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I- :gr,œ.oDUCTIQN 

BaT 1a the most important crop in Q.uebec. According to 

the ammal. report of the Q.uebec Bureau of Statiatics for 1961, of a 

total cultiTated e.rea. of 7,864,176 acres in Qu.ebec, ),4,58,000 acres 

were in haT· The value of the ~ crop in 1961 waa ss.a percent of 

the value of a.ll field crops in the province. Binee alf'alfa, 

birdsfoot trefoil, red, a.lsike, a.ud ladino clovers are comi:nant in 

this ~ crop, their agricul.tural importance is apparent. This, 

together wi th the fact tbat som.e of the se forage legumes, mainl7 red 

clover and alfa.lfa, are the most common rotation cropa, led to the 

choice of these plants for stnay. 

~orage legumes are plagued with many diseases and environ

mental bazarda. Damage caused by a single di seaae or environmental 

condition ~. if severe enougn, affect the yield of ~ or aeed. In 

Quebec, these factors act ill auch a ma.nner tbat b7 the end of the 

second harvest year alfalfa, red clover, and birdsfoot trefoil fields 

have Just a part of their potential crops remaining. This reduction 

in the life of tb.ese plante 1s generalq attributed to 11w1nter killing". 

11W1nter killing" mavr actu&lly be due to a nwnber of factor a auch as: 

low temperature, root and systemic diaeases, or other factors • 

..lmong the important BJ'atemic diseases, Vertic1111um 1s 

one of the most destzuotive on alf'alfa in lllurope, but it is apparent-

17 not present in North .lmerica. 

These factors, together with the fact tbat Vert1cillium 

albo-e.trwa (Rei:nke & Berthold) was found associated with wilt of red 
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clover at Macdonald Oollege, Q,uebec, in 19.)8-1940 (42) empha.sizes 

the importance of investigating this disease. We need to know if 

the causal organ18D8of wilt are present; wq the diseaae ia not 

present, or if it ia present, wb7 ia it not important here; if 

Oa.nadian strains of Verticillium are the sam.e, or different, or more 

or lesa Tirulent than those of Burope; if Oanadian legume varieties 

are as susceptible, or more resistant than Jlaropean; and if our 

environment is lesa favorable to the growth of the pathogens and 

the development of the disease than in Burope. 

The problem bas be en tackled by ma1d.ng a surve7, looking 

for Vert1cill1um spp. on forages in Q.uebec. The isolates obtained 

were stwlied in cul ture and the ir host range determined. The etfects 

of host varieties and host age on susceptibilitr to wilt vere 

investigated. The effects of air temperature and soil moisture on 

severi tr of disease development ( SJ111Ptoms) and on growth of alfalfa 

shoots and roots were stu.died. 
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II- EJN'IliW Ol' LITJiBATOBE 

Richter and nink:owald (39), in GerDI8.ll1'. were the first 

to report a speciea of Verticillium causing wilt of alfalfa. TheT 

identified the f'un&u.a as !. albo-a.tzum (R. &: B.). llo turther 

mention of Ver~cillium wilt appeared in German reporta dealing vith 

alfalfa diseases until 1957 when Xiessig and Baller-Xiessig compared 

the symptoms 1Dduced on alfalfa bT !• al:bo-at;rwn infection wi th 

those produced bT l'u.aariUJ1 ap. and Copnebaeterium insidiosum (28). 

Wagner (54) eultured more tban 700 alfalfa root fragments on agar and 

found that nearl.7 7 percent vere attaeked bT !· albo-ayum. Wel tzien 

(55) made a BUr"f'e7 on alfalfa in Germa!lJ' and Switserland from 1954 

to 1956, and found that alfalfa plants vere attaeked from. S to 100 

percent, with an average of 50 percent. Re eoneluded that alm.ost 

total losa of the seed crop in parts of GerliiBJ:Il' was due to Vertic11lium 

and that it was not advisable to maintain an alfalfa crop for more 

than three Te&rs. 

Various reports indioate that Verticillium is of some 

importance in Denma.rk. Troubles on alfalfa erops were reported in 

the countrT. The troubles were investigated a.nd y. albo-at.rum was 

iaolated from wil ted alfalfa plants in 1941 and 1944. Rolme et al (19) 

reported that this tungu.s was found on Lolla.nd-.lalster Islands in 

1943. Ver~cillium wilt of alfalfa bas been reported from Denmark 

almost eTeey TUr to the present. Stapel (4?) mentioned that some 

7ears the diaease is serious, destro7ing large areas in fields, or 
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even entire stands, in a week or two during hot weather. 

