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- ABSTRACT o o ; . s
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.
-

Fungal iso]ates were recdverpgd from-a field of d1seased lentils

(Lens culinaris Medik.) i //A

fie}d experiments in Ottawa -turally_fnfested soil, F. okzsgorum

caused a large reduction in 3 ield, partieu1ar1y in the two large
seeded varieties. Treatment with the systemic fungicide benomy1 did
not significanf1y improve yield of the variety Laird;howeQer, seed

yield was significantly greater in earlier than in later sowing dates.

A time course study on symptom development by F. oxysporum Isolate

" 82A showed that it invaded the roots preferentially at the sites of

emergence of the secondary roots and caused extensive necrosis:of the
root tissuee. Comharative studiestith this isolate and .other Fusarium
spp. including‘other isolates of Ft? oXysporum recovered from diseaséd
lentils conf1rmed that Isolate 82A wij_the most virulent and that the
rate of ;ymptom development in seedlings was greatest for this isolate.

Lentil seedTings inoculated simultaneocusly with spore suspensions from

F. oxysporum- Isolate 82A and F. solani Isolate 196A deve]oped less

severe symptoms than plants infected with the most virulent: 1so1ate
alone, The symptoms expressed by these plants were intermediat@yto
those produced. by either jsolate alone.

Cytological studies en the penetration and subsequent development

of F. oxysporum Isolate 82A showed that the hyphae pepetrated the

X
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ep1derma1 ce11 1ayer d1rect1y at the zone of e1ongat1on ' Penetration
was not observed through the\rpot apex or root ha1rs dur1ng the initial
stages of infection.  Prior to 1nva on“\the cytop1asm of many epw-
_derma] ceI]s appeared p1asmo1yzed suggest1ng that. ceTT disorganization
occurred in advance of hyphal penetrat10n. In1t1a11y the pathogen
grew only intercellularly in the cortex; however, after the tissue -
became. injured or, degraded due to. the consequences of intercellular -
'invasion, hyphaT strands were also observed to have_penetrated “into the
cells. Within 24 hours‘fo11owin§'inocuTetion the fpngus had invaded
the entire cortex;howevef; hyphae were not present in the vascular
tissue. ObsepVatTons 72 hours after inoculation revealed the presence
pf large cavities in the xylem parenchyma but there was no evidence
of fungal invasion into the stele. |

Cytolog1ca1 ev1dence in addition to the symptoms produced by
Isolate 82A on lentil seed11ngs grown in aseptic- cu1ture, dn pasteur—‘
ized soil, and under field conditions suggests that this isolate is
primart]y a cortical root'rot pathogen of lentils. This study is
the first report of the.occurrence pf F. oxysporum as a pathogen of

Tentils in Canade.

x1



" RESUME
En 1979, utilisant 1a méthode de dilution du sol sur boite

de P&tri, des champignons ont eté isolés a partin d'échanti1jfns

récoltés dans un champs de lentilles malades: ({Lens culinaris Medik.).

L'espéce Fpsqrium‘s'est revelé&e &tre Ta plus frequemment 1sq1ée.. D'autre ;
parf; les tests de pathogénicité realis&s sur, 1'isolat 82A de 1 espéce
F. oxysporum ont meontré& que ce.champignon était trés fortement virulent
pour la varieté de lentilles, Laird: '

Au cours de 1'6t& 1980, quatre varietés de 1enti11é§ ont &té
cultivées expérimentalement dans ﬁn‘champs de la ré&gion d'Ottawa. Sur
un sol nﬁture11ement infesté, F. oxysporum s'est revélé étre la
cause d'une importante diminution dans la productiqh des graines et
ceci particuliérement dans Te cas des deux varietés produisant dé grosses
graines. Un traitement réalisé avec le fongicide systém{que, benomy1
n'a pas amélioré de fé;on significative le rendement de la, varieté
Laird; cependant, 1a production de§ grainéé s'est averée meilleure
.dans Te cas d'une récolte précoce qde dans .celui d'uﬁewrécolté tardive.

“ Une &tude dans Te temps, faite sur le developpement des
symptdmes causé&s par . Te champignonlé. oxysporum Isolat 82A, a révelé uﬂ
envahissement des racines, préferentiéllement au niveau des sjte%
d'émergence des racines seéondéires; on a pu noter d'autre part une
importante nécrose des tissus racinaires. Des &tudes comparatives
rea]iéées entre cet isolat et d'autres Fusarium incluant d'autres
isolats de F. oxysporum prelevés sur des lentilles malades ont confirmé

que 1'isolat 82A était Te plus virulent et que le degré d'expression des

-
’
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symptdmes sur les plants de lentilles &tait le plus &levé. Des lentilles

inocu]eés3simu1£anément avec des suspensions de spores provepant de

F. oxzsgorum.IsoTat Aed_de E. solani Isolat 196A ont brésen%é deés

symptfmes mg}ﬁs ée &res que les plantes uniquement-infecteés avec 1'espéce

la plus virulente. |
Des' &tudes cytologiques realisées su} Ta pé&netration et le '

dé0e1oppement de ' F. oXxysporum Isolate 82A ont montré que'1es hyphes

pénstraient la couche celliMsjre Epidermique directement au'nivegu de

la zone d'é1ongation. Au cdurs des premiéres &tapes de 1'infection,

la pénetration n'a jamais &té& pbservée au travers de 1'apex ou des

-
poils racinaires. Avant mé&me 1'invasion, le cytoplasme d'

grand
nombre de cellules épidermiques eét appard plasmolysé ainsi qu'une
désorganisatia1ce1TuTa1re<précéde la pénétration dessHyphes. Initiallement,
le pathogéne ne se deve1ioppe qu'entre les ce11u1és du cortex, mais
cependant, 1orsdu'une degenerescence .et une dégradatfon apparaissent
dans le tissu eu raison de 1'invasion intercellulaire,| des fibres

hyphales peuvent pén&trer a 1'intérieur des cellules. JAu cours des

.~ 24 heures suivant 1'inoculation, le champignon envahit le cortex tout

entier maig les hyphes ne sont jamais présentes dans le sysféme
vasculaire. De; observations réali§ées 72 heures aprés 1'inoculation
ont reve]é_1'existence de grandes cavités dans le parenchyme xylémique
mais aucune evidence d'invasion fongique dans la stele n'a pu &tre
démontrée.

L'effect cytopathogénique ainsi que les sympt6mes produits

par]'iso]if_§2A sur des lentilles cultivées en milieu aseptique,

xiii
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sur sol pasEQUrisé‘gt dans des conditions'naturelles,‘suggérent que

cet isolat est 1'agent pathogéhe de la pourriture racinaire corticale

des lentilles. Cette &tude met en.évidence pourlé'ﬁreﬁjére fois au
. — ey

VCanada,'1‘existence de 'F. oxysporum en tant qu'égent_pathogéné de

lentilles. " : £

xiv
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LT e INTRODUCTION
\ |

Lentils (Lens culinaris Medik.) are an 01d World-pulse cultivated

extensively throﬁghout ihe'wor1d. They are exceeded only b& wheat, corn, -
rice and barley in harvested acreage (Robinson,‘1975). One of the factors
1imiting their production is their susceptiﬁ???ty-to a few 1ﬁbortant

disease§ and thosé'incited by members of the genus Fusarium are considered

to be the most ﬁerious,'bften resulting in considerable yield losses.
A]thoughlvarious species of this ubiquitous genus have been imb]icated,

E. oxysporum Schiecht. is the most widespread and serious pathogen. It

has been reported as a pathogen of lentils in India, U.5.5.R., Czechoslovakia,

Hungary, Argentina, Uruguay and the United States of America-.

Lens cuiinarié Medik.

The genus Lens Miller, belongs to the family Leguminosae and to the
subfamily Papilionoideae (Purseglove, 1968). Many taxonomists (Lawrence,
1966)'consider this suﬁfami1y to be an independent family termed Papilio-'
haceag (syn. Fabaceae). Lens, comprising five annual species (Ladizinsky,
1979a) is usually placed in the fribe Vicieae and is most c1ose1y-affi—
liated with the section Ervem (Zohary, 1976). L. culinaris Medik. is the
only cultivated species'and is_thbught to have ofiginated from the wild
Jentil L. orientalis {(Boiss) M. Popov. (Baru1fna, 1930) although the
possibility of gene flow from L. nigricans (Bieb.) Godr. cannot be mini-

mized (Smartt,1976). .



n'
There;fs evidence to indicate that lentils were one of the %irst B

plants brought under cu1t1vat10n by man (Pakistan, 1963) The remains

of Tentil seeds have been found {;7archeo1og1ca1 digs throughout the

Middle East suggest1 g that neo11th1c man was a1ready familiar with

this p1ant as early as 8000 B;C. (Ladizinsky, 1979bF. The place of

domestication of Tentils %s uncertain. Renfreﬁ (1873), on the assumption

that L. nigricans is the progenitor of the cultivated lentils concludes

that southern Europe is the place where lentils evolved whereas other.

authors have suggested northern India (Barulina, 1930), the Near East.

| (Zohary, 1972), and the Mediterranean (Vavilov, 1949):.

Lentils are slender plants with an erect growth habit (Fig. 1).
‘Gerhination islhypogeal; the f1o@ers are predominantly self-fertilized
{Smartt, 1976).. Seeds, which are lens-shaped, aee produced in broadly
oblong pods, usually 1-2 per pod. There are two distinct subspecies
based oﬁ seed size. Subspecies microspermae includes those cultivars
with small pods and small seed (3-6 mm; 100 seed weight of 1.8 g); the
large seeded lentils (6-9 mm; 100 seed weight of 5.4 g) are érouped in
the subspecies macrospermae (Papp, 1980). |

Lentils are grown extensively throughout the w0p1d although they are
best adapted to the cooler temperaie zones. Recent F.A.0. statistics
indicate that Tentils are cultivated on about 1.9 million hectares (ha)
annualiy and that tota]Aproduction is greater than 1.2 million td;nes
(F.A.0., 1978). India and Turkey are the largest producers of lentils
followed by Syria, Spain, and then the United States of America, the
largest lentil producer in the Western Hemisphere: Ninety-five percent

of the U.S.A. production is centered in the Palouse area of eastern

Washington State and northern Idaho (Youngman, 1968) where over 50,000 ha
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Figuré 7. Mature lentil plants var. Laird with flowers

(white arrow) and mature seed pods {black arrow)
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are sown to this crop annually. Commercia]Aprdduétion of Téntils in

Canada was initiatedlin 1970 when 600 ha were grown in the Eatonia dis-

trict of west-central Saskatchewan (S1inka}d and Drew, 1980). in 1980,

production-increased to 44,00b ha with most of this acﬁeage in

Saskatchewan‘but with some acreage contributed by Manitoba and A1berta
(STinkard and Drew, 1981). Most of the Canadian lentils are growh ;nder .

contract and yields aOerage about 1,000 kg/ha with a reported high of

2,018 kg/ha (Manitoba, 1975). _

There are two varieties of lentils licensed for QSe.in Canada.

* Lentil variety Laird was developed at the Crop Development Centre,

University of Saskatchewan and 1icen§ed iq November 1978, following un-

succ;;sful field trials with the varieties Commercial Chilean gnd Tekoa

both of which were grown extensively through@ut the Palouse area

(wiisonrgg_gl,, 1971). Laird is a taller, later maturing, higher yielding .

- and Targer seeded lentil than Commercial Chilean (Slinkard and Bhatty,-
1979) and is well adapted to Saskatchewan growing conditions. ..

Recently, a second lentil cultivar, designated Eston, was licensed
in Canada. Eston is a small-seeded variety, whiéh is shorter than Com-
mercial Chilean, but produces more seed (Slinkard, 1981).

h Lentil seeds are used primarily as a source of vegetable protein for
human donsumptfon. The percentage gf protein in ﬁentiI seeds varies
considerably and a value of 25% (dry weight basis) is considered repre-
sentative (Smartt, 1976). Although lentil proteins are deficient in the
sulphur containing amino acids, methionine and éystiné,they contain more
lysine and threonine than wheat and rice. (Bhatty and Slinkard, 1979;

Saint-Clair, 1972). 1In addition to the use of the seeds for human food,

lentil plarts are often employed as'a green manure {Pakistan, 1963)



- - and in Indfa, lentil husk, bran and straw are utilized as feed for
livestock (Indfa, 1962). The uée_of Jentil plants as a forage crop

in Canada is increasing (Slinkard, personal communication).

1;i¢.PREVALENCE AND DISTRIBUTION OF LENTIL DISEASES s

Although lentil s a valuable pulse crop, there are few reports of
diseases, especially from North America. Barulina (1930} noted that -

- lentils were susceptible to mildew caused by Erysiphe commune

and Peronospora lenti Gaumann and to a rust produced by Uromy

A . . .
ervi Winter. The first.record of a soil-borne disease of lentils
orfginated in the U.S.S.R. when in 1931, Prissyajnyuk described a

seedling blight of lentils incited by Fusarium oxysporum Schlecht. f.

sp. lentis (Vasudeva and Srinivasan) Gordon. Three years 1éter_the
occurrence of this disease was noted from India (Anonymous, 1934).
Subsequent descriptions of this.disease have'gome from other parts of
the world, including Argentina (Carrera, 1940), Czeéhoslpvakia
(Ujevic et al., 1965), Hungary {(Fleisctmann, 1937), Unjted States of
America (Wilson and Brandsberé, 1965), and Urhguay (Carrerg and

Nol1, 1941). | ’ _ :

The severity‘of'the disease has been variable, with the extent of
tﬁe mortality of plants ranging from 25 percent in the seedling stage
(Kannaiyan and Nene, 1972) to 50 percent at the f1pweri;g and fruiting

‘stage (Khare et al., 1972). 1n addition to F. oxysporum, Carrera and

Noll {1941) reported that Fusarium avenaceum {Corda ex Fr.)} Sacc.

(= Fusarium roseum Lk. emend Snyd. & Hans. 'Avenaceum’), Fusariym scirpi
Lamb. & Fautr. var. acuminatum (E11. & Ev.) Wollenw. and Fusarium

culmorum (W.G. Smith) Sacc. were associated with lentil wilt in Uruguay.

]
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S //f""fwﬂapiuﬁ\koseum 'Avenaceum' causes a root rot of lentils grown in

eastern Washing " State, and although it 1s not considered severe under

field conditions ﬁt}may become damaging when the lentil crop follows
b]uegrasa\in rot tfbn ar when the soil has first been fumigated (Lin

]979). Its lack of virulence under natural soil conditions

R

and Codgk,
is thbuéﬁt to be due to suﬁpression associated with antagonistic soil
microflora. McKenzie and Morrall (1975) reported that a root rot of
IentiT\seed1ings caused by'f,lrggggm_occurred in the lentil growing
areas of SaékafcheWan. This disease was not serious, affecting a

mean of only 2.7% of the plants just prior to swathing.

‘Fusarium solani (Mart.) Appel” & Wr. produces a very severe root

rot of lentils in Egypt and may, in conjunction with other root pathogenﬁ;
result in up to 83% pre-emergence damping-off. F. solani gave the
highest percentage qf post-emergence damping off (Shat]a_ggngl., 1975)
under similar conditions. F. solani f; sp. pisi has also been isolated
from lentils. in Washington State (Lin and Cook, 1977) and tests showed
that this isolate produced a black root rot, a1though'{t was not wide-
spread. |

In Iran, Kaiser and Horner (1980) isolated F. oxysporum, F;fgggggn,

and F. solani from diseased lentil roots but in subsequef nhouse

pathogenicity tests they found that these three Fusarium spp. wege

timum
™~

Trow and P. aphaniderumatum (Edson) Fitzp. recovered from lentil roots

nonpathogens. However, they observed that isolates of‘Phythium:u

were highly pathogenic resulting in over 50% plant mortality. In con-
trast, P. ultimum failed to produce root rot symptoms in pathogenicity

tests conducted by Lin and Cook (1977},
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A collar rot, caused by Sc1erotiyh ro1fsiif3acc. has been reported

o lentils by Pavgi amd Upadhyay (1967} and Mathur and Deshpande -(1968).
~ Pavgi and Ubadhyay (1967) noted a 25 percent or more loss in yield of

lentils grown in northern India. Claudius and Mehrotra (1973) reported
that the root rot incited by S. rolfsii was less common bu£ more
destructive than the wilt diseasé caused by F. oxysporum.

A species of Rhizoctonia has been réborted-qn lentils in the U.S.A.
by Wilson and Branﬁsberg {1965) and in Canada by McKenzie and Morrall

' : TN
(1975). A root rot of lentils, produced by R. solani Kuhn. was described
by Shukla et al. (1972) and Kannaiyan and Nene (1975) from India.

Other %eports of root diseases include a seedling blight of Tentils

caused by Alternaria alternata (Fr;) Keissler -(Mishra and Rath, 1975)

and root rots caused by Macrophomina phaseolina (Tassi) Goid. and

Helminthosporium sp. Link (Khare et al., 1971).

McKenzie and Morrall (1975) have observed stem rots of lentils

caused by Scierotinia sclerotiorum (Lib.)’de Bary. and Botrytis cinerea

" Pers. ex. Fr. The latter pathogen, along with B. parasitica cav., F.

oxysporum, and Uromyces viciae-fabae (PerS.) Schroet. is listed as

being seed-boéne on lentils by Richa}dson {(1979). A recent rebort by
Morrall and Sheppard (1981) describes a seedling blight caused by seed-

borne Ascochyta lentis Bondartieva—Montgverde & Vassilievsky. They

suggest that this is a pofentia11y serious disease in western Canada

affecting seed quality more so than seed yield.

1.3 EPIDEMIOLOGY AND CONTROL OF FUSARIUM DISEASES OF LENTILS

Khare et al. (1971) found that disease incidence was inversely



proportional to thé pefcentage of sofil moisture._ In greenhouse studieé,‘
maximum infection was associated with 25 percent moisture-inlthe soil

and :no disease was observed at saturation levels. Lin (1975}, working
with F. roseum 'Avenaceum' also found that root rot of lentils wat hore
severe it dry soil than in wet soil. These results are in contrast to
the observations of Kaiser and Horner (1980) who noted that disease
severity was greater with varieties that were 1rr1gated most frequent]y
Also, the root rot of soybean caused*By F. oxysporum was found, to be

most destructive when soil was water-saturated soon after seeds were

sown (Dunleavy, 1961}).

Soil type Qas also found to have an influence on disease incidence,
as evidenced by the work of Vasudeva and Stinivasan (]9525'and Krare
gt_gl. (1971). The former workers showed that infectionlwas greater in
sand {100%) and least in clay soils (10%). Khare et al. (1971) observed
a higher percentage of disease in saﬁdy Joam type soil than in clay.
Soil hating a pH range of 7.6 to 8.0 favoured disease-development on
. Tentils by F. oxysporum (Khare et al., 1971); however, Fleischmann (1937)
seasenoted that Tentils grown in acidic soils were more d1seased than
%hose in alkaline 50115

Soil temperatur@ was also found to be an 1mpg$¥5nt factor in
disease developmenrt. Carrera and Noll (1941) found that Fusarium
disease of lentils was more widespread inlhot wéqther than at cooler

températures. '‘Other studies have shown that high temperatpres favour
the incidence of disease in lentils (Claudius and Mehrotra, 1973;
Shatla et al., 1975; Vasudeva and Srinirvsan 1952). In contrast,

Lin (1975) observed that lower temperatures facilitated disease
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deve]opment.‘ He reported that lower températures retarded growth of
lentil seedlings d11ow1ng a greater period of time for exposure to-
F. roseum 'Avenaceun' - ‘ ‘

Sowing‘of the Tentil crop late in the year in India and the Middle
East has been recommended to impfove seed yié1d$ (Hussein et al., 1977;
Kannaiyan and Nene, 1975; Khare et al., 1972; Kyalova, 1973; Shatla
et al., 1975). Since lentils are relatively frost hardy, early sowing
in North America was recommended by S1inkard (1980). Presumably the
Tower soil temperatures inhibit growth of the fungaf pathogeﬁ§
(Kannaiyan and Nene, 1975).

The first attempt at chemical control of F. oxysporum infection in
léntils was made by Kovaci]ova (1970) who obtained effective control of
the disease by iréating Tentil seeds with a mixture of captan-and thirem.
Khare et al. (197&) reported that when Benlate treated seeds (1:400 w/w)
were sown in soil previously treated with Benlate (8 mg/pot), they achieved
a decrease in mortality of almost 40% over check plants. In the same
experiment, the percentage of disease was also reduced when s;eds were
treated with chioroneb and thiram. Kannaiyan and Nene (1972) obtained
effective control, under field.conditions, by treating seed with triarimol
(0.05% acéive ingredient {a.i.) w/w) and benomyl (0.15% a.i. w/w).

Shatla et al. (1975) in their investigations of the chemical control.
of lentil root rot in Egypt found that benomyl, when applied at the

rate of 9 kg/feddan (= 23.8 kg/ha) as a drench to soil in pots, gave

69% disease control. In Canada, captan was appiied as a seed treatment
"at 2.8 g a.i. per kg seed for the contral of a seedling blight |

caused by Fusarium spp. and Rhizoctonia solani. However, this treat-

ment did not significantly increase seed yields over non-treated controls

(Duczek and Buchan, 1978). Attempts at controlling Fusarium
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disease of lentils by the use of biological control measures was in-

vestigated by Mehrotra and Claudius (1972). They obtained good results

~against F. oxysporum f. sp. lentis by the use of such éntagonists as

Trjchoderma viride, Streptomyces gougerotifas well as other species of

Streptomyces and two unidentified bacterial isolates.

1.4 THE PATHOGEN

The genus Fusarium is world-wide in distribution and comprises a
number of species that are soil-borne pathogens of many agriculturally

important crops. F. oxysporim is considered to be the most economically

_important species, inciting severe wilts in many host plants (Booth, 1971).

Snyder and.Hansen {1940) subdivided this species into a number of strains

or forms based upon their pathogenicity.

