwhich bactetia can iﬁféct

plants growing in association with alfalfa bears further investigation.

Mechanical forces experienced by the grdwing‘plant can cause physical

%
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injury to the ;oot system, thus opening an avenue for entry of
opporgunistic pathogens. 'Especially important are the forces exerted

by cycles of freeéing and théwing‘within the soil. In northern temperate
climétes'this typeyof injury can be very gsignificant but will vary from
year tb year depending on the sevegity of the winter.

The cohcept of a disease complex is extremely significant, .
especia%ly in root diseases. With the multiplicity of organisms,'f’
especially in the rhizosphere, combined with the physical and chemical
nature of tHe soil in which the plant.is growing, it seems trite Lo’

ascribe one single organism as the sole pathogen. A hololistic

approach to plant disease is called for.
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APPENDIX 1

Source of Isolates
Isolate ' Source
p-1 Isolated from lesioned alfalfa roots, Spruce Grove, Alberta
p-2 " "ot " " " " " "
p-3 " b 1" " " " "’ " "
P-‘[J " " " jl L1 " " "
P-5 " “ " M " " " "
p-8 " " " " " St. Paul, Alberta ’
. p-9 " ”" " 1] " n "
P-11 n n " " w b " "
P"’lz K (1] " " " n " "
P-13 " " " "o+ " Mallaig, Alberta
P-14 " " " " w oo " Ll
P-ls " ”" " " " " "
P-16 " " "o " " n "
P-17 " " " " " K "
. p-18 " " " " " " "
' P-19 " " " - " Therien, Alberta
. P-20 . . " " " " " N w .
) o P-—Zl/ - " " " m " " "
. P-22 , oo "L " "™ st. Paul, Alberta
é\‘”’:“ P-24 " n " " n " e
\‘Q P-25 " "o " " " " "
P-Zb . " " M " " " " ”"n
‘ p-27 " " " " " " u
) . pP-28 . " " o " " . " " . -
P-28 ; " " " rapeseed pod by Dr. A.W. Henry :g}
P_29 " " " " " l'( " »
P-30 ) el " alfalfa roots, Mallaig, Alberta s,
P_3l " N " . " - " " " n o2 )
1,‘?_32 . ” " " . N i1
P-33 " u I "
P-3l‘ . (1] L1 " "
L P-35 , " " " "
) E-1 : " " " - ' dce Ghove, Alberta
. E-2 " " " A "
E-3 " " " "
E-d . " " " "
E_7 - " B ”" " " hd
E~8 " " " "
E~9 . . " . " "
- E-10 " " o "
E-11
E~12 . , :
E—13 ) g ) N
E~17 i
Grove, Alberta o e il
E~18 Isolated from lesioned alfalfa roots, Spruce Grove, Alberta 2,\
E-19 " " " " e “ " " SR
i E-20 " " " " " -.; ™ “
- - , " " " " " e 4
. E_gg X N . i . N Sc'-‘ﬁiu{f, N.ble:rr.a 7
E-32 " " " " " B : " "
E-33 " " " " " T " :
E-34 . " Y e " " e T R
E~35 " e " " " " "
E-36 “ n " " " " "
E"37 . "w " w l-l " " "
E~38 . " " " " w " "
) “E-39 o« " " " " " “
R E_[‘o M ”" L " "n " ) " " -
E-41 " v o " n w " w Q
E‘AZ " " v" " 113 " L1 -
E~43 "o " thistle roots associated with '-alfalfa
. ' R " " w

E-44 " "
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Source of Isolates (cont'd)

Isolate Source
E~45 Isoliated from lesioned alfalfa roors, St. Paul, Alberta
E—Aﬁ " " " " " . " . " t
E~47 " o " " " Mallaig, Alberta
E_aa ”" " ‘Il 1" " ”" "
E-49 n " A1 " " " "
E-50- Moo " " " " ”" " " " “
E-51 ' . ;'. " " " w " n " [
E-52 ' ! " " " n ”" " "
T Ea ‘ " " " n 1" 1" 1}
§_§2 ' o " " " n " " "
E-S5 B mLt " " " " " " "
E-56 . . " n " " " " "
Y co- " " " " " " " ¢
e 5158 . X " 1" " " " n "