According to an ano~ous report, Verticillium was 

isolated from 3-79ar-old alfalfa in Rolland, in 19.50 (1). Van den 

:Inde (.51) mentioned that the disease wa.s stead1l7 increa.sing on 

alfalta and a.lso on fl.ax. As reported b7 Xrei tlow (29) , J:ort and 

van Rh.eenen in 196o, stated that the disease is destructive on 

altalfa in the province of Zeeland where JIII!I.D1' far.ers cannet ma.intain 

stands longer than two 7ea.rs. 

Oourtillot in 1961 reported that a.lf&lfa is a host of 

!• albo-atzum in France (12). J:rei tlow (29) quotes correspondence 

with Prof. Viennot-:Bourgin, Paris, to 1Dd1ca.te that Verticillium wilt 

is relativelT wide-spread in :rrance. 

The m.icroacleroti&l form of !• a.lbo-atrwp., referred b7 

JII8.Dl' worlœrs to !· dahlias neb, wa.s reported for the first time 

from diseased roots of al.falfa from the Anconetano and Oatonese a.reas 

in Ital.y', in 19.57 (29). Since that time, it bas not been possible 

to find other mention of this diseaae in reports • 

.A. wilt of a.lf&lfa caused 'b7 !· e.l.bo-atrwp. was :f'irst reported 

in :Britain b7 Noble et al (34). J'rom 19.54 to 19.56, alfal:f'a plants 

attacked b7 Vertjc1111ua wilt were found in various parts of Bngland 

and W'a.les. !· a.lbo-atrwp. waa present in all wilted plants, except 

at two places where the7 were attacked 'b7 !• <~pl iae. .l:f'ter Isaac 

and lleal.e (26) the latter fuDgus is of little economie importance • 

.A.ccording to Isaac (24, 2.5) , Terticilliu wil t which was 

:f'irst reported b7 Noble in 19.53, is now much more important, causing 
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serious losses in all alfalfa fields. Previousl7, it vas possible 

in :Bri tain to maintain alfa.lfa fields for at least four J9&!'s, but 

new crops aftected b7 Terticillium wilt trequentl7 han no valœ at 

the end of the third ha.rTeat 7ear. The incidence of Yerticilli'WI 

wilt in alfa.lfa fields is froa 1 percent iD the first harTeet 7ear to 

over SO percent in ths third. T.hus, it is advisa.ble not to keep 

alfalfa. fields for a third crop. .lmong the varieties atta.clœd b7 

Terticillium. wilt, Isaac (23) mentions the Dupuits varieq which is 

a ver;y important one in Quebec • 

.A.pparentl7, Verticillium. wilt of alfa.lfa has not been 

found in u.s.s.R. and ths United States. .lccording to Parker (36), 

Soloveva and PoJ.7arkova in 1940 obsened that alfalfa is resistant to 

Verticilliua stra.1ns attack:ing cotton. Saith (46) inoculated, in both 

greenhouse and field, aix altalfa varieties wi th !• albo-at.r'g.!l from 

cotton and found 1 t to be non-pathogenic. !· albo-atrgm h&s been 

mentioned on planta of alfalfa in Q,uebec, but this report 1s not 

docwaented (11). 

Red claver has &lao been reported as a host of Verticilliua. 

:B&ning ( 8), in a report on various disea.ses of horse-radish, mentioned. 

that one of ita pathogens, !• dahliae, also attacked clovera, but the 

species of clovers were not specified. Se7J10ur (44) reported 

!• dichoteiiU.Il Ell. aad :lv. aaong the orca;niam.s found on I• pratense. 

Rudolph (4o), in his 110noçaph on v. albo-at,rwn, stated t:bat it att&ck

ed the bur clover in Californie.. Red clover 1s ths oD17 legaainous 

plant on which Verticillium wilt is reported vith certaint;y in Canada 
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as far as the literature is concerned, and Sackston reported that 

y. albo-atr1lm, Jll7Celial type, was recovered frequentl;r from dead 

plants of red clover in apaced blocks at Macdonald Collage in 1938-

1940 (42). 

The tiret report of Yert1c1llium wilt on sainfoin 

(Onobr.rchil sp.) was -.de in Gei'IIB.q b;y Richter and nillkowski (39). 

The pathogen waa identified as !· albo=&tzum• But two ;reara la ter • 

a microaclerotia-formi:og apecies of Verticilliua, !. dah11ae, vas 

ieolated at Cambridge, from wilti:og co11111.on and giant sainfoin planta. 

This infection seema to h&Te made no turther progress since Ieaac (20) 

could not find it later. 

::Bini:og ( 8) reported tha.t !· dahliae troa horse-rad.ish 

also attacked an unspecified species of lupine. 