Fusaria in general and F. oxysporum {n particﬁlar are quite variable
morphologically as well as physiologically. They can on1y'be identified
with certéinty if the cultures are ﬁéintained under standardized conditions
(Tdussoun and Nelson, 1968). Due to the use of non-standardized conditions

by some researchers, there is much uncertainty in the literature concerning

" the nomenclature of fusarial isolates. An example of the confusion that

can arise in the identification of different species‘of Fusarium is in the
identity of F. oxysporum.

Prissyajnyuk (1931) and Fleischmanr (1937) identified a species of.
Fusarium as the organism responsible for yield losses in the U.S.S.R.
and Hungary, respectively. Somewhat later, Carrera (1940) reported that
F. avenaceum and F. orthoceras were the casual agents. In addition,

a species of Fusarium, different from F. orthoceras was isclated

by Padwick (1941) and was reported to be the cause of disease
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“in hoth lentils and gram. Altogether two new species of Fusarium
(F. scirpi var. acuminatum and F. culmorum), along with F. avenaceum
were found associated with the disease. Vasudeva and Srihivasan'(1952)
identified the pathogen and named it as E:'orthoceras Scﬁ1echt. var.
1gg§j§‘Vasudeva and Sr1n1vasan, adopting the Fusar1um taxonomic system
of Wollenrwsber and Reinking (1935). Claudius (1968), us1ng the key pro-
posed by Synder and Hansen (1940), changed the name to F. oxysporum
Schl. f. sp. lentis Vasudeva & Srinivasan.

In their description of the pathogen, Vasudeva and Srinivasan (1952)

noted that the medium used for growing the fungus turned pink within a

few days and that it produced microconidia, macrocqnid{a and chlamydo-
spores in culture. Microconidia have been reported to be sing]e-c;11ed,
hyaline, ovoid, and measure 6.7 x 3.7 microns (Khare et al., 1971);
whereas Vasudeva and Srinibasan (1952) measured the.size of microconidia
as 8.5 x 2.7 microns. They described macroconidia as being pointed at
the fip and_notched at the base, fusaroid, with 1-6 septa and 10-50 x
5-6.7 micréns in size. Chlamydospores are uniceilular and terminal or
intercalary with thick walls (Khare et al., 1971).

" The pathogen grows best in the range of 27° to 30°C and prefers a
pH;gf 5.0 in the medium although it is capable of tolerating a wide
‘angg (Vasudeﬁé and Srinivasan{'1952). Sharma and Agnihotri (1971),
found that the organism grew we1i on natural and synthetic media and that
the fungus could successfully utilize a wide range of carbon compounds.

| It is generally assumed that the fusaria exist in soil predomin-
antly as chlamydospores; single-celled, thick-walled asexual spores

(Cook, 1968; French and Neilson, 1966; Nash et al., 1961; Trujillo and

Snyder, 1963}. " Toussoun and Snyder (1961) noted that conidia from



13

E. solani f. sp. phaseoti germihated‘readily in soil but that chlamydo-
' spores from the same strain germinaggd‘on1y un&er conditions coﬁducive
to infection. Park (1965) concluded that this infers a greater adapt-
ability of chTamydospores for survival in soil. Chlamydospores may
arise by the modification of conidia added to soil (Park, 1955) or.
conidia'may germinate briefly to give r1sé.to chlamydospores (Nash,
Christou, and Sryder, i961). French and Neilson (1966} obse;ved that
macroconidia of F. oxysporum f. sp. batatas, which were formed profusely
at soil surface were rapidly converted te chlamydOSpoFes when washed into
)the s0i1. Caldwell (1958) showed b} direct microscopic obserfvation that
.conidiarwere not és transitory as first assumed and that éonidia cofld
survive for up to 1 year in soil. Chlamydospores of F. OXysporum f. sp.
‘cubense may survive upwards of 40 years as shown by Stover and Waite
7}1954) while sti11‘?etqining their capacity to infect banana plants.
- Houston an& Know1es‘(1949) have observed a 50-year survival period for
F. oxysporum f. sp. 1ini. The actual number of survivors after this
perioﬁ fs probably rather small because mogt bropagu]es of F. oxysporum
were ghown fo Tyse soon after the host crop was removed (Smith, 1970).
Concurrentliy, there appears to be a loss in the dggree of pathogenicity
Wensley and McKeen (1963) with the time of host removal. They studied the
mﬁskme1on wilt organism F. oxysporum f. sp. melonis and found that at
harvest 70% of the F. oxysporum isolates were pathcgenic whereas a few
months later only 12-15% of the isolates were pathogenic.
Armstrong and Armstrong (1948) ahd Hendrix and Nielson (1958)
observed that pathogenic forms of F. gixﬁﬁgggl could infect roots of
non-host plants without pathogénesis and that this was crucial to the

survival of soil-borne pathogens in soil. The importance of these
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~. symptomless carriers I1es in the activation of germination of the .
fungal propagules and the1r establishment in roots (Ban1hashemi and
de Zeeuw, 1975) enab11ng the fungus to reproduce and to increase its
numbers without exposure to antagonistic soil saprophytes (Katan, 1971).
Chlamydospores of F. solani f. sp. phaseoli were observed to ge;minate
wheﬁ p1aced adjacent to seeds of nonsusceptib]e?bean plants. Within
3-5 days, newly formed chlamydospores were visible around the germi-
nating seeds. No germination of chlamydospores in the original ino-
culum was observed in non-rhizosphere soil" (Schroth and Hendrix, 1962).
These results indicated that the pathogen was able to perpetuate itself
in a host-free environment. Davis.(1963) however, showed that Fusarium
species infecting noncompatible hosts were unable to produce toxins
and Mussell and Green (1970), studying F. oxysporum f. sp. lycopersici, -
found that this strain préduced polygalacturonase, a waT?-hydronz%ng
enzyme, in susceptible tomato plants but not in resistant cultivars.

Seveéa] workers haye reported that germination of Fusarium chlamy-

dospores is stimulated by nutrients exuded from plant roots (Kommedahl,
1966; Schroth and Snyder, 1961; Schroth, Toussoun and Snydeh,.1963).
Fusarium chlamy@ospores are able to germinate when exposed to certain
amino acids and sugars ta form a mycelium that will infect a host

plant or give rise to ireplacement chiamydospores. - 1

1.5 PENETRATION AND ESTABLISHMENT OF THE PATHOGEN IN HOST ROOT TISSUES
As previously discussed, Fusarium is capable of existing in soil for
1ong periods of time while still maintaining its capacity to infect

host root tissues when spore germination is stimulated by the appropriate root -
A
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exudates. The interval between the appéarance of the germ tube in

the vicinity of the Fost tissues.and the establishment of pathogenesis

i mmmr

in lentil roots was {nvestigated in this study. The penetration and
proliferation of F. oxysporum in lentil roots has not previously been
elucidated a1thoqgh there are a number of reports describinc the pene-
tration of this speciés into“other hosts (Abawi and Lorbeer, 1971;
Alconero, 1968; Andersoﬁ and Walker, 1935; Chambers and Corden, 1963;
Chi et al., 1964; Hepple, 1963; Maitra et al., 1976; McClure, 1950;

Pennypacker and Nelson, 1972). Kamel et al., (1973) have described

"

the infection of lentil hypocotyls by Fusarium so1qni.

. In their descriptions of the mode of penetration into host tissues,
some authors have observed that Fusarium species penetrate their hosts
primarily through wounds caused by nematodes, insects or other agents

(ATconero, 1968; Garofalo, 1960; Kreitlow and Hanson, 1050) In their
e

“studies with F. conglutinans Wollenw., Anderson and wa1ker (1935) and

Reid (1958) showed that penetration was interce11u1ar whereas Chi et

~al. (1964) noted that Fusarium spp. penetrated the host epidermis

" intracellularly as well.

It is generally agreed upon that the root is differentially sus;
ceptible to fungal invasion. Alconero (1968irand Chi et al., (1964)
found that most fungi invaded through‘the meristematic region§ of the
root tips but that areas furtherupcould also be penetrated. Tisdale

(1917) found that F. conglutinans penetrated the root hairs of cabbage

plants and for many years this was considered the chief avenue of
entry into the host. Smith and Walker {1930} found invasion to occur

chiefly through the root cap and the zone of elongation, and only in-



frequent1y through the root hairs. Tippett et al. (1976) noted that
__germ tubes of Phytophthora cinnamomi Rand§/;:;E}rated the .roots of

Eucalytus obliqua preferentially in a zone 1 cm in Tength behind the

root cap. Zentmyer (1965) observed that zoospores of the same pathogen
clustered preferentially at the zone of elongation on roots of avocado.

Following penetration, ,the fungai Wypﬁae advanced into the cortical

area where initial growth was intercellular but later became intra-
cellular as wé11 (Chi et al., 1964). Christou and! Snyder (1962) working
with F. solani f. sp. phaseoli found fha%-in the {nitial stages of
invasion, the pathoéen avoided internal penetration of 1iving tissue.

It preferred to grow betwéén and around cells rather than in them. |
After the cells became degraded or senescent,. the fungus entered the
interior of the cells and tissue decay f011owed Chi et al. (1064)7
observed that invasion of the vascular tissues was most1y.throﬁgh the
_‘meristematic regions and that hyphae colonized the xylem vessels and
parenchymd cells eausing occlusion with a darkly staining substance.
‘Christou and Snyder (1962) noted that the pathogen remained restricted
to the cortex until the final stages of cortical decay. They concluded
that this was perhaps due to the intercellular nature of the pathogen

and its relative inability to invade the suberized walls of the endo-
dermis. This observation is in agreement with Conant {1927) who reported

that the endodermis of tobacco was of some protective value against

Thie]aviopsi§ basicola (Berk. & Br.).

I

Many pathogenic forms of F. oxysporum cause a vascular wilt in
which the fuﬁgus rép1d1y colonizes the xylem elements of the in—;
fected plants (Armstrong and Armstrong, 1973). However, there are
a number of reports in the literature which indicate that F.

oxysporum may instead produce symptoms of a cortical

-
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decay in which vascular discolouration is limited to the basal regiﬁns
of the plant and-reiso1ation.of the fungus is successful from only
1-2 cm beyondlfhe discoloured zone (Alconero, 1968; Jarvis et al.,
1975; Smith, 1975; Weimer, 1944). 1In the root rot 6f soybeans caused
by a number of undetermined Fusarium spp. the pathogens are confined
to the ;ortica] tissues except in the very advanced stages of disease,
whep the vascular elements also become invaded (Sinclair and Shurtleff,
1975). o

The present inﬁestigation is a study of the aetiology of the root‘
rdt disease of lentils caused by F. oxysporum in eastern Canada. It
represents the first report of the occurrence of this fungus as a

pathogen of lentils in Canada.



MATERIALS AND METHODS
2.1 -ISOLATION OF FUNGI FRQM FIELD=GROWN LENTILS

Diseased lentil seedlings were co11e;ted from a plot located on
the Central Expérimental Farm, Ottawa, Ontario, during the month of
September, 1979, Four 1.0 cm seéments were remov;d frbm thg dis-

~ coloured tap root and surface—disinfebted by immersion in a 0.6%
sodium hypochlorite so1ution‘f0r 1 minute followed by three rinses in
sterile distilled water. The central 0.5 cm portion of eéch piece

- was excised and iﬁbubated on plates of nutrient agar at 21°C on a

-Taboratory bench. After three weeks of incubation an inoculating
loop was used to transfer a small portion of the hyce11a1 mat to a

microscope slide. Fungal structures were stained with methylene blue

and observed with a Wild compound microscope.

2.2 TISOLATION OF SOIL-BORNE FUNGI FROM A DISEASED LENTIL FIELD ®

2.2.17 Collection Of Soil Samples
The Central Experimental Farm plot sown to Tentils in 1979 was divi-
ded into’ 32 sample areas,‘each approximately 5 x 10 m. A standard
soil extractor was used to remove a 2.4 x 25 cm core from the centre
of each site. Prior to the removal of each soil core, the extractor
was swabbed with paper towelling soaked in 70% ethanol, rinsed in
sterile distilled water and dried with sterile paper towelling. Coresm—

were carefully withdrawn with sterile tongue depressors and placed

18
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into sterile 530 ml Whirl-Pak (Fisher Scientific) plastic bags. Each
bag was labelled and sealed. In addition, 8 core samples were ran-
domly selected from the non-cultivated area adjapent to the'diseased
Tentil fie1d,.in order to compare inoculum densities between thése
" two areas. |
2.2.2 Preparation O0f Soil Dilution P]afes '
On return to the laboratory each bag of soil was agitated to obtain
a uniform mixture and large scil pértic]es were pulverized by hand.
Under aseptic conditions two fifteen gram subsamples were removed from
each bag with a flamed spatula and placed into separate sterile 9 ¢m
'p1ast%c Petri dishes. The subsamples were desﬁgnated as’éiéher A or B.
This procedurg was carried out for all 40 samples, resulting in a total
of 80 subsamples. Tﬁe dishés were placed into a cool oven at:25°C,
with the fan in operation to promote drying of the samples.. The oven
door was left slightly open to facilitate the inflow of air from the
room. The soil samples were allowed to drj for four days and then the
moisture content of the soil was determined as a measure of the water
lost during drying using 10 randomly selected dishes. Following the
dryiﬁg regimen, the soil samples were passed individually through a
2 mm sieve to remove stones and large soil particles.
The ‘procedure used in the preparation of the soil dilution plates
is outlined in figure 2. ‘Incorporated in this technique is watson's
so0il washing modification to increase the percentage recovery of pro-
pégu]es of Fusarium spp. A 10.0 g sample of the air-dried spil was
put into a sterile 500 ml Erlenmeyer flask containing approximately
40-2 mm glass beads. Following the addit{bn of 200 ml of sterile

distilled water, the flask was agitated for 5 minutes on a gyrorotary

\

~



Figure 2. Procedure used for the isolation of Fusarium spp.

from soil using Watson's (7960) modification of the soil dilution

nlate technique.

—



Isolatlon of Fusarium spp. From Soil Using Watson’s Modification of the
: Soil Dilution Plate Techmque

2

Air-dried soil sample

;

10 g subsample*

'

Suspend in sterile water, shake, let st\and and discard
supernatant; repeat 4x (Watson, 1960)

'

Suspend sediment in 100m! of a 0.1% agar solution,
and shake for b minutes

1:10 dilution

| A~
Transfer 10ml to 90mi of a 0.1% agar solt‘(
~ and shake for 5 minutes ~

[1:100 dilution

'

Transfer 10ml to 90mi of a 0.1% agar solution
and shake for 5 minutes

[1:1000 dilution

1

Transfer 1ml to each 4 plates of peptone-
pentachloronitrobenzene agar (Papavizas, 1967)

* This procedure was performed in duplicate, using a second
10 g. subsample.

FI1G, 2
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shaker at 140 rpm to facilitate the breakdown of soil aggregates and
then altowed to settle for 1 min at a 45° angle before the supernatant
was d1scarded This soil washing technique was repeated an additional
three times in order to dilute the number of spores of Pen1c1111um,

sperg111us, bacteria and actinomycetes. These organ1sms are usually
more abundant in soil and‘tend to ovérpopulate the piates, thereby
suppressing the growth of other genera of fungi (Watson, 1960). After
the final decantation, the sed1ment was suspended in 100 m) of a 0.1%
agar solution and shaken for 5 minutes. The aggf;ff}ut1on was selectad
as the d11ut1ng medium because it maintained the dispersed part1c1es
in suspension while the transfers were made. Ten ml of the 501J sus-
pension was Eransferred to a 250 mI:Er1enmeyer flask containing 90 ml
of the agar suspension. While being agitated continuously, 10 ﬁ1 was
removed and made up to 100 ml with the diluting agent which resuited’
in a fina1-di1ﬁtion of 1:1000. Preliminary .tests with dilution factors
ranging from 1:100 to 1:700,000 had revealed that this dilution was
optimal to ensure good separation of colonies on the soil deution
plates. Four 1 ml aliquots of this suspension were remowed and pipet-
ted onto the surface of four separate 3 day-old plates of a modified
peptone-pentachloronitrobenzene agar recommended by Papavizas (1967)
for the selective isclation of Fusariuﬁ species from soil.

The medium was composed of 15 g peptone (Difco), 1 g potassium
dihydrogen phosphate (KH2P04),~0.5 g magnesium sulfate (Mg504-7H20),
0.5 g pentachloronitrobenzene (75% wettable powder, Terraclor), 0.5 @
Bacto-oxgall and 20 g of agar in 1 litre of distilled water. The
medium was adjusted to pH 6.0 with glacial acetic acid, then auto-

claved at 121°C for 15 min, and cooled to 45°C in a water bath.
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~~  Chiorotetracycline HC1 (50 mg/1) and streptomycin sulfate (100 mg/1)
Were added to the cooled medium and aliquots of approximately 20 ml
were po%rgﬂ.iﬁ{o sterile Petri dishes- ' These were left :
~in a darkened room at 21°C for 3 days because initial drying of the
agar encourages absorpt1on of 11qu1d from the 5041 suspensions, thereby |
reducing the spread of bacterial and yeast contaminants (Nash and
Snyder, 1962). | |

Dilution plates were inverted and incubated at room témperature in

a laboratory cabinet enclosed wikh brown paper for 3 days prior to re-
moval of the-paper-and incubztion for an additional 4 days én a labo-
‘ratory bench (wensiey and McKeen, 1962). Diffuse daylight for the
first few days of incubation wés necessary for sporuaation of the‘
fusaria and to inh%b{t‘growth of phycomycetés {Nash énd Snyder, 1962).
Plates were examined initially on the 4th day'bf incubation'and daily

. o
thereafter,.

2.2.3 Identification Of Field Isolates
* _ After one week of incubation, the dilution p]atgs were examined
under a stereoscopic microscope at 50x magnificatidnk A flamed broach
(size XX Fine, Union Broach Corp.) was used to.iso]até a small piece
af agar containing a single hyphal tip from each morphologically dis-
tinct fungal colony. Zhe agar block was transferred upside down onto
the surface of plates of potato-éucrose—agar {PSA; Booth, 1977; modi-
fied by reduction of the sucrose concentration tg 15 g/1) and inéuQ
bated for 7 days under centinupus cool-ﬁhite fluorescent illumination
(10,760 Tux) at 22°C to encourage sporulation. Those colonies which
A _

failed to produce spores'under these conditions were placed under near-

[ N
ultraviolet light on a 12 hr on/off cycle or small blocks of agar were
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removed from the colony edge and pfaced'into sterile water to stimu-

late spore production.

.,

F1ve drops gf sterile d1st111ed wgter were spread onto the surface
of each sporufngng calony w1th a flamed loop. One lcop of the spore
suspension wl; transferred and dispersed in 20 droﬁs of sterile water
in a Petri dish. A loopful of fhe resulting spore suspension wﬁs
transferbed and mixed with 20 drops of water in another Petri dish aﬁd‘
the process repeated until a dilute spore suspension was obtained.

This was spread onto the surface ofhé‘ﬁTate_of 2% water-agar which was
left uncovered in a’1aminar'f1ow hood for 2 hours or until all of the
water had been absorbed into the agar. A broach was used t6 isolate
and transfer single conidia to plates of PSA. Thirteen plates were
prepared, each with a single conidium at its centre, for each fungal
isolate. Twelve of these were incubated at 25°C, 30 cm below 4 coo]--
white fluorescent tubes (4,950 Tux) for exactly 96 hours. A growth
rate was calculated for each 1;o]ate based upon the average colony
diameter attained b) the first 8 monoconidial colonies (Gordon, 1952).
The thirteenth plate was 1ncubated 30 cm below two daylight fluorescent
tubes (2,800 lux) at 229C for 2 weeks for the determinatipn.of culture
pigmentation by comparison with Rayner's (1970} myco]ogié%ﬂ éo]our

LY

charts.

In addition to culture pigmentation and colony gfowth raée, each
1so1at¢ was examined both macro- and microscopically and notes made on
the following features: colour and texture of the aerial mycelium;

shape, size and septation of the macroconidia and microconidia if

present; and the presence or absence of chlamydospores in culture,
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These morphological characteristics were compared with the desbriptions
of Booth (1971) to determine the identification of each fusqria] 1s0-
late. In additioﬁ, monoconidial_cu]tures, or in the absence of spores,
“colonies arising from single hyphal apices, growing on PSA were sent to
the Biosystematics Research Institute, Agriculture Canada, for verifi-

cation of the identifications.

2.3 PATHOGENICITY OF FIELD ISOLATES TO LENTILS .

2.3.1 Source Of Plant Material

Lentil seeds, (Lens culinaris Medik.) var. Laird were purchased from

o

Neufield Seed Ltd., Nipawin, Saskatchewan. The varietie§ Commeréia1
Chilean and Eston as well as a Plant Introduction'(P.I.) 179313 were
kindly provided by Dr. A.E. Slinkard, Crop Development Centre; Uni-
Qérsity of Saskatchewan, Saskatcon. A11 seeds were stored in darkness,
at -20°C, until use. To ensure uniformity among. samples, only seeds

- with green coats as designated by reference to the colour terminology
of the Inter-Society Colour Council - National Bureau of Standard
Colour - Name Charts (corresponding to cenf;oid colour chips 91 and 1055
were se1e¢ted for each expe;iment. In addition, individual seeds were
examined with a stereoscopic microscope and only those free from cracks

and other seedcoat abnormalities were included as part of the experi-

mental material.

2.3.2. Seed Surface Sterilization
Several treatments to surface steti1ize lentil seed were tested
(Table 3). The method selected for routine use consisted of the pre-

liminary soaking of lots of 150 seeds for 5 hours in 200 ml of distilled
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water amended with 0.04 g of powdered detergent (Sparkleen, Fisher

Scientific). The seeds were then soaked in a 0.6% solution of sodium
hypochlorite for 17 minutes and riﬁsed three times in sterile distilled
water, each for 10 minutes, Seed was germinated on plates of wafer—
agar_(Fjg. 3) incubated in darkness at ZQOCL This surface sterilization
procedure was selected because jt yielded a high percentage of micro-
organism-free seed w{thout adversély affecting germination or subsequent
seedling growth. -In addition, any contaminants fhat survived the seed

treatment were readily observed on the agar surface and the host seed

was culled.