L M12F-1 " " " alfalfa, fine roots, Morinville, Alberta’
M12F~2 . " " 1 n " " 1" ",
M12F-3 ’ " " " " " " n "
M12F-4 " " " n " " " "
M12F-5 " " 1t " " n " "
M12F-6 Ul " " " " n " "
M12F-7 " " " " " n " "
ﬁle—e . n " " n t n " 14
"le_g . i n " " " ” n " "
‘bilZF-lO : " " " e " " " w
M12P-11 " " " n " " n i
M12F~12 " " " tr n [T " "
mZF_l3 " " " " " " " . "
M12F<14 " " " n " " " e n
M12C-1 " " " " crown, Morinville, Alberta

i M12C~2 " 1t " " (1] 0o T
M12C-3 .oon " " " " " "

M12C-4 o " " ", n n "
M12C-5 " 1t " - n " n "
M12C-6 . " " " " " " "
M12C-7 n " " " " " " |
mzd_a ) " 1" " " " " " \
M12C-9 - " " " " n " " \
mzc_lo " 1" " " n " " |
M12C-11 . " " " n " " "
M12C-12 : " " n " " n "
M12C-13 . " " " " n " " \t
M12C-14 ) . " " “ " "w n "w " \
M12P-1 " o " " tap root, Morinville, Alberta
M12P-2 " " " " n " " " "(
M12P-3 " " ot " " " " " '
M12P~-4 ' Lo " " " " " s " "w
M12P~5 n " " " " " " "
M12P~6 " " " " n " 1" "
M12P-7 a " " “ w ow , " " !
M12P-8 h ’ ‘l; " " "1 " " ’ " o, k
M12P-9 ' " " dandellon associdted with alfalfa, Morinville, Alberta
Milc~1 " " lesioned alfalfa, crown, Morinville, Alberta v
M11C-2 " " " " " "w. "
M11C-3 ° . " " " " " n "
M11C-4 o " " " " " "
M11C-5 ”" ar " " " ”" "
Mllc_é ”" " " " " " "
M11C-7 . " " " " " " "
MtllP-1 n " " "
MeliP-2 " " " "w
Mtl1P-3 ) " " " "
Mtllp_“ " " "o "
Mtllp_s " " " ”"
MtllP-6 ! " " "
MtllP-7 'l " M " *
Mt1lP-8 " " " " -
MtllP-9 "\ " " n
MtllP-10 T, "y " s " -
“ (3 .
\\ é
1
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3 Source of Isolares (cont'd)
Isolate Source ;
McliF-1 Isolaced from lesicned alfaLfa, fine rgots, H_?yerthorpe.AAlberta
MCllF-2 - N " "
MtllF-J 1] " " " " " " "
ME11F-4 " " " " " " " :: .
ME11F-5 . “ " " " " " s w '
HtllF-G " " 11l , " " " v
HcllF_7 " " " " " " "
Htll}'—a " " " " " 1"
Ktllp_g T " L} " " "
H:llp_lo . L] " " "w 1" "
Mtlz?—l Al " 1" " " (1} " -~
Mt12F-2 ° " " " " " "
H:le":’ " ”" w " ”" " "
Htlzp"'l‘ " L1 m" " " 1] LU "
Htle-S " " " n i1l " " "
Mt12F-6 " " " " " W " " . i
"cle-7 " " " ”" X " " (1] . " . s
Mtl2P~1 . " " " " tap root, Mayerthorpe, Alberta
Mt12P-2 " " " " " " M " . "
- Mt12P-2 om " " " Ao 0 " "
Mt12P-3 " " " w' " " AL o e
KClZP—A " " " . n " "4. "ol i L1]
Mt12P-5 " " " " w ~n " "
Mt14P-1 . Iuolaced from dandelion roof assoclated with alfalfa .
Mt14P-2 ¥ lesioned alfalfa, tap rom Muyer:horpe, Alberca
“clAP_J ”" " "= ~
Mt14P~4 - " " ) " " " o " .
Mt14P~5 . - 1] " " ”" " ", " B 1
H:lap_6 " ”" "n " " " " 1w
- -\HC.‘.IOP—7 . " " " » ] " n " "
HEI&M' [ L " ”" ”" woon " "
‘Htlz‘P_g ’ " " " 1" " " " "
H[lllp-lo " " " "w " " L " "
HClaP*ll 4 w " " " " " " "
HtlAE-lz rom K " " " " n ”" N
Htl4F-1 " " " alfalfa root, fine roocs, Hnyerthotpe
Mtl4F-2 - : " " " " i . .
Mtl4F-~3 " ~ne " " " " ",
HtlAF-b " ” " " " " " . -
MtlAF_s ) " " " " " " " N
- HtlAF-6 " " " " " ”" el ,-
= M£21C-1: ro,o" alfalfa, crown, Mayerthorpe
Mt21C-2 " " " "o
Mtzlc-3 " " " " 1"
. thlc_l‘ " " " " "
 Mt21C-5 " " " " L.
Mt21P-1 " " " tap root, Mayerthorpe
ME21P-2 " " " s
Mt21P~3 " " " " " "
Mt21P-4" " " "o " " " "