Jert1c1111um vil t of legaminous crops probabl;r occurs in 

other parts of the world where the diaease haa not ;ret been recognised 

or reported. 
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Verticillium cultures 

Three cultures of Verticillium vere iaolated !rom 1nfected 

plants of clover and &l.f'alfa collected in Quebec and at Ottawa. In 

addition to these, cultures of !· albo-atrwa R. & .B. a.ud !· ctahliae 

Xleb vere obtained from Dr. Ivor Isaac, Swansea, Wales, and 

Dr. Mar,r lloble, lldinburgb., Scotl.a:nd. Three iaolates from other hosta 

vere also uaed in pathogenici'Qr tests. .&.11 the cultures were 

maintained on potato dextrose agar sl.a:nts (~ dextrose. ~ agar). 

Table 1 presents a list of the cultures and the hosta and 

localities from which the7 vere isolated. 1brougb.out the text, each 

of the isolates will be referred to b7 the number assigned to it in 

this liat. 

!• a.lbo-atruJ! iaolates 3 a.ud 4, and 2 and 3 of !· dabliae 

vere obtained from !Tor Isaac and !· albo-atrgm. S and 6 from Mal7 

lloble. L. 4!hliae isolate no. 3 isolated from Italian clover 

(lled,yaarum corouarium) wae a b1ot1n-requ1r1ng atrain; no. 6 of 

!· albo-at.rpm waa isolated from &l.f'alfa seed. Cultures 1, 2 of 

!• albo-at;rum and !• dahlias no. 1 were isolated from host stema a.ud 

petioles b7 the writer. Mr. Alain DeYau:z: of Macdonald Collage 

isolated cultures 7 and 8 of !• albo-atrum and !• dahliae no. 4 from 

the hoats indicated, duri.ng the tnmner of 1962. 



T.ab1e 1 - Isolates of Vertic1111um studied 

Isola te 
Ho at Source 

Specifie name of 
number the iaolate 

!· albo-a.trum 

1 Ladino clover llormandin, P .Q. V. albo-atr'Wil R. & B • 

2 Alfalfa Il Il Il Il • n 

.3 Alfalfa lfalea " Il • • n 

4 Alfal:ta • Il Il Il Il Il 

5 Al:tal:ta Scotland Il Il Il • " 
6 U:talfa aeed Il Il n Il .. Il 

()) 

? Potato St. Germ~~:in (Xam.) Il n • • tl 1 

8 Tomato 
P.Q,. 

St. HJa,cinthe, P.Q. Il Il Il Il • 
!. dab.liae 

1 Red olover Ottawa, Ont. v. dabliae Xleb 

2 ~lfalta V ales Il • Il 

.3 Italia.n. oloTer Wales n Il Il 

4 Sun:tlower La Pooatiere, P.Q. • Il • 
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Plants inoculated 

Seeds of the for~ legumes studied vere aecured from 

Mr. R.w. Robertson, Genetica and Plant Breediug Inetitute, Central 

Bxperiment&l J'arm, Ottawa, and from Dr. J • Bubar, Department of 

.A.gronom;r, MacdoD&ld Collage of McGill Universi'Q". The species and 

T&rietiea of the T&l"ioua hosta and the sources from vhich the;r vere 

obtained are listed in Table 2. 

Metbod of isolatinc fund. from stem. petiole and root tissue 

Isaac (23) reported tha.t Terticillium coul.d be read1l7 

ieolated from the later&l rootleta, the main root, the stem, and the 

petioles. I8olations from the lateral rootlets and the •in root of 

all legwainoue plants in the exPerimenta at Macdonald Collage vere not 

consistent, and were rarel.T free from contamiœ.nts• Small piecea of 

roote, stems, and petioles were aurface-sterilised with sodium 

bn>ochlorite cont&inin.g about 2~ free chlorine and plated on ~ water

aga.r. Onl.7 veJ:7 rarel7 vas Vertieillium iaol.a.ted :f'rom roota, but it 

vas obtained fairly conaistentlT from stems, petioles, and sometiaes 

leaves. 

Surve7 specimens of alfal:f'a, birdstoot t:refoil, and clover 

plants to be sectioned for the isolation of fUng1 vere first waahed 

&Dd brushed uncler running tap water. .lfter being cleaned, they were 

out into pieces about half an inch in length. These were then 

1-.rsed momenta:ril.1' ln 9~ et.hTl al cobol to :œaJœ them wettable. l'roa 



Table 2 - Hoet planta inoculated 

Oomm.on Scientific Varieey Obtained 
:name name from 

Birdafoot trefoil Lgtus corniculatus L. Empire R.W. Robertson 

" • • Il Viki.Dg lt Il 

Lupine Lupinus albus L. --- " " 
.Alfalfa Medioago sativa L. Dapuits Dr. J. Bubar 