2.3.3 Pathogenicity Testing Under Aseptic Conditions

Uniform appearing, surface-disinfected ¢ day-old seedlings having
a radicle length of approkimate]y 1 cm were selected for use in the
pathogenicity tests. These -were transferred aseptically to 3.5 x 30 cm
glass culture tubes containing 75 g of 2 mm glass beads (Fig. 4) to
which a 5% Hoagland's solution (Hoagiand and Arnon, 1938} was added to
cover all but the top two layers of beads. The bottom of each tube
was fitted with a black plastic sleeve, 6 cm in height, to restrict
entry of light into the root zone. fhe sleeve could be removed to
observe the root system during symptom development. Culture tubes were
incubated in a growth cabinet set to provide an 18 h photoperiod with
day/night temperatures of 22 and 1600, respectively. ITlumination
.(7,540 Tux) was provided by both 40 watt incandescent bulbs and cool-
white fluorescent tubeé.

Seedlings were inoculated when 7-days old with 1 ml of a spore
suspension,‘preﬁared from 7-day old cultures.grown on PéA. The sus-

._pension was adjusted to 100,000 conidia/ml with water as determined



Figure 3. Two day-old surface-sterilized lentil seed germinated

in petri plates containing sterile 2% agar.






Figure 4. Drawing of the culture tubes used in the aseptic
péthogenicity tests., The glass tubes were 3.5 x 30 cm and the
seedlings were supported on a bed of 2mm glass beadst An ‘external

black plastic sleeve was used to shade the root zone from light.
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in an American Optical hemacytometer counting chamber, ;The glass
beads were 'pushed aside with a sterile 23 cm pipette, the inoculum

was administered to the steh at the.point of attachment -of the cotyle-
dons, and the'gléss beads were replaced. The tube was agitated to
distribute the spores throughout tﬁe root zone. Control seed1jngs
received 1-ml of sterile distilled water. Inoculated and control 9.
seedlings were retufned to the incubator, and examined every other

day for the presence of disease symptoms. Each treatment_consis;ed

) ]
of 6 plants and all-treatments were performed in duplicate or trip-

licate.

2.3.5 Disease Assesément
When plants grown in aseptic culture were examfned, individual
root systems were scored 0,1,2,3, or 4 on the basis of the degree of
root discolouraticn, lesion development and extent of killing as
follows:
0 = healthy root system without dﬁsease symptoms
1 = slight diécolouration of roofs confined to lateral root
junctions and/or lateral root tips
2 = isolated lesion formation on tap root and up to 50% dis- .
colouration i
3 = coalescence of lesions with 50-75% discoiouration of tap root
4 = complete discolouration of root system

Foliar symptoms were evaluated similarly:

0 = healthy seedling - no symptoms of disease
1 = chlorosis of first true leaves.
2 = Teaf chlorosis extending half way up the plant
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N

‘chlorosis of all leaf tissue with necrosis of lowermost

leaves

fl

4 = complete necrosis. S
The same evaluation scheme was used for the assessment of foliar
symptoms in seedlings grown in pasteurized soil.

In addition, a disease index was devised éo that the rate of di;ease |
development in lentils could be evaluated graphically (Fig. 13). Using
a modified version of the s&mptom and senility index described by Isaac
and Harrison (1968) and McLean and Walker (1941), root and shoot sys-
tems of aseptically grown seedlings were divided into 4 equal regions
and class values were assigned to each based upon the disease assessment
scheme described above. fhe number of root or shoot segments in each
class was multiplied by its respective class weight, the products then
added, and the total multiplied by 100. This value was divided by.4
(the maximum value of symptoms} times the maximum segment total to yield
the disease index for that segment. The 4 segment indices were then
added and an average disease index calculated for each isolate at four
day intervals. The diseaS% index is therefore a measuré which expresses

both the percentage and degree of infection {McLean and Walker, 1941).

2.3.6 Reisolations From Diseased Plants

Twenty-one days following inoculation, plants were removed from
the growth medium and four segments were removed, 0.5 cm in length,
beginning with the tip of the tap root and extending upwards to the
shoot apex (Fig. 5).\ The excised pieces of tissue were then surface-
sterilized by immersion in a 0.6% solution of sodium hypochlorite for
1 minute prior to three 10 min rinses in sterile distilled water.

The centre 2 mm of elch segment was cut-out and plated onto PSA in

L'
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Figure 5. “ Drawing of a lentil seedling showing the sites
selected for the reisolation of fungal pathogens from diseased

seedlings: A - tap root apex; B - hypocotyl; C - lower stem;

/— shoot apex.
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Petri dishes. The dishe_s were incubated in a§ 22°C room under Ffluo-
rescent iiluminatioh (10,760 1ux). After 4 days, the plates were
examined and monospore cultures were prepared for identification pur-

poses, as previously described (Sec. 2.2.3).

2.4 EFFECT OF Fusarium oxysporum CULTURE FILTRATES ON SEEDLING GEONTH

Filtered extracts from many fungal cultures have been shown tﬁ be
jmportant in disease development, (Pring1e and Scheffer, 1964). Pre-
‘Timinary tests with 4- and 12-day old culture filtrates of Fusarium
oxysporum Isolate 82A were collected to determine the role of e*tra—
cellular metabolites on symptom eibression. Erlenmeyér f]asks, egch
containing 250 ml of Czapek - Dox l{quid medium (Tuite, 1969) weré
inoculated with a spore suspension prepared from a 1 week-o0ld mono-
conidial culture of isoiate 82A. The flasks were incubatedfor either
4 or 12 days on a gyrorotary water bath shaker (120 rpm)-at 26°C. |
Culture filtrates were harvested by passing them through 2 layers of
cheesecioth to remer the mycelial mass priqr to filtration through’

- Whatman No. 3 filter péper. The extfact was then Millipore-filtered
(0.22 um) and passed through a 0.20 pm‘Nalgene-Filter Unit to render
it aseptic. The sterile filtrate wag,transferrea to sterile Erlenmeyer
flasks and stored at 5°C-until usé. - |

Sterile lentil seedlings with a radicle lenéfh of 4 cm were g?own
for 1 week in the undiluted filtrate and in a series of dilutions
ranging from 1:1 - 1:100 in sterile distilled water. The experimental
set-up is shown in figure 6. Disposable 25 ml scintillation vials

were wrapped with aluminum foil and autociaved at 121°C for 20 minutes.

Seedlings were positioned in 20 ml of the appropriately diluted extract



Figure 6. Vial used to study the effect of culture filtrates
on lentil seedTﬁngs. Disposable 25 m1 scintillation vials were wrapped
in aluminum foil and sterilized. Aseptically grown seedlings were

positioned in 20 m1 of the treatment solution.



FIG 6
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(treated p]antsl.or in sterile dist%i]ed water (control plants),

Each treatment was replicated 4 timesﬁin a completely randomized
experimental design and all experiments were performed in duplicate.
Seedlings were incubated for 7 days in a growth chamber with day/
night témperatures of 22 and 16°C, respectively. I11umination.was
providedsby incandescent bulbs {40 w) and by cool-white fluorescent
tubes (5,380 lux). .Tﬁé phatoperiod was 18 h.

Following the 7 day incubation period, the seedlings were examined

and observations fécorded on tap root length, the presence or absence
of secondary roots and the numberlof dead seedtings. In addition,
root discolouration and foliar chlorosis were scored 0,1,2,3, or 4 on
the basis of disco]buratign or chlorosis of 0, 1-25, 26-50, 51-75,

and 76-100%, of the tissues, respectiVe]y.'

2.5 SCREENING FOR THE PRESENCE QF Fusarium oxysporum AS A SEED-BORNE
INOCULUM SOURCE

In many e;onomica11y important crops seed-borne inocu]um'may serve
as an important source to initiate primary infections and to introduce
the pathogen into new areas { Nath, et al., 1970). In order ﬁo
ihvestigate,this possibility, seed from the varieties laird, Eston,
Commercial Chilean, and P.I. 179313 were screened for the presence
of funga1‘contaminants. A1l seed was surfacé-sterilized as previously

.. described (Sec. 2.3.2) and germinated on PSA, ma1§£ext9act-agar and on
V-8 juice-agar, (Tuite, 1969). One hundred seeds.of each variety were
plated on each culture medium. After 7 days of incuB;fTBn ét 22%
uﬁder cool-white f]uorescent 111umination (10,760 Tux), observations

on the éoﬁtaminating fungi were made initially under the stereoscopic

(_~
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microscope and then subsequently under the compound-mﬁcroscbpe} Iden-

tification of the seed-borne fungi was determined as described earlier

% (Sec, 2.2.3).

2.6 CYTOLOGY OF LENTIL ROOTS INFECTED WITH Fusarium oxysporum

2.6.1 Inoculum Source

In all experiments, one week-old 'wild-type' monoconidial cul-

tures of Fusarium oxysporum, Isolate B24, grown'dn PSA were used as

the inoculum source. Cultures were incubated under continuous fluores-
cent jllumination with a light 1ntensity'of 10,760 Tux at p1ate level,
in a room-maintained.at 22°¢C. Agar plugs, 3 mm in diameter, were
removed from the growing edge of the colonies for use in the‘cyto—

Togical studies.
2.6.2 Plant Material

'Green’ 1entfﬁ seeds (var. Laird) free from surface imperfections

‘wefe surfac%fdisinfected and germinated on 2% water agar, in darkness,
at 22°%C. Two day-old seedlings were examined with a stereoscopic
microscope and those with a uniformly appearing tap root without

fungal contamination were selected for use.
Ia

2.6.3 Inoculation Techniques

13
.\‘I:

Se]ected.seedlings were transferred aseptically to 2% watér agar

~in 9 cm plastic Petri dishes from which\three 5 mm discs of agar had

previously been removed with a cork borer. The seedlings were posi-
tioned with the cotyledons 1ﬁ the holes created in the agar and thé

tap root on the agar surface. To secure the seedlings in this

A,
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~ position, 1-2 drops of a slight1y.warm 2% agar solution were dispensed
into the wells, around the cotyledons. Three such seedlings were
\estéb]ished per plate as is shown in figuré 7. An agar plug con-
taining the actively growing fungus Qas placed alongside the root,
at the zone of elongation. Check seedlingg were inoculated with an
agar disc from a non-inoculated PSA plate. Four dishes containing
inoculated seed1ings-were secured with a rubber band and incubated,
on‘edge, with the roots directed downwards, 30 cm below continuous

'6601;wh1ﬁe fluorescent illumination (2,800 lux). Seedlings were in-

~ .
—

cubated for 2,4,8,16,24,48 and 72 hours following inoculation. -

2.6.4 Sectioning 0f Fresh Material

Following the appropriate periods of jncubation, roots wereuhar—
vested and transvéfse free-hand secticns approximately 10-50 wm in
thickness were cut using Gillette Blue blades. The razor blades were
first cleaned in acetone to remove surface film and then moistened

with distilled water, prior to use.
2.6.5 Fixation and Embedding Procedures

Root tissue, adjacent ta the inoculum zone was cut into 5 mm
pieces and fixed in formalin-acetic acid-alcohol (FAA} for at least
24 h at 590, {Johansen, 1940). The fixed specimens were washed in
50% ethanol and then in 70% ethanol prior to hand-sectioning.
Alternatively, sections of root, 2-4 mm in length were cut into’
0.1 M sodium cacbdy1ate buffer at pH 7.2 and then fixed for 1 h in a
cacodylate-buffered mixture of 2% g1utgraldehyde and 4% acrolein.
> The fixative was removed with three changes of buffer, until no alde-

hyde fumes could be detected. Root pieces were placed first under



Figure 7. The procedure used to inoculate asebtical]y grown —~—
~Tlentil seéd]ings for the cytological studieE.%‘A 5 mm diametef plug
from 1 week-old fungal cultures was placed on the root at the zone

of elongation.



FIG 7
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Tow vacuum on a water aspirator and then onto a high vacuum apparatus
(.1 mu Hg) for 1% hours to eliminate air from tissues., Roots were

post-fixed in 2% osmium tetroxide in cacodylate buffer for 1 h and

‘washed three times in the same buffeéégolution. Specimens were de-

hydrated through a graded ethanol series and then in a graded series
of ethanol/propylene oxide to pure proﬁyleng oxide, A1l solutions
used in the fixation and subsequent dehyqration procedures were main-
tained at I-4°C. Root segments in propylene oxide were brought to
room temperature and this solution was replaced with a 50% mixture of
Epon 812 resin (5.5 parts Mixture A: 4.5 parfs Mixture B; Luft, 19671)
in propylene oxide. The propylene oxide was evaporated sTowly over a
24-h perioq after which time the Epon remaining was replaced with
fresh.uﬁdi1uted resin. Two changes of ;ésin werg‘made daily ddring
the three day infiltration period. After infiltration, the specimens
were oriented with thg longitudinal a*is of the root perpendicular to
the cutting edge 1n.Beem capsules (size 00; J.B. EM Services Inc.,
Dorvé], Quebec) and polymerized in an oven af 35,50,65 and 75°C, on

successive days.

2.6.6 Sectioning Of Embedded Material

-

Sections 1.5 - 10 um in thickness were cut with glass knives
mounted on a Reichert Om U2 ultramicrotome. The sections were floated
off onto Millipore-filtered (0.22 um) water and transferred to water
droplets -on acid-washed glass slides. Excess 1iquid was drained off
and the slide placed on‘a 60°C warming plate. Sections handled in

this fashion were in serial order and adhered to the slide without

adhesive. They were observed unstained or after appropriate staining.

vl
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2.6.7 Staining Procedures

Hand—sectioﬁs were stained in 0.05% Toluidine Blue O in benzoate
buffer at pH 4.4 for 30 seconds, washed briefly with distilled water
and mounted in either 15% ine or inwclear lactophenol. Epon
embedded sections were stained for minutes on an 80°C wérming tray
in 0.1% Toluidine Blue 0 in sodiumCacodylate buffer at pH 9.0. Siides
so stained were rinsed in diéti11e ater for 1 min, dried on the

wafming tray, and mounted in immersion oil.
2.6.8 Microscopy And Photomicrography

A1l material was examined using a Reicherf microscope equipped
with both bright-field and phase contrast optics. Biack and white
and colour photomicrographs were recorded on Kodgk Plus X Pan and

high sﬁeed Ektachrome film, respectively. l

2.7 FIELD EXPERIMENTS

Experiments were designed and plantings made on two fields at the
Central Experimental Farm, Agriculture Canada, Ottaﬁa,'fn 1980. The
general climate of this area is warm and humid with mean Kigh and Tow
atmospheric temperatures during the growing season of 24 and 11°C,
respectively, and an average precipitation of 81 mm (for a more de-

_tailed weather summary, refer to the Appendig, Table 1).

One field (Merivale) was situated on land assigned to the Plant
Products and Quarantine Division, Agriculture Canada; The previous
cropping history of the Merivele Field included the cultivation of

/’Ténti1s‘as well as variouslother leguminous crops during the 1979

growing season. In 1978, this area lay fallow. A second field
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(Neatby) was located adjacent to the K.W, Neathy Building; on land
.allocated to fhe Ottawa ﬁesearch Station, Agriculture Canada. 'During
the previous. two growing seasons, the Neatby plot was left uncultivated.
Both locations were ploughed to a depth of 25 cm in the fall of
1979 aﬁd in the following sprihg the seedbed was disc-hafrowed twice,

and levelled.

* Six randomly-selected soil samples were extracted from each field
with a standard soil samplin¢ tube, sealed in plastic bags and mai];d
to the Oﬁtario Ministry of Agriculture and food Soil Testing Labora-
tory, at the University of Guelph, Gu&lph, Ontario, for mineral ana-

lysis. The results from this analysis are summarized in the Appendix °

(Table 2).
2.7.1 Seeding Techniques

Except where indicated, the large-seeded lentil variety, Laird,
was selected, és previously described (Sec. 2.3.1) for use in a11',
field studies.

Seeds were sown by hand to a depth_of 3 cm, usihg a seeding rate
Bf about .40 seeds per p, in rows 30 cm apart. Each réw constituted Lo
a replication and all treatments were replicated six times in a com-
pletely randomized design. Each treatment row was surrounded by a

border row of untreated Laird seed.

2.7.2 Harvesting

Lentils were harvested for yield determination approximately three
months after sowing, when the earliest-formed: pods were yellow. The
lentil swaths were packed into cotton gunnysacks and dried in a

forced-air grain dryer at 37°C for four days prior to storage in a
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room exposed to the external environment for-1-2 weeks. The‘dried
plants were threshed in a Almaco plot thresher (Allan Machine Co.)
.and.thé chaff separated from the seed by use of an air-column seed
f]eaner designed and manufactured by the Engineering and Statistical
Research Institute, Agriculture Canada. Yield from\each plot was
estimated by weighing the recovered seed. Data were interpreted by

an analysis of variance and s1gn1f1cance was determined by Duncan's

New multiple range test (Na]]er and Duncan .1968).

2.7.3 Evaluation Of Benomyl Seed And Soil Treatments For The Control
0f Fusarium Root And Collar Rot

On the Merivale plot, an experiment‘Was desfgnéd to investigate
the effects of benomyl (Benlate) (methyl 1;(buty1carbamoy1)-2— |
benzimidazole carbamate), a systemic fungicide, on disease control

and seed yield in lentils. The treatments incorporated in this

experiment were:

A - check

B - benomyl treated seed

C - benomyl soil treatment

D - benomyl seed and soil treatment

Laird Tentil seeds were divided into replicate lots of 200 and
‘placed into 8 x 12 cﬁ man{1a envelopesi Thirty milligrams of-Benlate
50 W.P. (dURont) at a rate equivalent to 1.0 g active ingredient (a.i.)
per kg seed was added to randomly selected envelopes receiving the
seed treatment.” Following the qddition of the fungicide, the enve-
Topes were sealed and shaken to uni%orm]y coat the seeds; For
treatments C and D, 5.2 g (21.5 kg/ha) of Benlate was suspended in

21 of d1st111ed water and applied to each row at the time of seeding.
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This rate of application was calculated based upon inyestigations hy -
Shatla et al. {1975) on the chemical control of lentil root rot in
Egypf. They observed that benomy1 when applied at the rate of .
gikg/feddan resulted in 69% disease control over untreated check
plots. Treatment rows sown 6n May 14 were 4 m in length and this
trial was repeated on June 4. P1aht stands were determined 1,2,3,4 .
and 6 weeks after planting. The central 100 plants from eacﬁ plot
~were selected for harvest on August 12 for the first planting and on

September- 2 for the second planting.

2.7.4° The Effect Of Benomyl Seed Treatment On Emergence, Rhizobium
Nodulation And Yield Of Lentils

This experiment was conducteq on the Neatby field and it was de-
signed to determine the effects of benomyl on the rate of Seed1inj '
emefgencg, root nodulation and seed yield of lentils. Treatmenfg in \"‘\
this experiment consisted of {A) an untreated check; (B) seedlings

inoculated with Rhizobium leguminosarum; (C) seed treated with benomyl;

and (D) seed treatment and Rhizobium inoculation. Seed was selected
and treated with the fungicide, as described above and sown in plots

4 m<in length on Mayl13.

\ Czapek-Dox 1iquid medium (150 m1) was inoculated with 14 g of a

commercial preparation of Rhizobium Jeguminosarum 'c’ (Nitragin Co.)
and incubated ét 259¢. Forty-eight hours later this was used to
inoculate an additional 900 ml of the mediumwhich was incubated on a
Irotary shaker (100 rpm) set at 31°C for 72 h. Following incubation
the culture was filtered through 2 layers of cheesecloth prior to

+*
centrifugation in a Sorvall refrigerated centrifuge (10 min at 4000 rpm).
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The‘§e11ét was washedlthree times in distilled-water to remove resi-
dual nutfient medium and then resuspended in 500 ml of distilled water.
Treatments received 10 ml of the concentrated culture in 1L of dis-
tilied water, 2 weeks after p]angind. Treatments A and C reqeived
1 L of distilled water without the added Rhizobium. A1l treatments
received an additional 1 L to facilitate penetration of the bacteria
inté the soil. This trial was repeated on June 5 and ;eédling
emergence data was est#mated 6 weeks after planting. One week prior
to hijLESt' 2 plants were removed from each treatment and the number
of nodules on each root system recorded. These were oven-dried at
40°C for 4 days and then wejghed. Nodulation data Was expressed in
terms of number of npdu]es per g dry weight of roots. The central
100 plants from each pﬁanting date were se1ec§ed for yield éstimation

on August 13 for the early seeding and on September 3 for the later

planting.

‘2.7.5 Evaluation Of Benbmyl, PCNB, And Zineb Seed Treatment On Emergence
' . And Seed Yield Of Four Lentil Cultivars _ _
The three fungikides selected fof use in these field studies
were applied as powders at the rate of 1 g a.i. per kg seed. These
were applied 24 hours prior to seeding to 6 replicates of 50 seeds
of 4 different varieties (Laird, Commercial Chilean, Eston and
P.1. ]79313),'using the method previously described (Sec. 2.7.3).
The chemicals chosen for use were Benlate (duPont) 50 W.P.; Parzate

Zineb {duPont) 75% W.P.; and Quintozehe (Plantco) 75% W.P. Plots were

seeded on the Neatby field on May 23 in rows 1 m in length. Seedling
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emergence counts were made 1,2,3 and 4 weeks following planning and
on August 16, all plants in each p]of were harvested for yield

determination. - - ‘

2.7.6 Varietal Trials ’\J - :
This experiment was perfdrmed to teEt the degrée‘of field resistance
in some lentil varieties and the effect of seed coat charactgrist}cs
on seedling emergence and y%eld. The varieties_used in these studies
were the same as those used in the fungicide experiment. - Seeds of °

each variety were subdivided into six replicate lots of ‘50 seeds

each of green, yellow and except for Laird mottled seedcoats. In the

Laird variety, of the seedcoat is uncommon but a large pro-

portio sesses cracks in the;thin testa; therefore, seeée'with
crack®l tasta were selected instead. The seeds for s experipent
Qere sown on June 5 on the Merivale field at a rate of 50 seeds/m and
seedling emergence data was co]]eFfEE 1,2,3 and 4 weeks after planting.
On September 3, a}l'plants in eacﬁ plot were harvested for yield

determination expressed as seed weight/50 plants.