v Mt21P-5. " " ” " ” ” "
ME21P-6 " " " " " ", " .
Mt21P-7 " o .n " " " "
Mt21F-1 " " " " fine roots, Mayerthorpe
ME21F-2 Cw " " " " " S
Mt21F~3 ‘ " " " " - " " i v ’
Mt21F-4 " " "o " " " "
MtliP-1 " " " " tap fOOC, ’
£11P=2 ) " " " oo " " -
MtllP-3 : v " thiscle ryot aBsociated with alfalfa '
:Eﬁ;_g , :: " lesioned .‘alvfralfa'.‘,'c'ap_ zooc, Mayerthorpie
t11P-5 : . - ) __.
‘ MELLP-6 Y . “ w -
MtllP-7 " “ "o ,, 3
MtllP-8 - " N N )
Mtl1lP-9 : T " L " " - .
, Mt1lP-10 ) o " " " "
- ~ -, >
\ o . “ . '
\ . : ' L
\ 'y \ L]
\
K
v
< L ; ' v
£ N S ’ - . ! .
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3
Source of Isolates (cont'd) !
Isolate ) Source . . W 5
MtllF-1 Isolated from lesioned alfalfa, fine roots, Mayerthorpe, Alberta v
MtllF~2 " " m 1} 1" " " . ) B "
Mt11F-3 " " " " " " n ) "
. Htllp-l‘ ” 1 " " " i " 1" .
Mclly_s " " " i " ”"n " "
H:llF-é " " " " " " " "
HtllF"7 R ‘ " " v L LI " " " " "
HtllP"s " n 1] . " " " . " . "
Mt1llF-9 w v " n " " " " "
H:lly-lo " " " " " " — " "
o ” " " " " 1 " "
::{gg_z ) " " " " : " " " . " /“T ’
Mt12P-1 " " " ' " " " " o
N Mt12P-4 " " " " Iy " " "
Mt12F-5 " " " " " " " "
q;’ Htlzp_6 . ” " " " " " " 1]
' Mt12P-7 " " " " " " " "
- . - . HClZP-a . " " " " " " ”" ”" 2
. ‘ . Hclzy_l " " " "n Cap-l‘oot, n 1]
. Mt12P-2 " " " " " " " n []
4 . C Mt12P-3 n’ ) " " " " " " " oo
Mtl12P-4 - Rl " " " " " " "
B N . . j“-‘.‘HClZP‘S ) " " " ] " L "o " R
. Mt14P-1 " " " " " w " " !
'\' . : Mtl4P~2 " " n " " " " " i
. . Mt14P-3 ”" " " " wo n ) "
HtlAP—3 . : " " " " . ‘e " .
) MEL4P~4 Wt " " " " n " . ,
' Mt14P-5 ) " n Rl n n " ! "
. Htllbp-ﬁ N " " " " " " " \‘ " i
. v Mt14P-7 - ) " .o " n " " " "
- Mt14P-8 " n "oy " " "o " " VL PR
. . . HClAN}) "w " "o o " " i " " : ’ h
. . Hclbp_-lo . L] " \ " 1] " " n' " . -
R MClICP-lll . " ) n L " " " ‘ . B ", " '
H"Elb?-lz : " . " "o " R " N o' n
Mel4P-1 ’ " " oo fine roots, " )
Mtl4F-2 " " ] " " " " o w?’ . n
Mt14F=3 ! " " " . " " " " " T
Mt 14F<4 Lo ! " " " " " " "
. ) : - Mt 14F-5 s oom " \-;)" N " " " " " "
£} = " Mtl4F-6 ! L By " " - " " " ”" .
- " o ) ;Ktzlc-l . . " " LA " crowm, " i ) }:-
) P Mt21C-1 ‘ " n " , " " " o
‘ Mt21C-2 o n » " o " " » "
: Mt£21C~3 . " 1] " v " / w. oo "
: Mt21C-4 * . wo " " / " "
HchC_S " " w o " [N " "
Mt21P-1 , " " " 1" primary ro Cé, - "o "
. Mt21P-2 n " R " " " [ " "
o . : Mt21P-3 n " " " " wo " !
. Mt21P-4 : " " n . " " " LU "
, Mtzlp_s " " " N ! " " -
oo . Mt21P~6 " " " " . " e
- - . Mr21p-7 [ " w ] " -
\,_-“ - - thlF_l n LI 1" " te |
b " ME21F-2 oo " " " " ol .
v . Mt2lF-3 " " " T f o f
Mt21F-4 ) " " “ [ T
N “ME21F-5° R u "
Mtle-G_ T " " n ney wo
Mt21F-7 NG " "o n PRI e -
’ . MtB2F-1 et " " .
) . S Mt82F-2 " " " " "
. S MtB82F-3 0 " " il | "
: ‘ . MtB2F-§ oo " "o " f " '
: ] ! Mt82F-5 " " " " | LI
Com 4 ‘ HEBZF-6 " " . " " i "
' 4 Mt82F-7 " " " on b "
. Mt82F-8 " " " " ", - . " |
Mt82F-9 R W e o : " “ " 0 ! "
Mt82F-10 - . LT e " " T " " i "
- o B -
. . ' . ; ’ N 9
N ! S K Qe
5. ~ R ’ | 4 ’3-{ A . v\
[ 4 . . ‘\‘ - ' a
* - “ : - . - ' 0 a ta E « é
Lo R . . - : K : ¥
' > 4 v < v S, . 3, R S