.. If Il La4all:: R.V. Robertson 

" Il n llarrapnset .. • 
Il • Il b.nger If ft 

• • • Vernal Dr. J. Bubar s 
1 

Sweet clover Melilotua alba. n.sr. .Artic R.lf. Robertson 

Sainfoin Onob;rchig viciifolia Scop. Oommon ft lt 

Alaike clover Trifolium bz)ridum L. Common n Il 

Red clover Irifolium prat!Dae L. .Altaswede • Il 

Il Il Il " Chesapeake n Il 

Il " " • Dol lard • Il 

Il " " lt X.nland " .. 
Il " • " lake land • Il 

.. " " If Lasalle • • 
Il If • 1 Tetraploid Il Il 

Ladino clover Trifolium repens L. Pilgrim • Il 

Tomato ~copereicon eaculentQmMill John llaer Co111.111ercial aeed 
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the alcohol the:r vere put into a solution of Javex brand sodiUJa 

lqpochlor1te wh1ch contained 2$ available chlor1ne, tor two ainutes. 

hom Javex the plant parts vere transterred to Petri plates contain

ing 15 ml. ot potato dextrose agar. 

Bach plate comprised a eample of root, stem, and petiole 

ot one plant. In general. each plate contain.ed 2 root. 3 stem, and 

2 petiole sections. 

To protect the f'un&i from be1ng overrun b;r bacteria the 

P .D.A.. was ac1dit1ed b;r two drops ot 1~ lact1c acid to ever:r petri 

dish. This &cid vas added before pouring the aelted P.D.&.. in the 

plate. Soaetimes there was interference from be.cteria even when 

lactic acid was added to the medilDl. 

!be plates were 1ncubated at room temperature in a labora

tor;r. The:r were wrapped in pol;reth;rlene baga, tive Petri plates per 

bag, to protect them from dr:ying out and contamil'.lations. It was quite 

eas7 to see the tungi grow1nc 1n the plates tb.rough the transparent 

baga. .lfter two or three da7s 1 if there was evidence of tast-g:rowing 

tungi like Bhizopus nigr1cans overrunn1ng a slow growing species, 

hl'Phal tip transf'ers of the slow growing colonies were made to other 

plates. To keep track of the orig:l.n ot eaoh of the isolated tung1 a 

code qstem vas adopted. Also, atter 10 dqs, if I waa not able to 

1dent1fy a f'ungus in the original petri dilh, 1 t vas transterreà. to 

anotb.er petri plate and to a test tube for identification and mainte-

nance. 
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Aids in the identification of fungi 

At the beginning, evecy species of 1'u.Dgu.s wa.s presented 

to Dr. E..ll. Jlate;v, K;voologist a.t Macdonald College,for identification. 

All cultures of haarium were a.lao sent to Dr. W.L. Gordon, Canada. 

Depa.rtment of Agriculture, Laboratoq of Pla.n.t Pathology, Winnipeg, 

after I bad identified them myaelf. Duplicate cultures of all fuugi 

identified b.1 the above mentioned specialiste vere maintained on test 

tube slants. 

ÂIIOng the most helpf'Ul. of the published aide to iclentifi

eation of :f'tm.gi were: •A. manua.l of soil f'un4:111 by J .c. GU.ma.n (15) 

aDd the 11Illustrated Genera of Imperfect J'ungi11 b;v ll.L. :Ba.rnett (4). 

For the identification of Fuaarium spp., two publications 

were mostl7 uaed: 11 The Occurrence of J'u.aarium speoiea in Cazaada1 II 

b;v Y.L. Gordon (16) a.n.d "J'usaria of Potatoes• b7 c.o. Sherbalr:off {45). 

Preparation of' inoculum 

Two ld.Dds of inoculum were prepared. The firat was made 

from cultures grown for 2 weeks on P .D.A.. in test blbes. '!he material 

in the tube was ad.ded to about 250 ml. of d1st1lled water &Dd 

maoerated in a Waring blender for 5 to 10 seconds; care waa taken to 

include as little P.D~. as possible. 1b.e resulting suspension 

contained spores, IÇ'celium, aDd in som.e cases miorosclerotia. It vas 

diluted to SOO mls. before use. This kind of inooulum will be 

referred to in the te at as • macerated fWlgU.s inoculum11 • The second 
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'b:Pe of inoculum was made b;y a.ddinc sterile distillee!. water to a 

cul ture of the pathogen gro'WD. on a san.d.-eoil-cornmeal medium, and 

gently shakinc it. Such a suspension contained spores, some ~celial 

fr&g~~ents, aacl a few soil particles. This vas used to inoculate 

tomato. 