EXPERIMENTAL RESULTS

3.1 TSOLATIONS FROM FIELD-GROWN LENTILS

v

Diseased Tentil seedlings were collected fyom a plot on the Experi;
mental Farm in the summer of 1979 and preliminéry examination of the
fungi recovered from the sﬁrface-disinfected plants suggested that
they were all Fusarium spp. Subsequently, using Béoth’s (1971)

L e

growth rates and morphological criteria the isolates were identified

- f, equiseti, F. oxysporum, and_E. solani. F. Eggiseti and.E. ’ E\;
oxysporum were the mos%'common fungi isolated from the diseased
Tentils. These resulits in addition to the observations made by Mr;
J. Sheppard, Laboratory Servicés Division; Agriculture Canada
(personal communication), indicated that the pathogen(s) ‘responsible
for the disease symptoms observed infthe field were probably members -
of the genus Fusarium. In ;rder to investigéte this possibility %ur—

‘ther, soil from the diseased field plot was sampled to provide'a

source of mycoflora.

3.2 ISCLATIONS FROM FIELD SOILS

'3.2.1 Fungi Recovered From Soil Dilution Plates

From the soil dilution plates, 15 different fungal isolates were
recovered, 10 of which were Fusarium spp. based upon Booth's cri-

teria (Tables 1 and 2). Four of the isolates were identified as

50
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Table 1, Grouth Rates and Morphological Characteristics of Fi sar'tum
- .§pp. Recovered . From entil~Sown Fleld Sofil —

. Iso1ate_ Growth SubstrateBc -~ Colour of Nature of
' Ratel Pigmentation Myce11um . fAerial
(em) : _ Mycelium
F. oxysporum  *© . _
184 4.5 Vinaceous Purple’Salmon  white*pink cottgnﬁa '
43C 5.2 Vinaceous Purple*Buff whiterpink - cottony 5
824 3.6 Vinaceous Purple*Buff ' white+purple felted
117A 6.0 Vinaceous Purple*Saffron pinkswhite felted
F.- solani ' S , -
. - ) P
) _ 1Al 3.6 Honey white g floccose
j “8A3 4.3 .- Hgnéy o white _ floccose
1964 4.0 . . Buff . white floccose
8 F. equiseti 7 -t ‘
) ° - L - . . A ‘
1ct 4.3 . Salmon - pink - felted
1281 4.6 - Salmon ' pink - felted
: ' 3
o F. melanochlorum ' D

17D " 1.0 0livaceous Buff o white , flo e

-

Amean coTony diameter of eight moncconidial co1on1es incubated for
"~ 96 hours. '
"bcolours detérmined by comparisoh with Rayner's (1970)'myco1091ca1
colour chart. '

€(+) indicates change in pigmentation’ from colony centre to co]apy
edge : .

©
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Table 2, Size and Septation of Conidia and the Presence or Absence
of Chlamydospares in the Culture of Fusarium spp. Recover‘ed
from Lentil-Sown Fleld Soil ,

Tsolate mcrocon‘ldfa Macroconidia?

17D - -

.
——

(44-65x4-8)

_ Ch1amydospores '
. STze Tn pum Septation STze in um Septation Present (+)
Aranges] (ranges) or Absent (-)
: l‘e'? 7. - i
B F. oxysporum:
i 184 . 6.5x1.9 ° 0 36.5x3.6 +
(4-13x1-4) (25-46%3-5)
43¢ . 7.7x5.1 ' 0 - 35.7x2.8 +
(4-15x1-6) o (25-51x2-5) | L
82  3.9x3.3 0 30.2x4.5 O\ + S
(3-14x3-4) (22-37x4-8) ’
M7 10.2x2.8 O 34.4x4.5 S |
(4-15x3-4) (19-51x4-6)
F. solani ‘ |
I N
1A1 8.8x2.4 0 46,0x4.5 -
(2-14%2-3) . (38-56x3-6) .
8A3 10.6x3.8 0 33.2x7.7 -
- (8-14x3-6) (20-42x6-9) .
- 1964 18.4x3.2 R 43.8x5.3 -
(17-20x3-5) 1 (33-52x4-5)
. - E equiseti |
\ ;
1¥CT - - 24.7x4 .4 +
{/’ - (16-28x4-5) '
" 1281 - - 12.7x4.3 +
o S (15-25x3-5)
F. melanochlorum ' \\
53, 6x5.7 -

dmeans of 100 observations.

/

7

-/'
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Fusarium oxysborum Schlecht., three as F. solani (Mart.) Sacc., two

as F. equiseti (Corda) Sacc., and one as F. melanochlorum (pa;p.)

Sacc. Other fungi isolated from the soil included Acremonium strictum

W. Gams, an unidentified Acremonium sp., Microdochium bolleyi

L3

(Sprague) de Hoog &_Hermanide;;sﬁjhof, as well as unidentified species

of Alternaria Nees, and\Cylin ocarpon Wollenw. The non-fusarial
jsolates were much less common on the soil dilution plates than were
‘the Fusarium spp. and identification of these fungi was completed by

the Biosystematics Research Institute, Agriculture Canada.

3.2.2 Inoculum Density

' Inoculgm density waé determined by multiplying the average number
of colonies of Fusarium spp. per dilution plate by.the dilution factor
to obtain the total count per gram of the initial soil sampfe. This
number was then divided by the grams of dry matter per gram of moist
soil. The dry matter content of the soil was estimMated as 0.8.9.

The results }ndicated fhat'the lTevels of the Fusarium population in
oven-dry soil ranged from 16b—2,000 propagules/g with a mean count of
930, and, of these, 330 were identified.as propagules of_E; 0Xy§ porum
IsoTate 82A. On a tyQi€a1 soif dilution plate 7 days after incubation
Isolate 82A could reaéily be distinguished .on the basis of differences
'in.cq1cny morpho]ogy such as the regular nature of the colony border,
the abundance of macroconidia at the colony edge, the radial appearance
of the aerial mycelium, and the presence of a.pufp1e discolouration of

the substrate at the colony centre. Soil samples extracted from a non-

cultivated area adjacent to the Tentil field had a Fusarium population
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‘estimated to be about 765 propagules/g dA{ soil and the density of
Isolate 82A'was 112 propagd1és/g. _ |

3.3 ASSESSMENT QF SEED SUﬁFACE_DISfNFECTION PROCEDURES

-

Table 3 1ists the resu]ts'bbtained with igrious surface-sterilization
treatments on “Laird; lentil seed. -Germination of untreated seed
plated directly onto water-agar was 99%.and germination of seed hyd- -
'ﬁatgg before plating was 98%. Imbibjng the-seed prior to plating re-
sulted in a 50¢ reduction in the numbers of contaminated Seed (Table 3).
The treatment selected for use throughout this study involved the dis-
infectiog of imbibed seed in sodium h}poch1orite. These seeds ;ere
essentially disease-free and[had a high rate of germination with
vigorous, relatively straight growth of the radicle. 'A]tﬁough no
contaminants were recovered fnom'seeﬁ treated with forma1dehyde;
germ%natiéﬁ was reduced to 50%. The emerging radicle coiled as it
elongated and frequently it was discoloured and constricted in the 3
vicinity oflthe root apex. This abnormal growth was also observed with
seeds exposed to an atmosphere of either propylene oxide or gaseous
formaldehyde, but germiaﬁtion in-both of these cases, was unaffected.
Hydrogen peroxide, mercu;ic‘ch1oride and sulphuric acid did not sub-
stantially reduce the percentage of contamination but'the numbers of

germinrated seed was reduced by the latter two chymicals.

3.4 PATHOGENICITY TESTS ON LENTILS GROWN IN ASEPTIC CULTURE

The following descriptions of disease symptoms induced in lenttl

seed1ings by the field isolates were compiled from observations on
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{nfected plants grown in aseptic culture, After the 21-day incubation
pefiod. retsolations were made from each seedling ysing surface-

sterilized plant material excised from four portions of the plant in

accordance with figure 5 (Sec. 2.3.6).

3.4.1 Fusarium oxysporum, Isp1ate 82A

Initial disease symptoms produced by this isolate were usually.
observed within 48 h following inoculation. The first distinguishable
symptoms appeared as rings of discoloured tissue at the sites of emer-
gence of onér lateral roots and as mycelial development on the hypocotyl
and cotyledons. Hyphal preliferation continued to develop on these
structures and after 4 days the trangitionaI zone was completely
covered with mycelial growth. Tissues'beneath the mycelium exhibited a
brown soft rot especially on the h&pocoty]. The root system of many
infected plants was noticeably reduced when comparga with non-inoculated
seedlings and foliar symptoms, comprising a yellowing of the lowermost
Teaflets, appeared. After 5 days in.culture, tissue discolouration at
lateral root junctions had spread throughout the root zone and chlorosis
had progressed acropetally frdm the lTowermost leaflets, followed
rapidly by necrosis. Frequently, the fungus was observed to sporuiate
on the ;tem axis, at soil level, just.above the point of aftachment of

. the cotyledons. Seedling death often occurred as early as 6 days after

inoculation as evidenced by killing of the tap root and complete necrosis

of stem and leaves (Fig. 8, 9-B and 10-B). Extensive disintegration
of uﬁé root in which the cortical tissues were readily detachable from
the stele, was frequently observed aﬁ was the premature fall of the

necrotic leaves, resulting in defoliation of the lower portion of the
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‘Figure 8. Control seedling (left) and one inoculated with a

spore suspénsion*of f} oxysporum, Isolate 82A (right}. Note aerial

hyphae (*) on -stem and discolouration of roots (+)} on insert.
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Figure 9. Symptoms produced on lentil segglings, 21 days
following inoculation with the most virulent isolates of F. oxysparum,

F. solani, and F. equiseti.

A. Control

B. F. oxysporum, ISotate 82A

e
I

solani, Isolate 196A

D. F. equiseti; Isolate 11C1.



FiG.9

@as



.'!
Figure 10. Symptoms produced on lentil roots, 21 days

following inoculation with the most virulent isolates of

F. oxysporum, F. solani, and F. equiseti,

A. Non-inoculated check

B. F. oxysporum, Isolate 82A

o)
Im

solani, Isolate 196A; note brown soft rot (*)

D. F. equiseti, Isolate 11CT; note small necrotic lesion ().
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stem. At the. termination of the experiment, Isolate 82A could con-

sistently be recovered from all portions of severely diseased plants,

3.4.2 F. oxysporum; Isolate 43C

Within 4 days of inoculation, areas of discolouration were observed
on older portions of the tap root and often at Tateral root junctions,.

Also, there was extensive mycelial proliferajion on” the seed coat and

along the root-shoot axis. After ¥ “week, discolouration at the sites

of emergence of the lateral roote was evident throughout the root zone
ana in addition, some lateral root apices became brown. Chlorosis,
a1fhough initially confined to the lowermost jeaflets was later obéerved
to progress in-an acropétal direction until at the conclusion of the
experiment, at 21 days, the terminal leaflet was chlorotic and leaf
tissue at the base of the stem had necrosed. Reisolation of this fungus

was possible from the tap root apex, hypocotyl and lower stem.

3.4.3 F. oxxsgorum,‘fsolate 117A

Sparse mycelial development on the hypocotyl and on the seedcoat
was first observed 1 week after inoculation. Also, at this time, zones
of discolouration at older lateral root junctions were visible. Chlo-
rosis was restricted to the lowermost leaflets. Towafds the completion
of the experiment, there was_én increésing-amount of fungal pko1iferation
although it was confined tp the area'just above and below the point of
attachment of the cotyiedons. Only isolated lesions were visible on
the tap root and in most seedlings these were restricted to areas of

lateral root attachment. Chlorosis spread acropetally .until all leaf
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tissue became chlorotic and in addition, the lowermost leaflets became
necrotic. This isolate was recovered from tissue pieces removed from
the hypototy1 and -lower stem, and in the case of one severely diseased

plant, also from the shoot apex.

. 3.4,4 F. oxysporum, Isolate 1B4

~ The first observable symptoms, visible 1 week fo]iowing‘inoculation,

were Timiteq to discoléuration of the hypocotyl and the proximal por-

~ tions of the adventitious roots which emerged from it. More specifi-
cally, the tissue darkening was confined to the sites of emergence
_of these roots and occasionally to their apices. Within 2 weeks,
mycelial development on and about tﬁe point of attachment of the coty-
Tedons was observed as was ihitiél,sporulation of the fungus on the
seedcoat. Chlorosis of the leaf tissue was restricted to the lower
han of the plant and throughodt the expe}iment the tap root and distal
portions 6f the‘secondary roots remained disease-free, This isolate

-

was recoverable only from tissue excised from the hypocotyl and lower

stem,

L

3.4.5 F. so]agi, Isolate T96A

Fo1}owing 3 days of incubation;.tissue discolouration was observed
at the apices of most secondary roots. Mycelial devejopment, if present,
was sparse and restricted to the seedcoat. As the infection progressed,

« discolouration of the foot system became more pronounced and at the end
of 9 days, a brown soft rot on the distal portions of the secondary
roots was visible (Fig. 9-C and 10-C). In addition, dark;brown-to-b1ack

~lesions formed at the sites of emergence of younger lateral roots,

&
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while older portions remained essentially disease-free. The leaf -
tissue became progressfve1y chlorotic and at 2 weeks fo11ow1ng 1noc-
u1at10n the sha’p’+ 1n severely ‘diseased plants was completely chlorotic
with necrosis of the 1owermost }eaflets. Usually stunting<occurred
before ch1orosis and necrosis but often this symptom d1d not appéar

in m11d1y deeased plants “At the end of the 21 -day incubation. period

this isolate was recpvered from all: portions of severely diseased pTants

3.4.6 F. soldni, Isolate 1A - ‘ ' N

. Initial stgns of infection involved the appearance of fungal
mycel fum on the ;eagcoat and along the- hypocotyl Within 9 days, a .
brown d1sco1ourat1on of the tissues at’ 1atera1 root Junctions and tips
" was vis1h1e and as—the seed]ings matured -these. areas turned a dark
brown and eventually coalesced to form large lesions on older portions
of thearept'system A1thouah the seea11ngs became progréssively chlo-“
rot1c, necros1s was confined to the lowermost 1eaf1ets This tungus

was recovered from. the tap root apex, hypocoty] and the lower portion
of the stem. » ‘ y ‘
‘3,4.7 ’F solani, Isolate 8A3. (' | ) ‘ ':4' | o
‘ Sparse hypha] development Was eV1dent on the seedcoat 3 days after
1nocu1at1on 1In add1t1on, there were signs of d1scoTourat1on at the
sites of .emergence of the 1atera1 roots and at the 1atera1 ‘root t1ps
T1:sue browning rema1ned conf1ned to these areas dur1ng the duration |
of the e;per1ment and further symptom deve]opment was restricted to ..
" the appearance of a chlorosis of the 1owermost 1eaf1ets This 3so1ate

was. found only in. tissue removed from the tap root apex and from the

“hybocotyl. -,

. _;,'5?\'
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3.4.8 F, equiseti, IsnlateS_kiC1 and 1281 o *

Within 2 days of inocuiatyon, mycelial deveiopment was evident on

tﬁe'rodt-stem'axfs at tha point of attachmenrt of the coty1edons. At

5 days, there was a chlorosis of the lowermost Teaflets. Further

‘ ’symptom development was restricted to an increase in mycelial growth

- and the progressfve'increase acropetally in the number of chlorotic

leaflets (F1g 9-N and 10 D) In some seedfings, the terminal leaf--

'1et begame ch]orot1c and there was necrosis of the Tewermost leaflets.

Throughout the exper1ment the root systems of seedlings inoculated

with Isolate 1281-rema1ned free of discolouration whereas those in-

L]

fected with Iso]ate 11C1 occasionally developed small lesions on the
secondary roots. Both of these isolates were recovered from t1ssues

removed from the hypocotyl 1qwer stem and shqot apex.

L

- -

3.4.9 F. melanochiorum, Isolate 17D

£,

The initial disease symptoms observed 6 days after incculation
v : i L
included a slight disco1ouration at the 1atera1 root junctions and
sparse mycelial development on the seedcoat. Two days later, there

was an increase in hypha1 mass but it rema1ned confined to. the seed-

.cpat. After 11 days in-culture, there were signs of chlorosis at

the lowermost leaflets and just prior‘to the(fermfnation of the:exﬁ
periment; the ch1orosis spread‘upward to incTude leaflets at nodes
3,4, and 5. "No further 1es1on deve1opment was observed on QQf root
system (Fig. 11 B and 12 B}, This Fusarium species.was recovered from

the fgp root apex and the hypocotyl. 13




Figure 11. Symptoms produced on lentil seedlings, 21 days

following inoculation with Fusarium'mé1anoch1orum, Microdochium

bo11ezi{ and Acremonium strictum. o o

A. Non-inoculated checg _‘ - f-

B. F. melanochlorum, Isolate 1?D‘ *

C. M. bolleyi, Isolate 89A

D. IA. stri;tum, Isolate 38B.

. o)
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Figure 12. Symptoms produced on lentil roots, 21 days

following inoculation with Fusarium melanochlorum, Microdochium

bolleyi, and Acremonium strictum.

¥

A. MNoncinoculated check

(we)
-

F. ﬁe1anoch}orum, Isolate 17D

C. M. bolleyi, Isolate 89A; note small lesion on

. secondary root (%)

D. A. strictum, Isolate 38B; note lesion on older

secondary root {t):
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3.4,10 Microdechium bolleyi, Isolate 89A

- One week following Tnocu1étion. an dveral]‘ch]orosis of some
seedlings was oﬁserved._ Within 2 weeks, many of the leaflets had
humerqus sma11-pfnkish lesionS'giﬁing a mottled appearance to the
leaf tfsgue. FrequentTy, Teaf drop was observed at the Tower nodes

| causing defolfation oé;the lower $tem. Root discolouration was
1imifed to dark brown lesions on the secondary roots (Fig. 11-C and

12-C). This pathogen was successfully reisolated from the hypocotyl

and lower stem.

3.4.11 Acremonium strictum, Isolate 38B and Acremonium sp., Isolate 9C

Lentil seedlings incubated withlthis iso]até for 21 days were
stunfed with é V-shaped chlorosis of the Towermbs; leaflets. Sparse
mycelial development was visible on the seedcoat and rootldisco1oura—
tion‘was‘confined to the appearance of dark brown lesions. on older
secondary roots (Fig. 11-0 and 12-D). This isolate wasrecovered only

< from hypocotyl tissue.

3.4.12 Cylindrocarpon sp., Isolate 76C

No symptoms were observed following 21 days of incubation with

the jsolate and it could not be recovered from inoculated seedlings.

3.4.13 Alternaria sp., Isolate 18D

« No symptoms were observed folleowing 21 days of incubation with

this isolate and it could ndt be recovered from inoculated seedlings.

”,



72

3.4.14 Disease symptom index

Figure 13 is a graphical representation of the onset df disease
symptoms and their rate of progress, The rate of development of sympf
toms varied markediy for the individual {solates; however, there waélé
trend for disease development to reach a maximum within the tﬁent}—one
day"incﬁbation period, The rate of symptom evolvement was greatest
for F. bxysgoéum Isqlate 82A, particularly dﬁring'the initial stages
(Fig. 13-B). Within the incubation period, seedlings infected with
this isolate attained a disease index rating of 94 while the next most
virulent iso]até‘of F. oxysporum, 43C, produced a maximum rating of 52.
Other isolates of F. oxysporum did not vary. substantially from Isolate
43C and these results are compatible with the data listed in Table 4. K

Symptom expression in Tentils jnoculated with Isolate 196A of F.
solani was comparatively moré severe than with Isolates 1Al and 8A3,
although rates of diseasé development were similiar initially with all

'Y three i591ates (Fig. 13-A). ‘

The remaining isolates were less pathogenic than the F. solani or
F. oxysporum isolates. The 2 1561ates of Acremoniuﬁ were only slightly
different in the course of disease deve]bpmenf (Fig. 13-C) and these
results are reflected in Table 4, indicating that perhaps both are
isolates of the same species. E:;s

Isolate 11C1, resulted in a uniform rate of increase in the disease
{ndex (Fig. 13-D) whiéh reached.a maximum value gt 18 days following
inoculation, Isolate 12B1 was somewhat less virh]ent although this was

not evident from Tahle 4.



Figure 13. "The relative infectivity‘?aisease'index)_of

field soil isolates at 4 day intervals following inoculation.