&
85
A
t
g
4 o4
i
[}
v
Source of Isolates (cont'd)
Isolate Source
M£23F-1 A Isolated from lesioned alfalfa, fine roots, Mayerthorpe, Alberta
Mt23F-2 " " " ” " " " ¢ "
HCZJF-J . ” " " " " " - L "
McZBF_(. e " 1" [ " " " " "
Mt23F-5 " ”" " [ " " " "
ME23F~6 " " " " " " " "
M:23F"’7 . " " " " " " ” "
MchF-e ”" " " " 1] 1" " L]
MtZJF-g L1} ! " " " " " . L] "
Mt23F-10 " " " " " " " "
Mt23F-11 " " ” " " " " "
Mt23P-1 " " " " tap roots, " "
HCZJP'Z " o " ” 1] ”" B " L1}
Ht23P-3 " " " " " 1] L] "
Me23P-4 " in " n " " " "
Mr23c-1 } " " "o " crown, " "
Mt23C-2 - " " ] " " " X "
Mt23C~3 " ”" " ;I " " "
Mt23C-4 o ] " "o " " "
Mt23C-5 " " " w . " . 1] "
Mt84F-1 " " " " fine roots, " "
MtB4F~2 " " " ] ” " " "
Mt84F-3 . " " " " " " " T n
Mt84F—4 " " " " n " " "
MtBAF—ﬁ ‘:~. " " " " " " " "
. MtB4F-6 1] " " " " " " "
Mt84P-1 " - " " tap root, ” "
 Mt84P-2 " " n " ”" 1) = " "
Mt84P-3 " " " " " " n . "
Spl-1 ) " " " alfalfa roots, St. Paul, Alberta
Spl~2 " " " " " " "
Spl_lB '" ” 1 + " " 1" " .
Spl~4 " " " . " L " - i
Spl-5 " " " " " 1" " '
Spl_6 " " " " ’ " " "
Spl~9 " " " n, " " "
Sp2 " " " " " " "
i
L
~

. a L INRN
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