Methoc!.a of inoculation 

!ha root-dipp1ng technique vas fouud Ter,r effective in 

inducinc vilt of forage legtll18s. In this method, roota of the plants 

to be inoculated vere washed clea.n under rwming tap va.ter, then vere 

dipped in the macerated tungus inoculum for 30 minutes. Inoculated 

plants vere planted in pasteurisee!. greeDhouse soil. Tbe residU&! 

inoculum wa.s diluted and poured on the soil near the treated plaata 

in al1 testa, except the soil moisture experimenta. A c!.ifferent 

methoc!. was used to inoculate tomato plants. The roots vere injurec!. 

b;r thrusting a stiff wire into the soil at four places, about one inch 

from the stem of plant. !be plants vere then inoculated b;y pouring 

onto the soil the suspension of spores and ~celi~ described aboTs. 

J'acilities ueed 

Meat experimenta vere made in greeDhouses. Bxperimenta 

on the affecte of temperature and relat1Te humiditf vere perforaed in 

controlled-e~ironment growth cabineta. The temperature and humiditr 

in all experimenta vere recorded on lQ'grothei'IIOgraphs. 
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llethod of rati:ag intensit;y of diaea.ae •DPto•• 

In tho se experimente vhere 1 t waa necess&r7 to rate the 

1ntens1ty of disease S7JIPtom.s, this vas done on the F.A.O. ecale, 

vhere •on m.eans no i:a.:f'ormatioa_ and vhere 1 1" is the beat rating for 

aD7 characteristic and 1 91' is the vorst. The values asaigned vere 

as follova: 

0 - no information. 

1 - plant heal tllT. 

2 - vein clearing. 

) - TeiD. clearing; 7Blloving of leaves atart1ng. 

4 - yelloving of leaTea ud aome Yein clearing. 

S - alllost aU lea.Yes ;rellow; none falli:ac ;ret ad some shovi:ag 

vein clearing. 

6 - lea.vea 7ellow; starti:ag to fe.l.l. 

7 - leaves falling and remaining leaves yellov. 

8 - all leaves fallen. 

9 - plant dead. 
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The diaease survey 

Dar1Bg the tJUIIIller of 1962. D1&D7' forage legume plots vere 

e:m.mined in the course of survey trips through the Province of Quebec. 

To have au idea of the heal th condition of legtllle crops, samples vere 

collected at all ~ederal ~erimental Faras in the Province of Quebec. 

at the Central ~erimental Jarm at Ottawa. at two farms of the 

Provincial Government and at Macdonald College. The ~ederal Bxperiment

a.l .larme all :bad al.aoet the asme species and the same varieties of 

legaminous plants and they vere conducting the same proJects. 

UntortuDately • i t wa.s a very bad year to col lect plants si nee. according 

to research workers of those stations, a lack of snow cover bad caused 

the death of a good part of the forage legwaes. This situation vas 

remarked in almost all research stations with some variance and vith 

the e:~:ception of the Experimental Station of llorœndin vhere th&re vas 

practicall:T no winter killing. 

During this survey, e.lfalfa, ladino and white clovers. 

&nd birdsfoot trefoil plants showing vil ting, yellowi:ag, and stunting 

vere collected and broU&ht at Macdonald for •tud.1'· Samples of these 

tour forage legames vere collected on the spaced plots at llormendin, 

red clover and e.lfalta at the Experimental Jlarm at L1J.ssomption, 

at the Descham.bault Provincial larm and at Macdoœld College, and at 

ottawa, red clover planta vere collected and alfalta plants vere 

obta.ined at La. Pocatiere and at the J'arm of the Dlt.iry School at 
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St. lqacinthe. DariDg the eame summer, forage legume fields were 

also examined on the Seed Farm at Macdonald College and some farms 

in the viciniey of Ste • .Anne de llellevae, i.e. Ste. Genevieve, 

Pointe-cascade, Darion and Taudreuil. 

Kicroormanisma collected 

In the work here reported, ~ kinds of soil tungi were 

fou:ad associated wi th dead or sick leguminoua planta. J'ifteen 

genera. of fUDgi belonging to three different claases were isolated 

from the 202 forage legwg.e plants plated: ~ Imperfecti vere the 

most llUlllerous followed b;y PlJ1'coJQ'cetes and A.scoJI1'cetes. Bacteria 

vere also present in aan;y cases, but th~ were not identified. 

hong the 327 colonies of tungi obta.ined, JUaarium speciea 

vere iaolated vith the grea.teet frequenc;y, i.e. s~ followed b;y 

A.lterDB.ria 1~, Rhisopus 'fi,, Sclerotinia S"', Bhizoctonia ~. and 

others 12"'. N'esatodes were also isolated from red claver plants 

collected at Macdonald College. They vere identified b;y Dr. ll.H. Este;y 

as Rhabditia ep. vhich ia free-11v1Dg. 