A. Fusarium solani,.Isolates 1A1, 8A3, and 196A.

B. F. oxysporum, Isolates 1B4, 43C, 82A, and 117A.
.C. M. bolleyi, Tsolate 89A and Acremonium Isolates 9C and 38B

D. F. equiseti, Isola
‘Isolate 17D.

s/11C1 angy 12B1 and F. melanochlorum,
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Table 4. Comparative Pathogenicity of Soil-Berne Fungal Isolates
.to lentils, 21 Days Following Inoculation

Isolate Root Disease Foliar Disease Reisolation®
Indexa : IndexP ABCD

Fusarium oxysporum

82A 4 4 + + + o+
43¢ 3 3 + 4+t -
T117A 2 3 -+ + -
184 ) 2 2 -+ + -
Fusarium solani
196A 4 3 / + 4+ + +
TA1 3 3 + 4+ + -
8A3 . 2 2 + 4+ - =
Fusarium equiseti o
11€1 . " 1 ' \ 3 -+ + +
12B1 : 1 3 -+ + +
Fusarium melanochlorum o,
- 17D ' 1 . 2 + - -
Microdechium bolleyi T o )
89A 1 _ ‘ 3 -+ - -
Acremonium strictum |
388 _ 1 2 : .
Acremonium sp. . - o &
9C . ‘ 1T 2 -+ - -
Cylindrocarpon sp. ' ' ' . -
76C" . o 0 s 7' 0 e = -
Alternaria sp. . :
18D ' .0 : 0 m - -
20 = healthy seedlings; 1 = slight discolouration of rcots confined to

Tateral root junctions and/or lateral root tips; 2 = isolated lesions

on tap root with up to 50% discolouration; 3 = coalescence of Tesions
. with 50-75% discolquration of tap root; 4 ='tap root killed. = i
b0 = healthy seedlings; 1 = chlprosis of first true leaves; 2 = leaf
chlorosis extend1ng halfay up the seedling; 3 = chlorosis of A1l leaf
tissue with necrosis of lowermost leaflets; 4 = complete necrosis of ‘the
seedling.

presence (+) or absence (- ) of the fungal isolate in surface-disinfécted
host tissue pieces excised from A - tap root apex; B - hypocotyl C -
Tower stem; and D - shoot apex. '

RV
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3.5 PATHOGENICITY TESTS ON LENTILS GROWN IN PASTEURIZED SOIL

The symptomatology of 1en€i1 plants infected with the field {solates
is described in the'fol1owfng §ections. Only the foliar disedse symp-
toms produced by the most yiﬁh]ent isolate of each species were
assessed, Affer yield dét%iwination; rgiso]ations were madé from each
seedling using surface-disinfected plaht material excised from four
portioné-ef the plant as described in Sec. 2.3.6. Results of.these

tests are summarized in Table 5.

3.5.1 F. xxsporum, Isolate 82A (

In seveﬁé1y 1nfected seed11ngs, this isolate caused a chlorosis
of all leaf t1;§ue within 5 days of 1nocu1at1on. In addition, many
of the younger leaflets were curled inward from the leaf tip or twisted
spirally aboﬁtlthe mid;rib. More typically however, initial disease
symptoms were not observed unti1'19 days following inoculation. The
first sign of infection was a V-shaped chioros;s of the-lowermost
leaflet tips which spread acropetaTTy'to the 1eaves'ha1f way up the X
stem by the end of three weeks. During that period the stems remained
disease-free. The plants were noticeably stun%ed{;ue to a shortening
of the internodes, particularly towards the shoot apex (Fig. 14}, anJ‘
the leaflets were much reduced in size. 'Chlorosis spread up the stem
andléfter 7 yeeks Tgﬁy of‘the plants were completely chlorotic with
necrotic lesions oﬁ the lowermost Teaflets, especially at‘thé leaf
marging, A few plants set seed in pods which initialTy’appeared
hea1tﬁy but Tag;: developed brdwn necrotic lesions. The 'seed recovered

from the pods wjs often considerably reduced in size, paper-thin, and
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Figure 14, S}mptoms produced on lentil seedlings grown in

-

pasteurized soil, 10 days following 1nocu1at16n with  F. oxysporum,
Isolate B2A. S ~
left: non-inoculated checkﬂ. r
right: seedling inoculated with E.foxzsgorﬁm, Isolate 82A;
note the infected seedling is stunted with small

leaflets (4).

"Figure-15. Seed harvested from lentils grq@n in pasteurized

soil. .

top: seed recovered from non-inoculated check plants

bottom: seed recovered from- plants inoculated with i},,x' -

oxysporum, Isolate 82A.
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Pathogen1c1ty~of Sail-Borne Funga] Isolates to Lent11s

Growh in Pasteurized Soil and their Refsolatlon frof

D1seaseqTRost Tissues

-\_.__--"“_.—- . ‘
Pathogen ‘ Foliar Diseasel -Yield2 'Shoot? Reisolation*
‘ | : Index (grams) Length (cm}” AB CD
* Non-1noculated Control 0 1.93? 64.4ad - -
F. oxysporim, Psolate 82A 3 0.05° 4255 g4
~ F. solani; isolate 1968 © 2 0.68° . 39.8° -+ =T
¢
._E;VmeIanth1orum, 1s$;gte 5 0‘7]cd 57.4bd g
" F. equiseti, isolate 11C1 U 1.568 5612 4o .
A. strictum, isolate 388 1 1.63%7 5943 _ 4.
M. bolleyi, isolate 89A 1 1.697 s, 3de P
10 = healthy plants; 1 = chlorosis of first true Teaves; 2 = leaf

chlorosis extending half-way up the plant; 3 = chlorosis of all leaf '
tissue with necros1s of lTowermest Teaflets; 4 = complete necros1s of

the plant.

2 average weight of seeds harvested from 6 plants; means followed by a
common. Tetter within a column are not significantly different
(P = 0.05) according to Duncan's New Multiple Range Test.

3

average of 6 plants; means followed by a common 1etter within a column
are not significantly different (P =

Multiple Range Test.

0,05) according.to Duncan's New

presence(+) or absence (-) of the fungus in surface-disinfected host
tissue pieces excised from A - tap root apex, B - hypocoty]

stem; and D - shoot apex.

C - Tower
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dark%brbwn (Fig. 18), Seed yield from {noculated lentil pIants.was
0.05 g/p]ant as compared with a yield Bf 1.93 g/plant from non—inocu]ateJ :
control plants (TAb]é 5). Isolate 82A was reisolated from the tap root |
apex, hypocotyl, and lower stem of all diseased plants and, in addition,

from the shoot apex of sevérely stunted plants.

| s | o
- 3.5.2 F. solani, Isolate 196A

Within 2 yéeks of inoculation the leaves on the lower half of the
seedlings became chlorotic. Four weeks 1ater,lthe chloretic leaves
- were shrive]leﬁ and the plants severely stunted. Only a few of the
" infected plénté flowered and seed yi;1d was 0.68.g/p1ant. ‘fhis isolate

was’ recovered only from the hypocotyl and lower stem tissues.

3.5.3 F. melanochlorum, Isolate 17D

A chlorosis of the‘oldestrtrue leaves and a reduction in leaflet
size.were the first symptoms seen on plants infected with this isolate.
Within 4 weeks of inoculation, the ch]gzosis Qpread acropetally to the
leaves mid-way up the sﬁem. There was Tittle difference in the average
height of infected plants compared to that of the controls. The average
seed yield from the diseased plants was abouf the same as that from
p]ants'infected with F. solani. Recovery of this isolate was made from

- the hypocotyl and the base of the stem (Table 5).

‘L' .
3.5.4 F. equiseti, Isolate 11C1

There was only a slight reduction in seed yield in p]ants infected

with this Fusarium sp. Foliar symptoms remained confined to a
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chlorosis of the lowermost leaflets and reisolation was successful

only from host hypocetyl tissve.
3.5.5 A, strictum, IsoNsté 388 e

NN .
Foliar disease symptgms were restricted to a slight chlorosis of
. / R .

the lowermost leaflefs. This symptbm did not become apparent. until the

completion of the experimert and seed yield was only marginally reduced
'~ as compared to“that from the'control. A. strictum was recovered from

hypocotyl tissueé.
3.5.6 M. belieyi, Isolate 89A

Foliar disease symtoms appeared as a-chlorcsis of the lowermost
lTeafiets at the termination of the experiment. As with the previous

isolate, yield was slightly reduced and this pathogen was recovered

from the hypocotyl area.

3.6 PATHOGENICITY OF THREE ISOLATES OF Fusarium oxysporum T0 LENTILS

An exbgriment.was designed tp compare the course of disease déﬁe]opment
of ‘two other F. oxysporum cultures isolated from field grown lentils with
thét of Isplatg 82A. An isolate of F. oxﬁsgorum (0-6705, courtesy of
Dr. P.E. Nelson, Fusarium Research Centre, The Pennsylvania State””

| University was originally isolated from diseased lentils grown in
CoTumbiét South ‘America. A second isolate (W-2, my code), from lentil
roots—in Fairfield, Washington was supplied by Dr. R.J. Cook, Regional
Cereal Disease Laboratory, U,S.D.A., Washington Stgte University.
Neither of these scientists hadltested their isolates for pathogenicity

to lentil seedlings and tbgether with Isolate 82A they were cultured
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separately onto PSA, passed once through a lentil host and sing}e—‘
spored for-the determination of cultural characteristics, spore mor-
pho?bgy and growth rate. Their pathogenicity to lentils was detérmined

underiaseptic and controlled environmental conditions.

-

3.6.1 A Cultural Compar1son 0f Three Fusarium oxysporum Isolates Grown On

Potato- Sucrose-Agar :

Isolates 82A and 0-670 were similar, differing only in the size of

‘their macroconidia (Table 6). Isolate W-2 differed from the other two
"isolates in substrate pigmentation, mycelium co1our: and in the cottony
growth of the aerial mycelium (Table 6)}. The average size of the W-2
. macroconidia was the same as £hat of I§01ate 82A which was smaller, than

that of Isolate 0-670.

3.6.2 Pathdgenicity To Lentils Grown In Aseptic Culture

-

Within the Zl-day incubation period, Isolate 82A cdused extensive
necrosis of the tap root which became discoloured a dark-brown-to-black.
‘ There was :idespread disintegration of the cortical cg]ls of the tap
root, tissue necrosis, and proTiferﬁt%on of this isolate along the
entire length of the hypocotyl and at the bases of the secondary roots
which emerged from it. Frequently, necrotic lesions on these secondary
rgots were up to 1.5 cm in Tength; howe;er; on each one, the apex re-
mained free of discolouration. Numerous adventitious roots arose frem 'l
the bese of the stem as necresis spread throughout the rdot zoné‘““z
(Fig. 16-A and 17-A). Ch]ohbsis and some deformation of the 1eaf1et:tgps
was visible to mid-stem. Isolate 82A was found-in host tissues removed
Hﬂ/ﬂh\\ from-the tap root apex, hypocotyl and stem base but not however in tissues
from the shoot apex.

H
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Table 6. Characterization of Three Monosmmc Isolates Of Fusarium
oxysporum On Potato-Sucrose,Agar Med fum

- ’
2},{?H-J
Il A
. /!

Al

. Fusarium oxyspbrum Isolates.

82A . 0-670 W-2
Growth Rate® 3.4 3.3, 3.4
Substrate PTgmentationb Vinaceous purp1e Vinaceous purple. Saffron
. ‘ <+ Buff + Buff .
Colour of Mycelium Pink Pink ’ '.~lh'ii:f-,>-v’r
Nature of Aerial Mycelium felted felted cottony
Microcenidia®-size in um 10.1 x 2.5 ., 10,1 x 2.5 10.1 x.2.5'
- {ranges) (5-13 x 2-4) (8-15 x-2-5) { 8-15 x 2-5)
- septation 0 0 - A 0
Macroconidia®-size in um 32.9 x 5.1 40.5 x 4.0 32.9x 3.8 °
*- {ranges) (23-46 x 4-8) (25-68 x -2-5)(29-43 x 2-5)
-~ septation 3 .3 3
Chiamydospores + ' + +

present (+) or absent (-}

%mean colony diameter (cm) of eight monoconidial colonies inclibated for

96 hours.

bpigmentation determination by comparison with Rayner's (1970) myco-

Togical colour chart; (+)
centre to colony edge. -

qmeans of 100 observations.

——

indicates change in pigmentation from fg}oﬁy_\\

- A
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Figure 16. Symptohs,produced on lentil seedlings, 21 days
following inoculation with three different isolates of F. oxysporum.
RN |
A. Isolate 82A, recovered from field soil, Ottawa, Canada
" B. Isolate 0-670, recovered from ]eﬁti1 roots,ICo1umbia,
~ South Aherica . -

C. Isolate N-Z;'recovered from lentil roots, Néshington State,

United States of America.

L]






Figufe 17. Symptoms produced on lentil roots, 21 days folTowing

]

inoculation with three different isolates of F. oxysporum.
A. Isolate 82A
B, Isolate 0-670 . *

_C. Isq1ate W-2

Note that in A and B, older portions of the root system, negr the seed

are more discoloured than those in C.
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Disease symptoms produced by Isolate 0-670 were similar in some res-

=

'pects to those described for Isolate 82A but disimiliar in others.

Thg tap root was discoloured’a dark brown but many'of the neérotic
lesions on the secondary roots had coalesced rather than remaining dis-
crete, *Further, unlike Isolate 82A,'there was a darkening of the
tissues at the lateral root apfces and no mycelial development was
observed on the infected seedlings (Fig. 17-B). Foliar symptoms were
Timjted to a chlorosis of the lowermost Teaflets.

- Isolate W-2-caused symptoms that were quite distinct from those .
produced by either Isolates 82A or 0-670. The tap root and hyﬁototy]
remained free of disease and there were rarely s1gns of d1sco1ourat1on

at the sites of emergence of the secondary roots. D1sco1ourat10n of the
root tissues was 1imited to the apices of the lateral roots and occa-
éiona11y alsce included the points of emergence of the younger laterals

(Fig. 17-C) There was premature abscissjon of Teaves at the lowermost .

node (Fig. 16 C) and a V-shaped chlorosis of the leaflets at the third

node.
In this experiment, the average shoot lengths of plants inoculafed
with Isolate 82A were significantly less than those inoculated with-

Isolates 0-670 or W-2 (Table 7).

.3 Pafhogenicity To tentils Grown In Pasteurized Soil

Isolate 82A was the most virulent when tested on lentils grown in
pasteurized soil and the symptoms bfoduced were as described in Sec. 3.5.1.
In coﬁtra;t, other than an overall chloresis of the.leaf tissue of the
Tower half of the plants inoculated with Isolate W-2, no additional
foliﬁr symptoms were observed. Isolate 0-670 caused a repuction in

.-shoot growth in infected seedlings and in many of the older leaflets,

’
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a chlorosis and curling inwards from the tip. Howeyer, the leaf size-
was gimilar to that of the control plants instead of being smaller as

those on 82A infected seedlings-.

3.7, COMPARATIVE PATHOGENICITY. OF Fusarium oxysporum, ISOLATE 82A AND
F roseum 'Avenaceum’ TO LENTIL SEEDLINGS

2 ‘
A culture of Fusarium roseum ‘Avenaceum' which has been reported to

be a serious pathogen of 1ent11s ip Eastern Weshington State (Lin, 1975),
was supp11ed by Dr. R.¢: Cook, RéZ1ona1 Cereal D1sease Laboratony,

' U.s.D. A Washingtoh State University. " The pathogen1c1ty of th]s
organ1§/ to 1ent11 seedlings was compared w1th that of F. xxsgoYum
Isolate 82A under both aseptic and' controlled environmental conditions.

3 7.1 Pathogenicity of F roseum 'Avenaceum' To Lent11s Grown Asept1ca11y*

Seedling death occurred within 7 days of inoculation with E,'Iggggm
'Avenaceum’ . The Efem and all of the leaflets were necrctic and thefe
was shrivellting and rolling of the leaflet margins inwards towards the
mid-rib (Fig. 18-B). The hypocotyl and seedcoat were covered with a
pinkish mass of fungal mycelium which freduent]y extended onto the base
of the stem (Fig. 18-D). The tap root and proximal portions of the
older sgcondary roots had necrosed and displayed a brown soft ret while

.the apices of these gnd youngen, laterals were free of discolouration. -
The time-courseoof:disease deQe]opment in Tentils infected with F.
Eggggm_'Avenaceum' as well as the overall symptomatology Qere similar £0
those obtained with F. oxysporum Isolate 82A (Section 3.4.1). However,
F. roseum ‘Avenaceum’ produced more severe foliar symptomé but less

4
severe root damage -than F. oxysporum, Isolate B2A.
l
\



’

Figure 18. Disease symptoms produced by F. oxysporum
Isolate 82A (A,C) and F. roseum 'Avenaceuﬁ' (B,D) on lentils,
21 da:\(s/ after 1'nocu1at1'0:‘1. For a compar;ison of symptoms see
Sec. 3.7.1. : """\- ' B

Lo

"‘\/‘
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3. 7 2 Pathogenicity Of F. roseum 'Avenaceum To, Lent11s Grown In
Pasteurized Soil

W

Seeqling death occurred within 12 days after inoculation uiih this
Fusarium species. At:S days‘fo]]owfng inoculation, a chocofate-brown
lesion formed at soil level. This lesion eieanded causing girdling

| and subsequent co]]a;se of the stem (Fig. 19-A and 20-D). The foliar
symptoms consisted of green but shrivelled lTeaflets with tan-coloured
necrotic lesions (Fig. 19-C). The root system of inoculated plants was
6n1y slightly affected and differed only marginally from the roots of
non-igocu1ated cheek plants (Fig. 20-A,B}. The healthy appearance of
the root system contrasts markedly with the severe rcot.damage that
~ resulted in piants inoculated with F. oxysporum, Isolefe 82A.  Because
the seedlings inoculated with F. rgéggm_‘Avenaceum' died so rapidly, |

-
seed production was nil but p1ants infected w1th F. oxysporum, Isolate

e

-82A did produce some seed even when severely damaged.

'3.8 PATHOGENICITY OF A SIMULTANEQUS INOCULATION OF F. oxysporum AND
F. solani TO LENTILS

—

Rfsvo11 (1976), reported that simultaneous 1nocu1at1a5i§5;?h1eum
gratense plants with isolates of two Typhula species resulted in less
severe disease than if plants were inoculated with individual isolates
of the most viru]enf species. In this experiment, inoculum %rom the
two most virulent pathogens retovered from field eoi], F. Oxysporum,
Isolate 82A and’ F. solani, Isolate 196A (Table 1), was mixed and used
to inoculate lentil seedlings grown in aseptic culture and in pas-
teurized soil. . In general, the symptoms produced by the mixture .
were less severe than those generated by Iso1aee 82A and only minimally
more severe than those produced by Isolate 196A (Fig. 21 and 22). Some

of the differences hetween the
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Figure 19. Symptom expres§%on on Tentil seedlings grown in soil

and inoculated with a spore suspension of F. roseum 'Avenaceum'. The

inoculated seedling (A, right) with a crook-neck shoot, a typical wilt
symptom. Leaves of the non-inoculated check plant (B) appear normal

_while those on'the infected seedling (C) are shrivelled with necrotic

Tesions (4).

/
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Figure 20. Root:system of an F. rogeum 'Avenaceum' inoculated

plant (B) lacks lesions and is smaller than rol root system

(A). The base of the inoculated plant stem (D) is constricted (arrow)

. while that of the control plant is uniform ().

g






~ Figure 21. Plants inoculated with F. oxysporum Isolate 82A (A),
E. solani Isolate 196A (B) and with a mixture of both species;
symptoms expressed‘by the mixture appear to be intermediate to those

produced By either isolate alone.

{






Figure 22. Root sysfems of plants inoculated with two

& Fusarium isolates alone or in combination. .The root- system éf;}
the £. oxysporum Iso]aFeIBZA inoculated plant (A) has exfensive
lesions gjving rise to ah overall discolored appearance. fhe
root system of a plant inoculated with F. solani Isolate 196A (B)
is-more extensive and has small lesions scattered tﬁroughout the
root system (arrows). A plant inoculated with both isolates
simu]taneous]y has Targe lesions (arrows) on both old and young

\

roots.

i



FIG 22

T
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inoculated .plants arernoteworthy: necrotic lesions on plants inoculated
with'the intef-specific'mixfure were often up to 1.5 cm in length and
sézziénggzthroughout the root system, affectine both older and younger /
roots alike. Nhen\iso]ate 82A was used, alone, lesion development was
restricted to the tap root and to thg distal protions of older secondary
roots. Plants inoculated with the 196A iso1afe, alone, had Tesioﬁs dis-
tributed‘throdghout the root zone while the sites of emergencé of the
secondary roots remained disease-free. Also, mycelial proliferation
was restricted almost eniire]y to the stem base with the mixed inoculum
‘whereas with Isolate 82A, hypha]ndeve]opmentlextended along the hypocotyl
and was present on the ‘seedcoat. When inoculum from Isoiate 196A was
used to infect seedlings, external proliferation of tHe fungus on'ﬁost
tissues.was not observed. . Foliar symptoms pfoduced by the two isolate
inoculum included chlorosis of the leaflets at all nodes with neﬁrosis
of the Jowermost ones. Isolate 82A, as noted previously (Seé. 3.4.1)
caused necrosis of all leaf tiﬁsue and of large portions of the stem

. g S—
whereas Isclate 196A produced a chlorosis of Teaflet tips extending to

the shoot apex without chlorosis of the stem tissue.

3.9 THE EFFECT OF CULTURE FILTRATES FROM F. oxysporum, ISOLATE 82A
ON LENTIL SEEDLINGS

Some of the lentil seedlings died within 48 hours after being placed
into the und{1uted culture filtrate,but others survived for up to 7 days.
In the latter, the symptoms‘qroduced influded a reduction in growth and
a soft, wet rot of the tap root, suppression of lateral root format%on,
and necrosis of the shoot. Death of seedlings occurred after 7 days of

incubation in a 1:1 dilution of the culture filtrate (Table 8). As the

.

b 4

L/
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3.10 RECOVERY OF SEED-BORNE MICROORGANISMS FROM LENTIL SEEDS

_ } | 104 - ;

LN

filtrate was diluted further, disease symptoms became progressive]y

Tess severée. Seed11ngs incubated in the 1:100 d11ut1on were somewhat

~ taller and as healthy appearing as the contrels (Tab]e 8). This experi-

ment Ee repeated .using ‘a 12-day-old filtrate; s1m11ar results were

seVere disease symptoms resu]ted from incu-

bation in the undiluted filtrate. In addition, severe symptoms were

expreseeg;on plants in the 1:1 dilution.

Seed-borne inoculum is often responsible for the transmission of

diseases into new areas (Ainsworth, 1971). An experiment
o

“was conducted to determ1ne the extent to which seed-transmitted patho-

gens may have coggtibuted to the degree of field infestation. The,z’*ﬂ’
Tentil var1et1es La1rd Commercial Chilean, and Eston as well as P. I
17931 34f8re screened fo* the presence of seed-borne contaminants and
Table 9 lists the results of this investigation.

Percent seed germination for all 4 lenti] varieties tested was
greatest on malt-extract-agar although P.I. 179315 germineted equally
well on potato-sucnose-agar. V-8 juice-acar supported relatively poor
germination of all varfeties. The amount of seed-norne infection was
Tow (2.3%) and the vdfiet& Commercia] Chilean and P.I. 179313 were com-

pletely free of seed-borne contamination. The fungi tested in Table 10

were recovered from surface-disinfected seed of Laird and Eston.

‘The frequency of isolation of each contaminant is also listed. Septorig *

-

lates were identical to those recovered from the soil, an unidentified

|

pisi was the most common fungus isolated from the seed. Two of the 150-\\

o4

4
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Table 10. Seed-Borne Fungi And The Frequency OFf Their Isolatio
From Surface-Disinfected Seed

[

Seed-Borne ‘Fungi : ' Isolation® -

Alternaria sp.

Septorfa pisi West

.

Fusarium equiseti (Corda) Sacc.

Penicillium sp. -
Alternaria tenuissima {Kunze ex Pers.) Wiltshire
Cladosporium cladosporioidas (Fresen.) de Vries
hart '

1 4

P 2 T - T S T N i -y J |

Fusarium acuminatum E1lis &

Ascochyta sp.
Aureobasidium pullulans (de Bary)

Epicoccum purpurascens Ehrenb. .ex Sch

&)
— ot —

Geotrichum sp.

aFréquency of isolation from a sample size of 1200 seeds.
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Alternaria species and Fusarium equiseti, F. acuminatum, isolated

from Laird seed was the only other Fusarium: species found as a-seed-

borne contaminant.

3.1

PENETRATION AND SUBSEQUENT DEVELOPMENT OF F. oxysporum ISOLATE 82A
IN LENTIL ROOTS

®*These experiments were initiated to determine in det@il the pene-
tration and pro]i%eration of Isolate 82A in Tent™ root tissues.

The mechanism by which hyphae of F. oxysporum penetrafeﬁﬁhd establish
infection in-lentil rcots is unknown and it is hcped that the obser-

vations hade during the course of these studies will prove helpful

in understanding the aetiology of this root-rot disease.

.TZCyto1ogy 0f Non-incculated Lentil Roots "'

Observations of toluidine blue-stained fresh and epon-embedded

young root tissues revealed a cellular arrangement similar to that

N,

N .
briefly described by Barutina (1930), in her morograph on the genus,

Lens. The epidermis is composed of a single.layer of closely-packed,
nearly isodiametric cells with a re]afive]y thin, non-uniform sur-

face secretion (Fig. 23-A). The cortex, several cell 1ayehs in thick-

. ness consists of circular to ovoid parenchyma cells with large irre- |

?

guTar intercellular spaces (Fig. 23-B). The innermost cortical layer
“ .

is differentiated as an endodermis lacking casparian strips (Fig. 23-D).

The central vascular cylinder is surrounded by the pericycle, which is

uniseriate over the protophloem and 2-3 cell ﬁEyers in thickness over

the xylem poles. The issue consists of xylem in a triarch

arrangement with trachery elements < varying diameters ensheathed by

xylem parenchyma cells (Fig. 23-C). \Located between the xylem ridges



Figure 23. Trans&erse sections thrqﬁgh p]astfc-gmbedded
non-inoculated check roots. _

A. The cortex ig surrounded by an epﬁ&erma] layer of nearly

isodiametric cells (epi). which have a thin non-uniform
" surface sécretion (*). |

B. The cortex consists of ovoid parenchyma cells and large
intercellular spaces {+).

C. The proto- (px) and metaxylem (mx) cells surrounded by
parenchyma.

'D. The phloem fibres with thick walls (4); (*) indicates the

location of the endodermal layer.
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is the phloem consisting of sieve elements, phloem parenéhyma cells

and bundies of fibers with thick secondary walls (Fig. 23-D)..

3.11.2 Determinatjon Of A Preferentia1.1noch1ation Site On Lentil Roots

To establish where on the root surface to placé the inoculum dis%s
an experiment ‘was desigﬁed in‘which individual tap roots were inocu- °
Tétgg\ii‘three sites and incubated for 16 hours prior to fixation in
F.A.A. \Jhe discs were situated adjacent to the root apéx, the zone of
ce1i E1onga jon, (in lentil roots, this zoneAextends from 0.5 to 7 mm
‘behind the foot tip), and the root hair zone. Examination of hand-

‘ sections stained with toluidine blue revealed that the area of e1ongati;n
Was preferentially susceptfb]e to penetration by hyphae of F. oxysporum.
Following the incubatidn period, hyphae had invaded the epidermis and up
to 7 cell 1dyers of the cortex (Fig. 24-B). Penetration into the cells
of the root apex or root hair zone was not observed (Fig. 24-A,C) after |
16 hours of incubation with the pathogen. In all subsequent inoculations,

the agar dists were placed contiguous to the zone of cell e1ongation.‘

3.11.3 Cytology Of Inoculated Lentil Roots

Although embedded root tissue was examined 2 and 4 hours following

inocuTation wWith Isolate 82A, initial invasion of the epidermal cell

layer was rof observed until 8 hours after inoculation. The pathogen
penetrated intercellularly and elongated along the junction between adja-
cent epidermal cells (Fig. 25-A). There was no evidence of formation of
a true appressorial structure. Frequently, however, germ tubes were ob-
served to swell at the boint where they were contiguous with the host cell

w1 to form an appressofrial-Tike structure. These structures were

\
usually found associated ‘3th invaginations of the host wall (Fig. 25-B,C).



Figure 24, Transverse, free-hand sections through the root
apex (A}, the zone of cell elongation (B) and the root hair zone
(C) 16 hours aftef jnocu1étion with F. oxysporum, Isolate 82A;
all subsequent figures show plastic embedded tissues inoculated
with this isolate. Note, in (B) hyphae penet;ated through the
epidermis and into the cortex (*) and the cells are disrupted but

cellylar penetration and cortical deterioration are not evident in

_{a) and (C).

AR

Lur



FIG, 24



Figure 25. ‘External growth of the pathogen and its effects on
epidermal cells. A. Some‘hyphae (*) grew directly to the region
"between adjacent epidermal cells while others (B) became contiguous
with the epidermal cell wall and formed an 'appressoria1-1ike structure
(*). C. Some epidermal cells had small invaginations at the point of
contact with'thg pathogen (*)."D. Epidermal cell (+) with a granular
cytoplasm; a hyphg] strand is contiguous with this cell. E. Epidérma1
cell wi%h an apparent plasmolyzed cytoplasm (*). F. A strand of hyphae
which grew up to an epidermal cell then parallel with its wall (£).

Samples fixed 8 hours after inoculation; epi - epidermis; co - cortex.

~

e

e
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Often 'the cytoplasm of qe11s adjacent to agn infection hypha became
granular in appearance (Fig., 25-D) and at times %here the fungus was
in contact with the hést cell, the cytoplasm of that cell plasmolyzed
.(Fig. 25-E). When hyphae contacted an epidermal wall at a point.away
from the junction of t&o adjacent cells, the hyphae grew along the
surface of the epidermal cell wall towards fhe junction (Fig. 25-?).
Following penetration, hyphae grew intercellularly into the cortex where
‘they proliferated'in the intercellular spaces. In many instances,
the outline of the cortical cells became irregular (Fig. 26-A) which
was in marked contrast to the smooth, regular appearance of the non-
inoculated cortical tissue (Fig. 26-B).

Following profuse intercellular growth of the fungus in the outer
cortical layers, branches arose from the intercellular hyphae and
penetrated the host cel]s intracellulariy {Fig. 26-C). Cortical walls _
appeared thin in places and freguently there was disruption of the
continuity of the wall indicating cell collapse (F%g. 26-6). When
fungal hyphae penetrated through cortical walls, there was a constriction
of the hyphal strand at the site of penetration (Fig. 26-E). As in-
fection/gfﬁﬁost tissue proceeded, the ﬁéthogen grew inter- and intra-
cellulakrly, ramifying in various directions throughout the cortex. Fre-
quently cells containing fungal hyphae were stained darkly with toluidine
blue (Fig. 26-F). There was complete disruption of the cellular structure
of the cortex within 24 hours after inoculation and fragments of cell wall

_material could be seen interspersed with fungal hyphae (Fig. 27—A). In
some cases, hyphal strands formed thick-walled swellings which resembled ...
chlamydospores; these were either borne singly or formed in chains

(Fig. 27-A). The pathcgen, although well est@b]ished in the cortex,
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Figure 26. The presence of hyphae in the cortical tissues,
16 hours aftér inoculation. A. Hyphae penetrated ?%terce11u1ar1y
(+);,cort1c§1 cells kco)tare irregular in shape (cf. B, a section
from non-inoculated check roots). C. Some hyphae penetfated
intracellularly (+). Note cortical cells did not stain intensely
(cf. B). D. An intracellularly penetrated cortical cell with a

discontinuous cell wall (*). E. An apparent constriction in a

hyphaT [strand where it passes through adjacent cell walls (*).

Transverse section through a hyphal strand (*) in a uniformly
tained cell. Other similarly stained cells have‘internal hyphae
(lower right). Central cells are unstained and have discontinuous

cell walls.-






Figu;e 27. Transverse sections through infected roots 24 (A)
and 72 hours (B,C) after inoculation. A. Extensive proliferation
of hyphae in the cortex; note lack of sta?ning of the cell walls
(+) and an apparent chain of chlamydospores (*). B. The stele
contains large cavities (*); X = thick walled xylem e]emen;s.
Hyphal strands were not observed in the stele. C. In sections
- from roots inoculated in the root hair zone, hyphal penetration

aftter 72 Hours was limited to the outer three or four rows of

cortical cells (*). Some hyphae penetrated into a root hair (}).

N
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did not enter into the vascular t{ssue EVeh in specimens examined

72 hours fo]a/yﬁﬂﬁ)lnoculatlon, fungal structures were not observed -
although large cavities were present w1th1n the stele (Fig. 27-B).

It is possible that these cav1t1es may have arisen from dissolution of
parenchymal cells. Examination of the root hair zone, after 72 hours
revealed thaf the pathogen was present in root hairs as well as in the

first 3-4 cell layers {Fig. 27-C).

3.12 FIELD EXPERIMENTS = e

3. 12 1 Field Symptoms ' -

In the May p1ant1ngs (Fig. 28}, dwsease symptoms were first observed

in mid-July, just-after the ﬁenti] plants started to flower. Initial
_'symptomsfeonEigted‘of either a yellow blotchiness on leaflets oh a v-

shapéﬁ‘pinkish-brbwn disco1ouratipn of the leaflet tips. 0Older leaflets,
geherelly the first affected, tended to curl upward and inward from the
tip‘of to twist spirally along the mid-rib. In addi¢ion, a chocolete—
brown lesjon formed on the stem at soil level which eh1arged to girgTe'
the stem;subsequently the stem collapsed. When stems were diesected,
vascular discolouration was observed to be conf1ned to the g1rd1ed zoneﬁ

Initially 1nd1V}dua1 diseased plants were scattered throughout the
plot (Fig. 29); however, within two weeks, large portions of the field
becahe chiorotic (Fig. 30-A} often with necrotic p]anfs in the
centre of these areas (Fig. 30-B). Many of the plants in the necrotic
areas were complietely detached from their root Systems due to a rotting
of the’stem at, soil level. Within the next 4 weeks all of the plants

. N
in the plots were necrotic (Fig. 31-A). Extensive defotiation and
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. Figure 28. A uniformly green field plot of lentils. Photographed

July 4, 1980. This plot and ones in subsequent -Figures were planted in

mid-May.

Figure 29. An individua]idiseased plant in the field plot, many

such plants were scattered throughout the plot. Photographed July 17, 1930.

R
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Figure 30. A. On July 30, 1980, large portions of the plot
were ch1or0tic.(cf. Figure 28). B. Necrotic plants in one of the

more chlorotic areas in A.
‘ A
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Figure 31. A. On August 10, 1980, almost the entire'plot was
necrotic with only small areas of upright, chlorotic plants.

B. Prostrate plants in a necrotic area with surface fungal growth.
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cd11ap§e of the stems occurred throughout the p]qﬁ and saprophytic
funga] development was observed on the decaying stems (Fiﬁ. 31-B).
Disease progression in the June plantings followed a similar but acce-
lerated course of development.. | .
Only a few of the plants produced seed and these formed in dark-
brown-to-black misshapen poas, on which fungal growth was often visible
(Fig. 32-A). A representative selecticn bf seed recovered from such
pods is shown in the bcttom row of figure 32-B. The top row is a sample

of the seed used in the origjna1'seeding. The harvested seed is dis-

coloured and shrivelled with areas of fungal development on the seedcoat.

- 3.12.2 Effect Of Benomyl Seed Treatment And Rhizobium Inoculation.On
Emergence, Nodulation, And Seed Yield OFf Lentils.

In both the early and late sowings, none of the seed treatments
significantly increased seedling emergencelover that of the control
(Table 11). Rhizobium inocutum applie& to seediings 2 weeks after
planting increased root nodulation and significantly improved yie1ds
in the earlier planting. Treatment of seed with benomyl prior to
planting reduced nodulation regardless of whether the seedlings were
inbcu?ated with Rhizobium. This decrease in nodulaticn was signifi-
cant only when the seedlings were inoculated. A1l treatments produced
higher y1e1d§ over the controls in the earlier sowing but these increases
were ndt significant with the exception of those plots inoculated with
Rhizobiu In the 1atér planting, the treatments did not haye a signj-
ficant effect on yield. Dates of sowing however, had a significant
(P = 0.0]j effect on yield with the earlier planting producing the higher

yields,



I

Figure 32. A. Apical portion of a chlorotic stem harvested
from the plot shown in Figure 31A. Seed pods varied in colour and
size. B. Representative samples of seed from those originally planted
(top row) and from the pods Shown in Figure 32A (bottom row). Seeds
/\\‘.
from the latter varied in colour, size and shape; pinkish areas are

- fungal colonies.
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3.12. 3 Effect Of Benomyl Seed And Soil Treatments On Emergence And Seed

Yield Of Leqtlls

-Seedling emargence in the June sowin® was significantly higher in
p]ots rece1v1ng both the benomy1 seed and 5071l treatments than in those
treated 0n1y w1th the benomyT soil drench (TabTe 12). A similar increase
in May was not s1gn1f1cant None of the treatments in both the early
or late sowings had a s1gn1f1cant effect on yield. However, seed yield

was significantly (P = 0.01) qreater from the‘ear]ier than the later

sowing date.
' [+

3.12.4 Effect Of Benomyl, PCNB, And Zineb Seed Treatments On Emergence

b

And Seed Yield Of Four Lent11 Varieties,

Seed of the lentil variety, Laird, germinated less well than the

other varieties with al] treatments tested, however, these results

~were significant only for Laird over P.I, 179313 (Table 13). The small

seeded variety, Estonland P.I. 1793T3 were higher yielding although not
significantly over the large seeded variety, Commercial Chilean. The
extra-large seeded Laird produced the Towest yields and these differed
significantly from both Eston and P.I. 179313. The seed treatments had
no significant effect on-seed1iﬁg emergence or yield. In addition, there
was little difference among fuhgicide treatments, on the rate of seed-

Ting emergence (Fig. 33).

3.12.5 Effect 0f Seedcoat Character1st1cs On Emergence And Seed Y1e1d

0f Four Lenti] Varieties

| Emergence of the variety Laird was'significant]y Tess than,the other
3 varieties tested (Tab1ew14). The small seeded variety Eston had the
highest. number of seedlings and produced the greatest seed yield. Yields

of P.I. 179313 in addition to Eston were significantly higher than the
e o
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Figure 33. Effect of three fungicide seed treatments on

the rate of seed1ing emergenée in four field sown lentil varieties.
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Targer seeded varietges Laird .and Commercial Chilean and Eston signia‘
ficantly out-yielded P.I. 17@313. Seedcoat characteristics had no signi-
ficant effect on the rate'of seedling emergence (Fig. 345; the number of

plants that'emerged atter four weeks; or yield.



Figure 34. Effects of seed coat characteristics on the réte

of seedling emergence in four field sows ]enti1.Vériéties.
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) Dgc'?smw AND CONCUUSTONS -~ ‘-

Fusarium oxysporum Schilecht. has been found to be a pathbgen of

lentils (Lens culinaris Medik.) in Asia {Anonymous, 1934), Europe

(FIéischmann, 1937), South America (Carrera, 194d), and the United
States of Bmerfa (Wilson and Brandsbérg,1965); This study represents
the first report of the occurrence of this Fusarium Sp.-as a pathogen
of Tentils in Canada, _

F. oxysporum was 1soiated from field-grown lentils, field soil on
which Ienfi]s were cultivated, and from lentil seedlings grown‘in pas-
teurized soil and hydroponically, in aseptic Eulture. The latter two
environments were artificially infested with a spore suspension of this
fungus.

~ Isolations from diseased field-grown lentil plants in Ottawa
yielded three different ngarium species of whichjf, oxysporum and
£,<eguiseti.were the most common, and F. §glg£i, These in addition to
an isolate of F. melanochlorum were also recovered-from lentil-sown

Y
field soil by use of the soil dilution plate method. This procedure

' _ was modified to preferentially isolate Fusarium spp. by ®ncorporating

Watson's (1960) soil washing technique and b;%ysing water agar (0.1%)
as the diluting medium (Barron, 1971). In addition, peptone-pental
chloronitrobenzene agar was used as a growth medium because it was
reported to be especialiy sulted for the isolation and enumeration of
Fusarium spp. (Papavizas, 1967).

In addition to its qualitative use in the isolation of soil fungi

140
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the modified soil dilution met®od was used to determine the population
“levels of Fusarium spp. in the Ottawa lentil field soil. The use of
this technique fo%ﬂestimating fhngus populations in soil has been
severely criticized (Barron, 1971; Clark, 1965; Johnson and Curl, 1972;
Rodrizuez-Kabana, 1967). A limitation of this procedure is that those
organisms which sporulate abundantly or which produce heavy propagu1és
are favoured (Johnson and Curl, 1972). However, Tuite (1969) contends
that with the use of the modifications described above, the accuracy of
this techniqhe compared to the unmodified version was greatly improved.
Furthermore, fusaria are particu1ar1y.we11 suited for isolation and
enumeration using the soil ditution method beeguse they produce many
discrete,.relatively uniform propagules (chlamydospores) in soil rather
than predominant]y existing as mycelia or conidia (Nash et al., 1561;
Papavizas, 1967; Parkinson et al., 1971). Parkinson et al. (1971)
concluded that assessments of Fusarium spp. per g dry weight of soil
are underestimates of the actual population TeveTﬁ present in soiT
because ciumps of cells may remain aggregated while in suspension or
they may be adsorbed onto the walls of pipettes used in the spreparation
of dilutions. The relationship between inoculum densityland the inci-
dence of disease has been studied and it has been repeatedly shown that
population estimates are important because inoculum density can be
direbf1y correlated with disease severity (Fleischmann, 1963; Kadow
and Jones, 1932; Linford, 1931; Roberts and Kraft, 1973; Smith, 1970).
In this study, population levels of Fusarium spp. average& 930

propagules- per g of soil, three months after harvest. Of these, 330

were found to be propagules of F. oxysporum, Isolate 82A. Lim (1972)
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studied soils in Singapore and reported that the Fusarium population

in cuitivated soils was large and aiways greater than IOOO'propagules
per g dry weight of soil. Also, Nash and Snyder (1962} in their
recovery of F. solani f. sp. phaseoli from bean fields at harvest,
discovered that the population of this pathogen.averaged 1,077 propa-
gules/g soil which is considerably higher than the 330‘pfopagu1es/g
obtained for Isolate 82A. This variation in the numSers of propagules
isolated from soil might be explained in part by the decline in soil .
“inoculum with time as reported by Risbeth (1955) and Wensley and

McKeen {1963). Risbeth (1955) showed that the numbe} of Propagu1es of.
F. oxysporum f. sp. cubense in'the vicinity of banana plants rapidly
decreased with time after the plants were removed from the spil.
Wensley and'McKeen (1963) found that populations of F. oxysporum f. sp.
melonis immediately around diseased muskmelon plants ranged upwards to
3,300 propagules/g soil at harvest; however, another sampling of the
field 200 days later revealed that the population had declined to
approximately .800 propaguTes/g. The sharp incréase in the number of
Fusarium propagules in the presence 0% a suscéptib]e host and the steady
decline following harvest is compatible with the view that cH]amydospores
function as the chief éurviVaj form for many of the fusaria(McKeen and
. Wensley, 1961). Furthermore, thié supports thé contention that in

a host-free environment, pfoliferation of the fungus occurs at low
levels and only in sufficient amounts to facilitate replacement {MNash
et al., 1961). | ' _
Wensley and McKeen (1965} reported tha@_the huskme1on pathoﬁén,
F. oxysporum f. sp. melonis, composed a lower percentage of the’tota1

Fusarium population in soils extracted from inter-sites as compared
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with.p1aht-sites. The percentééeiof the pobU]ation of Isolate 824
in soil sémp]es from a field hot cropped to lentils was 14%'whi1e in
an adjacent field where tﬁe host was present, this pathogen represented
35% of the Fusarium popu]atioh and this is in agreement with Wensley
and McKeen's (1963) conclusions.