Classification of the isolates from forage let;WileB 

A.l teraaria tennis liees ex Cda 

J'rom a.lfalfa at Macdonald College, L'Assomption, Caplan, 

lforma.ndin, and Is. Pocatiere; from red claver at Macdonald 

College and L'Assomption; and ladino clover at l'orma.ndin. 
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~obot;rs ol1gospora Fr. 

J'rom al.falfa. at Lennoxville. 

Colletotricùum spp. 

J'rom alfalfa at L'Assomption; and red cloTer a.t 

Macdonald College. 

hpriua &Tenaceum (Fr.) Sace. 

J'rom alfal.fa at Macdonald Oollege, L'Assomption, llormn

din, le. Pocatiere, St. Hyacinthe, and Caplan; from red 

clOTer at Macdonald College and L1.1.ssompt1on; from 

ladino and white clovers at Bormandin. 

l'usariwa cul.lllorum (W.G. Sm.) Sace. 

l'rom alfalfa at L'Assomption, Deschambault, and La Poca

tiere; from red cloTer at L'Assomption. 

hsarium eguieeti (Cda) Sace. 

J'rom alfalfa at Macdonald College and L'Assomption; from 

red clover at L'Assomption. 

haarium moniliforme Sheld. em.end. SIQ"der & Ranaen 

J'rom alfalfa at St. H7acinthe. 

hsarium o.x:rsporua Schlecht. em.end. SJ!1der & Hansen 

hom al:f'alfa at St. lQ'acinthe, Lennoxville, and L'Assomp

tion; from red clover at Macdonald College, Lennorrille, 

and L'Aeaomption. 
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l'usarbm poae (Pk.) Wr. 

hom alfalfa at Oapla.n; from red clover at l'Assomption. 

J'usa.rium solani (Mart.) J.pp. & Wr. emend. Srcyder & Hansen 

J'rom altalfa at Lenn.o:xville; from red clover at Kac

donald Oollege &Dd. L1Asso111pUon. 

Gliocladium rose\'Uil (Link.) Thom. 

J'rom ladino clover at Iormaadin. 

Belminthosporium ap. 

J'rom alfalta at Macdonald Oollege. 

Hormodendrwn sp. 

Phoma. app. 

l'rom &ltalta at Macdonald College. 

J'rom alfalta at Macdonald College a.ad Leu.no:xville; from 

red clover at Macdonald Collage, L'Assomption, &nd Lennox

ville. 

lUûzoctoDia app. 

l'rom altalta at L'J.ssomption. Capla.n, l'oru.ndin, and La. 

Pocatiere; from red clover at Caplan. 

Bhizopus spp. 

J'rom alfalfa at Lennox:ville and La. Pocatiere; from red 

clOTer at L1J.ssompt1on; from birdafoot trefoil at 

Macdonald Oollege. 
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Sclerotiuta trifoliorum ~rikss. 

hoa a.U'alfa at Macdonald Oollege, La. Pocatiere, aad 

ll'ormndin; from red clover at Macdonald Oollege and 

L'Assomption. 

IH!Pl;yliua sp. 

J'rom a.U'alfa at Macdonald Oollege. 

Trichoderaa viride Pere. ex :rr. 

l'rom alfal:ta at L1.lseomption; froa red clover at Mac

donald Oollege aad L1.lssomption; from birda:toot tref'oil 

at ll'ol"MD.din. 

Terticilliua albo-a.tz:w! R. & :s. 

!rom al:talfa and ladino clover at ll'ormandin. 

Terticilliua dahliae Xleb. 

l'rom red elever at ottawa. 

Z:rgormchu1 ap. 

Jrom red clover at L1.laaoapt1on. 

Since the description of Terticilliua albo-atrum b7 

Reinke & :Berthold, in 1879, and !• <1ah11ae b7 neba.bn, in 1913, the 

relat1onllh.1p between theae tvo species ha• been the subJect of auch 

diMcuasion. ..., authors do not differentiate the two speciea, 

ca11ing them both !. al bo-a :tram. 'lhe reiUl ta of the ir rasearches 
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•ometimes contra4ict those of other workera who use the saae name for 

the tuuga.e the;r studied. Thue 1 Bewle;r (6) stated tbat he worked with 

!· &lbo-atz:wg, when the description of hi• isolates maltes i t clear 

that he was dealing with both !· al.bo-a.trua and !• dahliae. 

Our etudies of isolates 1, and 2 ot !• albo..atrpm from 

ladino cloTer and alfalta and 1 from red cl o.-er respecti nl;r haTe 

ahown tbat tvo different species vere present; n1111.ber 1 of !• c1al:Lliae 

for.œing psewio-celerotia (PS ~e) and iaolate ot_!. albo-at.raa nos. 