.Funga1 isolates recovered from soif%EHTUtion plates wgre_te§ted
for pathogenicity to lentil seedfings. - In order to establish proof 0%
pathogenicity, completion of Koch‘s“PostuTates required that the sus-
pected pathggen be isolated from the host and ﬁfown in pure culture and
that subsequeht pathogenicity experiments with the pure culture inoculum
prbduce the charactgristics of the diseas{E The\validity of the inoc-

ulation tests was increased by using aseptic culturi echniques for

growing the lentils thereby exc1ﬁding other organisms from the experi-

mental set-up. However, the use of these types of conditions eliminates

L
A

the mo'st important component of the soi] environment - the soil micro-
flora (Garrett, 1970). Lin (1975) reported that many fungi may become
pathogenic under sterile conditions but. that they may only rarely pro- .
duce disease symptbms in less artificial environments. T agreement

.with Garrett (1970) and Lin (1975), F. melanochlorum as well as the

two isolates of Acremonium recovered from.-TentiT-sown field soil con-
sistently produced disease symptoms on and were recoverab]e'from lentils
grown aseptically and in pasteurized soil. However, thesé isolates

were not‘recovéféd from diseased Tentil pTanés in the field. Lin (1975)
reporfed that although F. roseum 'Avenaceum’ was highly pathogenit to

lentils in sterile soil it was rarely serious under field conditions in
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' Washington State. He attributéd this suppression in natdra] soil to
fhe inability of this fungus to establish a food base in the presence
of fast-growing, saprophytic fuﬁgi such‘as Mucor spp. and .Trichoderma
!irigg. This observation may, in part, explain the variable pathogeni-

city obtained with F. melanochlorum and Acremonium, as both organisms

were extremeTy sTow-growing in culture (growth rates of 1.0 and 1.3 cm/
4 days, respectively) compared with F. oxysporum, Iso1ate 82A (growth
rate of 3.6 cm/4 days).

| F. oxxsgdrum, IsoTate 82A was shown to be highly pathcgenic to
1enti1.séed11ngs in different cultural conditions. In aseptic culture,
this isolate preduced tiﬁsuendiscolouration at the sites of emergence
of secondary roots within forty-eight hours after inocu]afion‘ Bo]ton
and Nuttal (1968) work1ng with F. poae found that d1sease seVer1ty in
non- wounded t1ssues was equal to that observed in pea seed11ngs with
artificially clipped root systems wh1ch.a150 suggests that there were
sufficient natural sites for éntry. Théy considered theh: that‘natUﬁa1
wounds caused by the emerging secondary roots were important as'én
avenue of entry into host tissues.. Jarvis and Shdemakef (1978} likewise
demonstrated the importance of such wounds for the penetration of

F. oxysporum into tomato plants. Chatterjee (1958) and Christou and
Snyder (1962) found that F. sclari f. sp. Eggéggli penetrated at the
points of emergence of roots and that initial disease symptoms involved

a discolouration of the tissues at these sites.
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Roof'apices, in addition to the region of secondary root emergence -

: hgve been shown to be frequent sites fbr.hyphalvpenetrétion into host

tissues (Scott3 1965). Christou and Snyder (1962) reported that the

hypocoty] jé penetrated‘eas{1y due to the presence of stomata and

Bywater's (1959) observations with F. solani f. sp:.giéi indicated that

. stomatal entry Was the most common mode'of penetration., However,

_ these reﬁorts are at variance with Chatterjee's (1958) observétions

of only ;ccasiona1 étbmata1'penetration‘at soil Tlevel.
Seedliqg;-inocu1ated with Isolate 82A, in aseptic culture were

severely stunted and the pathogen was successfully recovered from all

of the sites chosen for'reiso1ation. However, 13 reisolations from,.

82A infected seedlings gfowing in ﬁésteurized 5611, it was not possible

.to isolate the fungus from the shootlapéx and similarly with field-

growﬁ seéd]ings, tﬁis‘iso1ate was recoverable only fr;m diseased roots °

and from the 1ower'portion of the stem. When stems were dissected,

discolouration of thé vascular ‘tissue was observed but this extended

only 1-2 cm beyond the root-stem transition zone. Jarvis and Shoemaker

(1978) in their investigations of a foot and root rot disease of field

and greenhouse tomatoes noted that F. oxysporum could not be isolated™" N

from beyond this zone of discolouration. Ngimerr(1944) described a

similar response with F. OXYSporum f. sp. radicis-lupini, éhe pafhogen
responsible for an observed foot and root rot of Tupines ié the United
States of America. _

Most pathogenic forms of F. oxysporum inc]udiﬁg all isolates
previous1& recovered from diseased lentils produce a vascular wilt in

host plants (Smith, 1975)}. A wilt disease, as defined by the Federation
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of British Plant Pathologists (1973) is characterized by a Toss of
turgidity and col1aose of leaf tissue resufting foom Vhscular:iﬁfection
by the pathogen. Vasudeva and Srinjvason (1952) in their descriotion of
a disease of ‘lentils caused by F. xzsgorum noted that initial Symptoms
1nv01ved curling of the leaf tissue at the lower end of the ptant which
" then spread acropetal]y; followed by drooping of the crown and death of
the plant and as is typical of most wilt diseases, the fungus was re-
_ coverab1e froht a1l portions of the shoot including the apex. ,)fn addition,

in greenhouse and field exper1ments, they observed that at the end of

athOQEHESTS, the root system was poorly deve1oped and discoloured with

prol otIon of_secondary roots 1n7the prox1ma1-portjons of the tap root.
Pennypacker and Nelson (1972) suggested that root discolouration in
lassociaoion-with wilt disease caused by Fusarium spp. may be due to the
presence of secondary organisms in the environment.

In the present investigation, root rot symptoms were produced by
‘fﬁ oxysporum, Iso1ate,82A,~in aseptic culture. These differed only
marginally from those produced by the root rot pathogen, F. solani
(Isolate 196A) and often they were-more severe. In pot trials, F. |
roseum 'Avenaceum’ produced wilt symptoms in Tentils and these d1ffered
from symptoms produced by Isolate 82A under the same conditions. Isolate
82A cawsed a progressive chIorosis of the Teaf tissue and the root
system was reduced in size and di ﬂo]oured. Wilt symptoms were not
produced by this isolate. fn aseglic cuIture and in pasteurized soil
the root damage caused by F. rggggm_'Avenaceum was less severe then

that produced by Isolate 82A and more typical of a true vascular wilt

disease (McLean and Walker, 1941).
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A cohparison of the pathogenicity of three isolates of F. oxysporum
to Tentil seedlings showed that fso]ate 82A was more vtru]eht than ..
Isolates 0-670 and w-z However, Isolate 0-670 which was.recovered
from d1seased 1ent11s in South Amer1ca produced similar symptoms 1n pot
trials and in aseptic culture to those of Isolate 82A A compar1son of
their cultural. charactertst1cs on PSA further substanttated the view
that they were essent1a11y 1dent1caT a]though the range in size of-%he
macroconidia produced in cu]ture by Isolate 0-670 was ‘greater than for'
Isolate 82A. It is prdbab]e that these two isolates are in fact the
same and that this strain may have been 1ntroduced into the Ottawa area
on’ seed of uncertain or1g1n that was obtained from a local health food
.store and planted on the Central Exper1menta1 Farm in the summer of
1979 (C Nozzo1111o, personal communication). Kan aiyan and Nene (T§72)
and Ujevic et al. (1965) have reported that_Fl oxésgorum can be seed-
borne on lentils and Nath et.aT (1970) have emphasized the importance

of seed-borne 1nocu1um as a.means of introducing a pathogen into new

areas. Futrell (1972) has attributed the early spread of He1m1nthosp0h-
ium maydis into new areas to seed-borne inoculum.

A mixed ihocu]um obtained from the two most virulent isolates
recovered from soil (F. oxysporum, Isclate 82A and F. solani, iselate
196A} wgs'tested for pathogenicity to lentil seedltngef'-Viruience of
this interspecific mixture was intermediate between-the results obtained
-With F. oxysporum, Isolate 82A, alone and with E. solani, Isolate 1964,
alone. - These reSu]te‘indicate that there is the possibility of mutual

: 0
antagqnism between these species Arsvoll (1976) demonstrated a mutua]

~

antagonism between isolates of Typhula 1sh1kar1ens1s and T. 1ncarnata

-

which he attributed to the production of sta11ng substances or metabolites
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which may be mutually inhibftive towthe different iso]atesé;agebeed
. (1975) mixed pathogenic isclates of the ‘1ow temperature bas1d1omycete
and noted .that there was a reduction in the pathogen1c1ty of thws
mixture to a1fa1fa' In add1t10n, he observed that there was a decrease *
in the mycelial we1ght of the m1xture when grown in culture tbgether
than if the-1so1ates were grown 1nd1v1dua11y. |
The production of toxic metabolites by F. xxsgorum as well as
other: fungi has been noted by Pringle and Scheffer (1964). Due to the
'rap1d progression of d1sease symptoms in seedlings inoculated with
IsoTate 82A, the poss1b1e 1nyo1vement of a phytotox1c compound was
. suspected. Seed11ngs 1ncubated in 4-and 12- day old sulture filtrates
of F. ‘oxysporum, IsoTate 82A produced d1sease symptoms that were

similar to those produced by myce11a1 or conidial suspens1ons of this

" fungus. " Differences in symptom devejopment were not observed with the
S R\

of fusaric acid during the first 16 days of incubation following which
time, Tevels increased dramatically. In similar observations; Sharma
. ahd Agnihotri f1971) noted that toe Tonger the fungus was grown in
cu1ture, the shorter the period required ‘-by the f11trate to prdﬂhce
w11t symptoms in Tentils.

L. A cyto]og1ca1 examination of the‘mode of penetration andanb-
sequent deveTopment of this .pathogen in Tentil root tissues revealed
that F. xzsgorum Isoiatel82A was primarily an intercellular corticatl
parasite. InitiaI-penetration of hgst tissues by the thogen seen
eigot hours following inoculation was direct without p:?:) formation of 7

o - o / , )
o A
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. a true appressorial structure. This pbeervation supports previous
studies.pf Christou and Snyder (1962), Chi et al, (f964),A1conero ﬁ1968),
_ Kamel et al.,. (1973), and Tippett e et al. (1977). Freqaent1y, however,
germ tubes contiguous with an ep1derma] cell wall became swollen thus
-E%S?’%‘ resemb11ng appressoria although they were not de11m1ted by a septum.
ek Tippett et al. (1976)f1nthe1r1nvest1gat1on of the prepenetration

. behavior of Phytophthora cinnamomi have implied that these swellings

are formed when the outer ep1derma1 ce11 wa11 1mpedes elongation of the
germ tube. Her view is based upon the observat1 n that no swe111ngs are
formed when a germltube;penetrates between epidermaT cells, this being
a less resistant mode of entry for tﬁe pathogen.
o The zone of qe11a1ar elongation, in lentil roots located 0.5 -
7 mm behind the root apex, was the most*susceptible to Isoclate 82A and
“this observation is in aéreement.with the reports of Smith and Walker
(1930), Pennypacker and.Nelson (1972), and Tippett et al.(1976). The
AsusceptibiTity of this aFea‘may be attributable to the low levels of
-pectin, cellulose, and other cell wall components presenf in the
’ ‘tissuee of-this zone (Scott, 1965). 1In addition, the amount of space
/,/~;’ avai1ab1e for proliferation of the pathogen and the availability of
nutrients may be g}eater'fn this area than in the root apex or the’
root hair aone‘(Christou and Snyder, 1962).
The cytoplasm of cells adjacent to a fungal hypha often appeared
- granulaf and at times there was p{asmp]ysis of the cellular contents
prior to hyphal penetration. Tippett et al. (]977),jn explaining

the collapse of cells in roots of Eucalyptus obliqua, ‘in advance of

the invading hyphal front have suggested that production of a diffusible

toxin by the pathogen may be responsible. -In ,support of this view,
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Hanchey and Wheeler(1973) observed cell wall- plasmolysis in oats

treated with victorin, the toxin produced by Helminthosporium haydisﬁ

¢

Following direct penetration1 hypgée of Iso1aﬁé 82A grew through
the midd1é lamella of adjacent epgderma1 tells and down into the cortex.
" The pathogen grew profu§§1 ~tf the first intercellular space encountered
and from there it invaded the qortex intercellularly. After the .
cortical cells became degraded, intracellular growth of the fungus
‘was also apparent. Christou and Snyder (1962), Chi et al., (1964),
Kamel et al., (1973), and Tippett et al., (1976) have reported that
cortical invasion of Fusarium is initially intercellular, only. Chi

t al., (1964) in their comparative'fnvestiéatiOn oflthe penetration

and development of F. sdTani, F. oxysporum, and F. aveénaceum in affalfa

and red clover ‘roots demonstrated that these three Fusarium spﬁ.
differed in the extent of the invasion of host tissues, They reported
that F. solani was reQE;icted primarily to the epidg%ma] and cortical
tissues whereas F. avenaceum an& F. oxysporum wefe abundant in the -
stele. Alconero (1968) in his study of the root rot of vanilla ‘
caused by F. oxysporum f. sp. vanillae observed the presence of thié\
fungus in:theibascu1ar tissues and similar results were repcrted by
Pennypacker and Nelson (1972) with F. oxysporum f. sp. dianthi. Isolate
82A was not observéd within the Xy1em tissue even though pro]iferatién
throughout the cortical tissues was extensive. Iﬁ tissues examined

72 hours following inoculation, large cavities were visible in the

xylem parenchyma and there is evidence that this cg11 disintegration

prior to the presence of hyphae in the-tissues may result from the

-production of pectinases by F. oxysporum (Albersheim et aT., 1969;
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. Pennypacker and Nelson, 1972),

The causal agent of a root-rot of lentils observed under field

conditions has been identified as Fusarium oxysporum. AlthOUgh this

Fusarium species fis typ1ca11y a vascular wilt pathogen, it has been

observed to produce, root rots of van111a (Alconero, 1968), 1up1nes'

(Weimer, 1944), tomato (Jarvis and Shoemaker, 1978), as well as of

. Pine and douglas fir seediings (Smith, 1975 and Bloomberg, 1976,

rgSpéctive1yJ. In the.present study, wifting of fhe leaf tissue

was not obserQed in aseptic culture, in pasteﬁrized soil, or under
field conditions. However, the root systems of infected plants were
poorly developed and discoloured. Cytological examination of the‘
root tissues revealed extensive po11ferat1on of this fungus 1n the
cortical cells but failed to confirm its presence within the stele.

1t appears theh, that this strain of F. oxysporum is different frbm

" F. oxysporum f. sp. lentis, the lentil wilt pathogen reported from

<

Asia, Europe, South America and the United States of America.

kN

-

-



¢

REFERENCES

-

Abawi, G.S., and J.W. Lorbeer. 1671. Pathological histology of four T %
onion cultivars infected by Fusar1um oxysporum f. sp. cepae. - ' :
‘. Phytopathology 61: 1164 1169, _ ‘

Ainsworth, G.C. 1971. Ainsworth and Bisby's dictionary of the fungi.
6th ed. Commonwealth Mycological Institute, Kew Surrey, England.
663 pp.

Albersheim, P., F.M. Jones, and P.D. English. 1969. Biochemistry of
the cell wall in relation to infective processes. Ann. Rev.
Phytopathol. 7: 171-194,

Alconero, R. 1968, Infection and development of Fusarium exysporum
f. sp. vanillae in vanilla roots. Phytopathology 58: 1281-1283.

Anderson, M,E. and J.C. Walker. 1935. Histological studies of
_Wisconsin Hollander and Wisconsin Ballhead cabbage in relation
© to resistance to yellows. J. Agric. Res. 50: 823-836.

Anonymous. 1934. Annual Report, Dept. Agriculture Bengal. 1933-34: 51,

Armstrong, G.M., and J.K. Armstrong. 1948. Non-susceptible hosts as
carriers of wilt Fusaria. Phytopathp1ogy 38: 808-826.

Armstrong, G.M., and J.K. Armstrong..1973. Reflections on the wilt-
Fusaria. Ann. Rev. Phytopathol. 12: 95-103.

0 : . .

Arsvoll, K. 1976, Mutual antagonism between isolates of Typhula
ishikariensis and Typhula incarnata. Meld, Norg. lLandbrukshogsk.
55(19): 1-6. I : .

Il

‘Banihashemi, Z., and D.J. deZeeuw. 1975. The behavior of Fusarium _ ‘
oxysporum f. sp. melonis in the presence and absence of host
plants. Phytopathology 65: 1212- T217

Bgrron, 6.L. 1971. Sci fungi. Pages 405-427 in Booth €.A., ed .
Methods in microbiology, Vol. 4. Academic Press, London 795 pp. -

.Baru11na, . 1930. Lentils of the U.S.S.R. and of other countries.
Bull. Appl. Bot. Genet. P1. Breeding Suppl. 40; 1-319. -

Bhatty, R.S. and“d.E. Slinkard. 1979. Composition, starch properties
and protein quality of lentils. J. Inst, Can. Sci. Technol.
‘Aliment. 12(2): 88-92.

Bloomberg, W.J. 1976. Distribution and pathogenicity of Fusarium —
oxysporum in a forest nursery soil. Phytopatholagy 66: 1090-1092.

Bolton, A.T., and V.W. Nuttall. 1968. Pathogenicity studies with
Fusarium poae. Can. J. Plant Sci. 48: 161-166.

152



153

L3

Booth, C. 1971. The genus Fusarium. Commonwealth Mycological Institute,
Kew, Surrey, England. 237 pp. :

.

Booth, C. 1977, Fusarium - Laboratory guide to the identification of

the major species. Commonwealth Mycological Institute. Kew, Surrey,
. England. 58 pp.

Bywater, J. 1959, Infection of peas by Fusarium solani ver. martii

forma 2 and the spread of the pathogen. Trans. Brit. mycol. Soc. 42:
2001-212, . '

»

Caldwell, R. 1958, Fate of spores of Trichoderma viride Pers. ex. Fr.
introduced into soil. Nature {London) 187: 1144-1145.

Carrera, C.J.M., 1940. The genus Fusarjum in the Argentina Republic. II.
Study agd systemic classification.” Revta argent. Agron. vii,
4. 277-296. ‘

Carrera, C.J.M. and W. Noll. 1941. La importancia de algunas especies de
"Fusarium" en el pietin y marchitamiento de "Lupinus albus", "L.
augustifalius" "Lens esculenta" en el Uruguay. Anales de la
Sociedod Cientifica Argentina 131(4): 152-184, 131{5): 185-211.

Chambers, H.L. and M.E. Corden. 1963, Semeiography of Fusarium Wwilt of
tomato. Phytopathology 53: 1006-1010. '

Chatterjee, P. 1958, The bean root rot complex in Idaho, Phytopatho]ogy
48+ 197-200. ®

Chi, C.C., W.R. Childers, and E.W. Hanson. 1964. Penetration and sub-
sequent development.of three Fusarium species in alfalfa and red
clover. .Phytopathology 54: 434-437. -

. Christou, T., and W.C. Snyder. 1962.. Penetration and host-parasite
relationships of Fusarium solani f. phaseoli in the bean plant.
Phytopathology 52: 219-226. '

Clark, F.E. 1965. Agar-plate method for total microbial count. Pages
1460-1466 in Black, C.A., ed. Methods of soil analysis. American
Society of Agronomy, Inc., Madison. 1572 pp.

_Claudjus, G.R. 1968. Studies on the wilt disease and root rot disease
of Lens culinaris (Fusarium oxysporum f. sp. lentis and Sclerotium
rol¥sii). Ph.n. Thesis, Univ. of Saugar, Saugar.

Claudius, G.R. and R.S. Mehrotra. 1973. Wilt and root rot diseases of
lentil (Lens esculenta) at Saugar. Indian Phytopath. 26: 268-273.

Coﬁant, G.dr 1927, Histological studies of resistance in tobacco to
. Thielavia basicola. Am. J. Bot. 14: 457-480.

Cook, R.J. 1968. Fusarium root and foot rot of cereals in the Pacific
Northwest. Phytopathology' 58: 127-131.



154

Davis, D. 1963. Investigations on physio]ogy of selective pathogenicity
in Fusarium oxyspor'um in test tube culture. Phytopatho1ogy 53:
133-139,.

Duczek, L.J.,; and J.A. Buchan. 1978, The effect of cyptan seed treat-
: .ment on emergence, RhizoBtum nodulation and yield of lentils.
Pesticide Res. Rept., Agric. Canada, Ottawa. &4 443,

Proc.

Dunleavy, J. 1961. Fusarium bl%gﬁt of soybeans. Iowa Acad. Sci.

68; 106-113,
F.A.O.‘1978. Production Yearbook 1978, 32: 125.

Federation of British Plant Pathologist. 1973. A quide to the
in plant pathology. Phytopath. Pap. Nc. 17. 55 pp.

e of terms

Fleischmann, G. 1963. Studles on the wilt of peas caused by Fusarium
oxysporum Schl. f. pisi (Linf.) S. & H., race 1. <Can. J. Bot.
41: 1569-1584. :

F]emschmannS/ -1937. Observations on lentil wilt. Pflanzenbau, XIV,
2: 49-8¢, ;

French, <E.R., and L.W. Nielson. 1966. Production of macroconidia of
-Fusarium oxysporum f. batatas and their conversion to chlamydo-
spores. Phytopathology 56: 1322-1323,

Futrell, M.C..1972. New .concepts in chemical seed treatment of agronomic
"~ crops. J. Environ, Quality 1: 240-243..

Garofalo, F. 1960. Researches on the biopathological characters of three
species of Fusarium isolated from eggplants affected by wilt in
Piedmont. Rev. appl. Mycol. 39: 144,

Garrett, 5.0. 1970. Pathogenic root-infecting fungi. Cambridge University
Press, Londqn. 294 pp.

Gordon, W.L. 1952. The occurrence of Fusarium species in Carnada. II.
Prevalence and taxonomy of Fusarium species in cereal seed. Can.
J. Bot. 30: 209-251.