1 and 2 tbat remained entirel;r white (W t;ype) • The PS tJpe torm.ed 

paeudo-eclerotia which could be recognized in culture after a few ~s. 

Usœll;r. the;r gaTe a black appea.rance to the UDd.eraurface ot the 

culture. Paeudo-sclerotia developed either b;r monohJphal budding 

re sul ting in a nearl;r round boq or b;r interm.ingling and budding of 

contiguous hJphae. In culture, this to.ngus grew fairl;y vell at high 

temperature ()000.) and slowl;y at 7e5°C. This agrees vith previous 

reports b;r L'wlbrook ()0) au.d Isaac (21) who identitied their cultures 

as !• d.ahliat. Binee this iaola.te has shovn ali the•• oharacteriatice1 

it has been identified as .I• àabliae. 

The W tl'P• rema.ined white atter prolonged cul ture aa.c1 neTer 

formed &D:T reeting structuree. Cul tares of this t.,pe grew Terr 

rapidl;r and sporulated sparsel;r. Isola.tes ot this t;rpe grew fairl;r 

vell at lov temperature and did not show llluch growtb. at 3()00.; iaolate 

1 did not grow at all at this teçerature. 'lhe two iaolates ot l' t7pe 

show the aam.e ohara.cteristica as iaolates 5 and 6 of Ma.r;r lloble who 

identified them as!· albo..a1;rum. 
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Because of the conspicuous aad censi•tent differences 

betveen these tvo 'Qpes of cultures, we agree vith those vorkers who 

assip them to the species !· dahliae and V. albo-&tt9:! respectivel7. 
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There ia considerable publiahed. work concerning the 

affect of temperature on the growth of VerticilliUil ia culture from 

which 1 t ia clear th&t contusion exista in the DOJ18nclature adopted 

tor the straina of fung1 used in T&rioua stwiies. ::Bewlq {S) sta.ted 

that the miD.iii.Uil, optiiiWil, and maximwn temperatures for growth. in 

pure culture of hia strains of y. albo-at.rum were 4.4°0., 2).3°0., 

and 30°0. respectinq, but he did not indica.te whether the cultures 

uaed vere of the !• da.hliae or !• albo....a.'f:.:tUD! tJpe. It ia e'f'ident 

from hia description of hia collection ot cultures tbat both oqpea 

were included by him under the simple designation ot !· a,lbo-atra.m, 

since he states: •the JQ'Celial cella, vhich give riae to microaclerotia, 

become svollen and b.r a process akin to budding a bead-like acgre~te 

ia formed, the cella of which tbiclœn and turn brown•. Oha.udhuri 

(10) gives 10°, 22.5° and 27°0. as the minim:u.m, optiDIWil, and. axim:u.m 

for the culture he used, vhich he described simply as!· albo,...:trp. 

Ludbrook {30) and Isaac (21) atate tbat !· albo-atrua shows no grovth. 

at 3000., while cultures of!· d.ahliae, at this temperature, show 

aome degree of deTelopment. Robinson et al (41) baTe alao reported 

re sul ta vhich agree Yi th tho se of the two la.at workers. Where the 

t7Pe of f'ur:Lgu uaed. ia deacrfbed, cultures of !• albo-&trgll t:;Jpe 

generally seem to prod.uce litUe or no growtb. at 30°0., vhile those 

ot !• cl&hl.iae t7Pe grow fairly well at 3000., and in aome cases at 

higber temperatures. 



Tests were co:aducted on the firat :nine isolates of 

Vert1g1111um describsd in Table 1 to observe the growth of theae 

isola tes in cul ture at different temperatures. The re sul ts of the se 

etudies were then correlated wi th the ef'fects of temperature on 

diaease 1ntenait7 on inocul.ated plants • 

.&.11 iaolatea vere grovn on 11Bacto Potato De:rt:rose Atr/i!Z 

De!Q'drated" (Difco), in 9 ca. petri diahea, conta.ining lS mls. of 

medium. B7 aeana of' a cork borer, S m~~s. in diameter, u:niform disks 

vere eut from. plate cultures of the flm.ga.s aDd used a.a inoculum. 

One diù: vas placed in the center of' each diah. Cultures uaed aa a 

source of inoculum vere of the saas age, one week. Onl7 the a.dva.ncing 

margin of' the f'l.ulgua vas uaed for inoculum. The cul tares vere 

incuba.ted at 7.5o, lOO, 150, 200, 250, )OO, and 3500. J.t 3500., an 

ove:n vaa uaed and a refregirator served as an i:ncubator at 7eS°C. 