Hahchey, P. and H. Wheeler. 1969. Pathological changes in ultrastructure;
false plasmolysis. Can. J. Bot. 47: 675-678.

Hendrix, F.F., Jr., and L.W. Nielson. 1958. 1Invasion and infection of
crops other than the forma suscept by Fusarium oxysporum f. batatas
and other formae. Phytopathology 48: 224-228, :

Hepple, S 1963. _Infection of pea plants by Fusarium oxysporum f. sp.
pisi in naturaily infested soil. Trans. Brit. mycol. Soc. 46{4):
585-594, ‘ i

¢ y




5y

155
. A -
o e
Hoagland, D.R., and' D.I. Arnon. 1938. The water-culture method for
growing plants without soil. Univ. Calif. Agr. Expt. St . Circ. 347,

Houston, B.R., and P.F. Knowles. 1949, Fifty year survival of flax.
Fusarium wilt in the absence of flax culture. Plant Dis. Reptr.
33: 38-39. ;o

Hussein, M.A., M.S. Abdel-Raouf, A.A. Ibrahim, and M.W.A. Hassan. 1977.
Influence of sowing and harvesting dates on yield and its components
of lentil (Lens esculenta Moench). ‘Egypt J. Agron. 2: 221-227.,

India. 1962, Council of Scientific and Industrial Research. Lens. Wealth
of India. Raw Materials, L-M. 6, New Delhi. 60-66.

Isaac, I., and J.A.C. Harrison. 1968. The symptoms and causal agents of
early dying disease (Verticillium wilt) of potatoes. Ann. appl.
Biol. 61: 231-244, '

Jarvis, W.R., H.J. Thorpe, and B.H. MacNeill. 1975. A foot and root rot
disease of tomato caused by Fusarium oxysporum. Can. Plint Dis.
Surv. 55:; 25-26.

darvis, W.R., and R.A. Shoemaker. 1978. Taxcnomic status of Fusarium
oxysporum causing foet and root rot of tomato. Phytopathology 68:
T679-1680. o

Johansen, D.A. 1940. Plant microtechnique. McGraw-Hill Book Company.
New York. 523 pp. ‘ 3 -

Johnson, L.F., and E.A. Curl. 1972, Methods for research on the ecology
of soil-borne plant pathogens. Burgess Publishing Company.
Minneapolis. 247 pp. -~ ) :

Kadow, K.J., and L.K. Jones. 1932. Fusarium wilt of peas with special
reference to dissemination~Washington State College, Agr. Exp.
Sta. Bull. 272. - 30 pp. '

Kaiser, W.J. and G.M. Horner, 1980. Root rot of irrigated lentils in
Iran. Can. J. Bot.‘SS: 2549-2555p, . .

_Kahe], M., M.N. Shatla, and M.Z. E1 Shanawani. 1973. Histopathological
studies on hypocotyl of Tentils infected with Fusarium sqlanft. v
Zeitschrift Fuer Pflanzenkrankheiten und Pf1anz¢nschutz. 80; 547—550._

Kannaiyan, J. and Y.L. Nene. 1972. In fungicide-nematicide tests. Amer.
Phytopath. Soc. 28: 138,

Kannaiyan, J., and Y.L. Nene. 1975. Note on the efféct of sowing dates
on the reaction of twelve lentil varieties to wilt disease.
Madras Agric. J. 62(4): 240-242. '

Katan, J. 1971. Symptomless carriers of the tomato Fusarium wilt pathogen.
Phytopathology 61: 1213-1217.



s

156

o

Khare, M.N., H.C. Sharma and S.C. Agrawal. 1971. ‘Studies on wilt of
lentil. Ann. Rept. 1970-71, J.N.K.V.V. Jobalpur, M.P., India.
59 pp. < ' *

Khare, M.N., S.C. Agrawal and L.S. Kushwaha. 1972. Studies on wilt of
lentil. 8th All. India Pulse Research Workers Workshop.

Kommedahl, T. 1966. Relation of exudates of pea roots to germination

* of spores in races of Fusarium oxysporum f. pisi. Phytopathology
56: 721-722.

Kevacilova, E. 1970. Seed treatment on Tentil and pea against some

fungal diseases. Ochr. Rost., 6: 117-126.

Kreitlow, K.W., and R.G. Hanson. 1950.  Role of Fusarium in loss of red
clover’'stands. Phytopathology 40: 16 (Abstr. '

Ladizinsky, G. 1979a. The origin of Tentil and its wild genepoo1
Euphytica 28: 179-187.

Ladizinsky, G. 1979b. The genetics of several morphological traits in
the lentil. J. Hered. 70: 135-137. .

Lawrence G.H.M. 1966. {\Rbnomy of vascu1ar plants. MacMillan, New York.
545 pp.

Lebeau, J.B. 1975. Antagonism between. isolates of a snow mold pathogen,
Phytopathology 65: 877-880.

Lim, G. 1972. Fusarium populations of intensively cultivated 50115
Trop. Agric. {Trinidad) 49: 77-80.

Lin, Y.S. 1975, Fusarijum root rot of lentils in the Pacific Northwest.
M.S. Thesis. Washington State University, Pullman. 60 pp.

Lin, Y.S. and R.J. Cook. 1977. Root Rot of lentils caused by Fusarium
roseum 'Avenaceum'., Plant Nis. Reptr. 61: 752-755.

Lin, Y.S. and R.J. Cook. 1979. Suppression of Fusarium roseum 'Avenaceum'
by soil microorganisms. Phytopathology 69: 384-388.

Linford, M.B. 1231, Studies of pathogenesis and resistance 1n'pea wilt
caused by Fusarium orthoceras var. pisi. Phytopathology 21: 797-826.

Luft, J. 1961. Improvements in epoxy resin embedding methods. J. Biophys.

Biochem. Cytol. 9: 409-414.

Maitra, A., D. Bandyopadhyay, and A.K. Sinha. 1976. An analysis of some
responses .of pigeon pea plants to infection with Fusarium oxysporum

f. sp. udum. Zeitschrift Fuer Pflanzenkrankheiten und Pflanzenschutz,

82(12): 742-747.




Manitgbii 1213.‘_Lenti1 producticn in Manitoba. Manitoba Dept. of Agric.
ubl. . '

Mathur, B.N. and ‘A.L. Deshpande. 1968. Collar rot of lentil. Indian
Phytopath. 21: 455-456. o :

McClure, T.T. 1950, Anatomfca]raspects of the Fusarium wilt of sweét.
potatoes. Phytopathology 40: 769-775. '

McKeen, C.D., and R.N. Wensley. 1961.  Longevity of Fusarium oXxysporum
in soil tube culture. Science 34: 1528-1529. -

McKenzie, D.L. and R.A.A. Morrall. 1975. Diseases of specialty crops
in Saskatchewan: II. Notes on field pea in 1973-74 and on.entil
in 1973, Can. Plant Dis. Surv. 55: 97-100. _
. 4
Mclean, J.G., and J.C. Walker. 1941. A comparison of Fusarium avenaceum,-
F. oxysporum, and F. solani var. eumartii in relation to potato
wilt in Wisconsin. J. Agr. Res. 63: 495-525,

%

Mehrofra, R.S., and G.R. Claudius. 1972. Biological contrb] of the
root rot and wilt diseases of Lens culinaris Medic. Plant and

~ Soil 36: 657-664. 5 \“
Mishra, D. and G.C. Rath. 1975. Alternaria blighf of lentil. dian

— J. Mycol. Plant Path. 5: 211.

Morrall, R.A.A., J.W. Sheppard. 1981. Ascechyta blight of Tentils in
western Carada: 1978 to 1980. Can. Plant Dis, Surv. 6111, 7-13.

Mussell, H.W., and R.J. Green, Jr. 1970. Hcst'folonization and poly-
galacturonase production by two tracheomycotic fungi. Phyto-
pathology 60: 192-195.

Myalova, L.A. 1973. Fusarium wilt of lentil. Zashch. Rost. Vredit.
Bolez. 4: 53.

Nash, Shirley M., T. Christou, and W.C. Snyder.*1961. Ex*stence of
Fusarium solani f. phaseoli as chlamydospores in soil. Phytopatho-

Togy o1: 164-T68.

Nash, $.M. and W.C. Snyder. 1962. Quantitative estimations by plate
counts of propagules of the bean root rot Fusarium in field soils.
Phytopathology 52: 567-572. '

”

Nath, R., P. Neergaard, and S.B. Mathur. 1970. Identification of
Fusarium species on seeds as they occur in blotter test. Proc,
Tnt. Seed Test. Ass. 35: 121-144.

Padwick, G.W. 1941, Report of the Imperial mycologist., Sci. RE?L Agric.
Res. Inst., New Delhi. 1939-40: 94-101.

pakistan. 1963. Food and Agriculture Council. Ministry of Food qnd Agri-
culture. Cultivation of Lentils called the poor man's meat in
Pakistan. Agric. Ser. Leafl. 11. Karachi, 5 pp.



158

Papavizas, G.C. Evaluation of various media and antimicrobial agerts
for isolation of Fusarium from soil. Phytppathology 57: 848-852.

Papp, E. 1980, Drawings of Lens culfnaris ssp. macrosperma and L, C.
ssp. microsperma. LENS 7: 1-3. _

Park, D. 1955. Experimental studies on the e¢o1ogy of fungi in soil.
Trans. Brit. mvcol. Soc. 38: 130-142.-

i B T
Park, D. 1965. Survival of micrsgrganisms in soil. Pages 82-98 in

Baker, K.F. and W.C. Snyder, eds. Ecology of soil-borne p]aﬁf .
pathogens - prelude to biological control. University of California

Press, Berkeley.

Parkinson, D., T.R.G. Gray, and S.T. Williams, eds. 1971. Methods for
studying the ecology of soil micro-organisms. I.B.P. Handbook 19.
Blackwell scientific pub11ca;fons. Oxford. 116 pp.

Pavgi, M.S. and R. Upadhyay. 1967. Root rot’.disease of lentil in
Uttar Pradesh. Sci. Cult, 33: 75:76. :

Penny;}acker3 B.W., and P.E. Nelson. 1972, Histopathology of carnation
égfect1on with Fusarium oxXysporum f. sp. dianthi. Phytopathology
.62: 1318-1326.

Pringle, R.B., and R.P. Scheffer. ¥ 964. Host-specific plant toxins.
Ann, Rev. Phytopath. 2: 133-156.

Prissyajnyuk, A.A. 1931. Contributions to the study of fungous diseases
of field crops in the Lower Volga Region. Plant Protection,
Leringrad, VII, 4-6: 323-331.

Purseglove, J.W. 1968. Tropical Crops. DicotyTedons: J.M. Arrowsmith,
Bristol (Great Britaing. 719 pp.

Rayner, R.W.A. 1970, A mycological colour chart. Commonwealth Mycologicat
Institute, Kew, Surrey, England. :

Reid, J. 1958. Studies on the Fusaria which cause wilt in melen. I.
Histopathological study of the colonization of muskmelon and
watermelon sqsceptib]g\gr resistant to Fusarium wilt. Can. J. Bot.
36: 393-410. -

| Renfrew, J.M. 1973. palaeosethnobotany. Columbia Univ. Press, New York.

Richardson, M.J. 1979. An annotated 1ist of seed-borne diseases, 3rd ed.’

Phytopath. Pap. 23, 320 pp.

Rishbeth, J. 1955. Fusarium wilt of banana in Jamaica. I. Some obser-
' vations on the epidemiology of the disease. Ann. Botany 19: 293-328.

Roberts, D.D., and J.M. Kraft. 1973, Enumeration of Fusarium oxysporum
f. pisi race 5 propagules from sotl. Phytopathology 63: 765-753.

=



¥ 159

Robinson, R.G. 1975. Pulse or grain 1egume crops for Minnesota Minn.
Agr. Expt. Sta. Bull. 531. 1@ pp o

Saint~Clair, P.M. 1972, Responses of Lens esculenta Moench to controlled
environmental factors. H. Veenman & Zonen N.V. Wageningen. 84 pp.

Schroth, M. N. and W.C. Snyder. 1961. Effect of host exudates on .fo.
ch1amydospores of the bean root rot fungus, Fusarium solani f.
phaseoli. Phytopathology 51: 389-393.

Schroth, M.N. and F.F. Hendrix, Jr. 1962. Influence of nonsusceptib]e
plants on the survival of Fusarium solani f. phaseoli in soiT.
Phytopathology 52: 906-909.

Schroth, M.N., T.A. Toussoun, and W.C. Snyder. 1963. Effect of certain
constitutents of bean exudate on germination of chlamydospores of
Fusarium solani f. phaseoli in soil. Phytopatho]ogy 53: 809-812.

Scott, F.M. 1965. The anatomy of plant roots. Pages 145-153 in Baker,
K.F. and W.C. Snyder, eds. Ecolegy of soil-borne plant pathogens -
prelude to biological control. University of California Press,
Berkeley.

Sharma, K.B. and J.P. Agn1hotr1 1971. Influences of nutrition and pH
- on growth and sporulation of Fusarium orthoceras var. lentis.
Indian Phytopath. 24: 553-556. .

Shatla, M.N., M. Kamel, and M.Z. E1 Shanawani. 1975. Cultural practices
and fungicides for control of lentil root rot-in Egypt. F.A.O.
Plant Protection Bulletin. Pages 174-177.

Sinclair, J.B., and M.C. Shurtieff, eds. 1975. Compendium of soybean
diseases. The American Phytopathological Society. St. Paul. 69 pp.

STinkard, A.E. and R.S. Bhatty. 19%9. Laird Lentil. Can. J. Plant Sci.
59: 503-504.

Slinkard, A.E. and B.N. Drew. 1980. Lentil production in western Canrada.
Agric. Sci. publ. n.p. '

Slinkard, A.E. 19§b. Eston, a new sma1¥-seeded Tentil cultivar.
LENS 8: 30. > ,

Slinkard, A.E. and B.N. Drew. 1981. Lentil production in western Canada.
LENS B: 4,

Smartt, J. 1976. Tropical pulses. Longman, London. 348 pp.
Smith, R., and J.C. Walker. 1930. A cytological study of cabbage pf%nts

in strains susceptible or resistant to yellows. J, Agric. Res. 41:
17-35.



160
Smith, R.S., Jr. 1975. Fusarium root diseases. Pages 9-10 in Forést‘

Nursery Diseases. U.S.D.A.“Agric. Handb. 470.

Smith, Shirley N. 1970. The significance of populations of pathogenic
fusaria in soil. Pages 28-30 in Toussoun, T.A., R.B, Bega, and -

-P.E. Nelson, eds. Root-diseases and soil-borne pathogens University

of Ca11f0rn1a Press, Berkeley. 252 pp.

Snyder, W.C. and H.N. Hansen. 1940. The species concept in Fusarium.
Am. J. Bot. 27: 64-66- -

Stover, R.H., and B.H. Waite. 1954. Colonization of banana roots by
' Fusarium oxysporum f. cubense and other soil fungi. Phytopatho1ogy
44 689-693, : )

Tippett, J.T., A.A. Holland, G.C. Marks, and T.P. 0'Brien. 1976. .Pene-
tration of Phytophthora cinnamomi into disease tolerant and
susceptible eucalypts. Arch. Microbiol. 108: 231-242.

Tippett, J.T., T.P. 0'Brien, and A.A. Holland. 1977. Ultrastructural
changes in eucalypt roots caused by Phytophthora cinnamomi.
Physiol. Plant Pathol. 11: 279-286.

Tisdale, W.H. 1917. Flax wilt: a study of the nature and inheritance
of wilt resistance. J. Agric. Res. 11: 573-605.

Toussoun, T.A., and W.C. Snyder. 1961. Germination of chiamydospores
of Fusarium solani f. phaseoli in unsterilized soils. Phyto-
pathology 51: 620-623. .

Toussoun, T.A. and P.E. Nelson. 1968. A pictorial guide to the identi-
fication of Fusarium species. The Pennsylvannia State University
Press, University Park. 51 pp.

Trujillo, E.E., and W.C. Snyder. 1963. Uneven distribution of Fusarium
' oxysporum f. cubense in Honduras soils. Phytopathology 53: 167-170.

Tuite, J. 1969. Plant pathological methods-fungi and bacteria. Burgess
-Publishing Company. Minneapolis. 239 pp.

Ujevic, I., E. Kovacikova, and B. Urosevic. 1965. WBotrytis parasitica
and Fusarium oxysporum as dancerous paras1tes of lentil.
PoTnohospodarstuo 17: 584-594,

Vasudeva, R.S. and K.V. Sr1nivasanl 1952. Studies or the wilt disease
of lentil (Lens esculenta M.). Indian Phytopath. 5: 23-32,

Vavilov, N.I. 1949, The oriéin, variation, immunity and breeding
of cultivated plants. Chron. Bot. 13: 1-6. -
. -~ .
Waller, R.A., and D.B, Duncan. 1969. A bayes rule for the symmetric
multiple comparisons problem. J. Amer., Stat. Assoc. 64:,1485-1503,

\



7

S 16

Watson, R.D. 1960. Soil w&shfng improves the value of the soil dilution
and the plate count method of estimating papulations of soil fungi.
Phytopathology 50: 792-794. ' ,

Weimer, J.L. 1944. Some root rats and a foot rot of lupines in the =~ .
‘southeastern part of the United States. -J. Agric. Res. 68: 441-547,

Nens]ey,rR.N.;Uand C.D. McKeen. 1963. Popu1atibns of Fusarium oxysporum f.
- melonis and their relations to the wilt potential of two soils..
Can. J. Microbiol. 9: 237-249. .

Wilson, V.E. and J. Brandsberg. 1965. Fungi isolated from diseased
lentil ;eedings in 1963—64.. P1. .Dis. Reptr. 49: 660-662, -

Wilson, V.E., K.J. Morrison, and F.J, Muehlbauer. 1971. Tekoa lentil
‘and its culture. Wash. Agr. Ext. Cir. 375 n.p.

Wollenweber, H.W. and 0.A. Reinking. 1935. Die Fusarien. Paul. Parey,
- Berlin. 355 pp.

Youhgmann V.E. 1968. Lentils -~ A pulse of‘the Pa1ou§e. Econ. Bot.
22: 135-139. . ' ‘ . )

Zentmyer, G.A. 1970. Tactic responses of zoaspores of Phytophthora.
Pages 109-111 in Toussoun, T.A., R.V. Bega, and P.E, Nelson, eds.
Root dieases and seil-borne pathogens, University of California
Press,. Berkeley. 252 pp. -

Zohary, 'D. 1972. The wild progenitor and the place of origin of the
cultivated 1enti1. Lens cullnaris. Econ. Bot. 26: 326-332.

Zohary, D. 1976. Lentil. Pages 163-4 in N.W. Simmonds, ed. Evolution
of crop plants. Longmann, Londpn. 339 pp.

1

b



'
" .
L] . L
-
- -
.
- <
. 5 .
&3 .
.
+ .
2
-
i 0
- 3
T
.
o “
T o L. . .
] 6 . . -
-
-l
- -
R .
i
& . -
- A
L .
. t
. - ¢ T
- LI .
. -
* o t -|. .
% I ot
#
1)



po

- ‘ : - " APPENDIX.

Weather “summary, Central Experimental Farm, Ottawa.

Data compiled and summarized by Agrometeoro1ogy section -
Land Resource -Research Institute Research Branch

Canada Agrlcu]ture :

-

" Table 1.

Month of May, 1980

A

;? ' 22t ' Temperature (OC)
1980 1979  Average*
Mean maximum "19.2° 18.4 18.9
Monthly mean 13 7 13.4 12.7
Mean minimum 8.1 8.3 6.6
%
- Precipitation
e ' 4 . . 1380 1979  Average*
Total precipitation (mm) . . 52.4 101.2 70.0 °
Days of measurable rain 12 14 11
Total brightsunshine(h) . 273.5 208.8  231.5
N N - ) i
Month of June -
-
}
- Temperature (oC)
TéBO'_*1979 Average -
Mean maximum  21.6 23.8  24.3 |
Monthly mean 16.1 18,0 18.1 ‘
., Mean minimum 10.6 12.2 11.9.
¢ .
Precipitation :
o _ 2
v 1980 1979 . Average ‘
Total. precipitation {mm) 60.8 97.8 82.8
Days ¢f measurable rain 17 17 R l
Total bright sunshine (h) / 234.5 274.4  250.5 i

: .

. _ . .

. ° '
- . . he
‘ . - : ' SN
" . . *
[ a’ .
» - ’
. . .
.
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© Month of July

»  Temperature (0C)
1980 1979 - Averarge
v . Mean maxihum 25.9 27.7. 26:7

Monthly mean 20.8 - 21.9 20.5
Mean minimum 15.7 16.0 - 14.3
; - Precipitation.
PN o ' - L e
Rk . 1980 1979 Average

Total precipitation(mm) 139.4 48.8  90.0
Days of measurable rain 22 13 11
Total bright sinshine (h)  256.6 299.4  275.6°

- Month of August - B
¢ ) | : ' Temperature (0C)

1980 1979 Average

Mean maximum 25.8. 23.3 25.6
Monthly mean 20.8 18.5 19.2
Mean minimum . 15.7 13.8 12.9

Precipitation ,
1980 1979 Av-er§g~e\'
Total precipitation (mm) 45.2 103.2  81.2
Days of measurdble rain - 14 16 11

Total bright sunshine (h) 246.4 232.2 249.0

-

-

% Average = 1890-1965

4

/—/,_\/, : ’ 4
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Table 2. Soil Test Report! ‘

. Merivale Field . . Neatby Field
soil texture : Toam=»silt loam = Toamssilt loam
Phosphorous excessive (77) excessive (83)
Potassium medium (120) high (144)
Magnesium medium (85) = . high _(135)
pH | 7.2 ‘ 7.3 7

1 | - S *

soil test values are enclosed in brackets. Soil test performed
by the Department of Land Resource Science 0.A.C.; University of
Guelph, Ontario and Ontario Ministry of Agriculture & Food.