:rive plates of each isolats vere used at ea.ch temperature and each 

test repeated atter a:n i:nterval of 2 veeks. The diam.eter of the colonies 

vas mea.aured in m.illiaeters lS cbq's atter inoculation. This method of 

measuring grovth vas chosen because 1t vas relative grovth :rate tbat 

1 vi shed to determine. 1he re sul ts of aeasu:rem.e:nts are given in 

Table 3. 

All isolates grew vell over the range 150 to 2500 • vi th 

the beat growth at 2SOC., except for isola tee 1 and 3 of !• 4ahl1aa 

vhich bad 2 peaka, one at 30° a.Dd the other at 20°0. At higb. tempera

tures, a -.rked difference vas observed between !. albo-at.rum a:nd 

!· dahliae iaolates. At 30°0. the!· dahlias isolates grev aoderatsl7 



-24-

vell, whereas all !• albo-e.trum isolates were very slow growing. A.t 

J.soo. none of these isolates showed any growth. The isolates grew 

at 7 • .5°0. The miniiiWD temperature for the growth of 8ZJ.7 of the 

isolates, with the e:r.ception of !• d!hliae no. ), appears to be just 

below ?.SOc. 



Table 3 - The effect of temperature on growth of varioua 
iaolatea of Vertici11ium for 15 ~· 

Isolate 
Diameter in mm. atter 15 êl.qs ( l) 

No. 
Temperature centigrade 

7.5° 10° 15° 20° 25° 300 3So 

!• albo-atrum 

1 3 9 38 41 48 0 0 
2 2 21 42 47 70 6 0 

3 9 24 41 45 
1\) 

62 8 0 \J\ 

4 10 18 41 42 
1 sa 12 0 

s 14 19 35 38 S4 6 0 
6 14 19 42 42 61 6 0 

!· dahliae 

1 2 12 22 29 23 29 0 

2 ll 17 37 45 S4 39 0 

3 0 7 25 27 23 30 0 

(1) Average of 10 plates in two experimenta. 
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TI- G.BDJŒOUSll ST'Q])IliiS 

Iaolates of the two epecies of Tert1cill1ua collected on 

forage legaaes duriug the surve7 were studied in çeenhouse e%,periments. 

'lbe pathogenicit\7' of theee isolates waa first compared vith others on 

various forage legwae plants: this was followed b7 a stud7 on the 

effect of age of alfalfa plants on their auaceptibilitr to the respect

ive iaolatea. 

&.) Pathogenicit.I teste 

'leste on relative pathogenicit\7' vere carried out b7 the 

root-dip method for legaminous plants and b7 a special method described 

above tor to•to plants. .t.ll the apeciee ot planta mentioned in 

Table 2 were uaed. Bine isolates were tested on all the species of 

legu.minous plants, aix ( !•.! 1, 2, .3, 4; !•J 1, 2) on tomato plants, 

e.ud. three others (!•.!: 7, 8; !·.d: 4) vere used to inocula te the Ternal 

and Dapuits varieties of alfalta. Twenv plants vere inoculated in 

ever7 case vith the different iaolates, vith the exception of Lueinus 

alby for vhich onq ten plants vere inocula.ted with each 1aolate. 

Ten tomate plants vere inocul&ted wi th each of the six isolatee 

previouel7 aentioned. In all the teste, tvo non-inoculated plants in 

ea.eh treatment were used as control. Greenhouse teçeratures were in 

the range of 21° to 27°0. 

In e&ch case, when the SJmPtoms of disease became eYident 

in the plants inoculated with !• albo-e.trum and y. âabliae, the &7Jilptoms 
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vere recorded and after the plants vere remoTed from the soil, the7 

were plated on P.D..&.. 

The re sul ta of the se tests are reported in the follo'ring 

tables, 4 to 12, 

1) Alfalfa (Medicago sa:f;i Ta) 

All alfalfa plants were inoculated when the7 were 46 cial'• 

old and thq bad 4 to ll trifoliate leaTes. 

J'rom the data of Table 4, the conclusion 111&7 be dravn 

that the isolates of I· albo-atnya are more Tirulent to alfalfa tha.n 

those of !• dahliae, Isolatea of y. a.lbo-a.trum from Q,uebec are as 

Tirulent to this host aa those froa Wales; isolate 1 of!· slah.liae 

seems to be more pathogenic than isolates 2 and ). The Dapuits 

varie'tl' vas generall7 attacked. earl 1er 11 but no appreciable differences 

were noted in total number of planta attaclœd in each T&rie'Qr. 

Isolates 1 and 8 of !• albo-atrum and 4 of !· d.ahliae 

from hosta other than legwaes failed. to attack the two T&rieties of 

alfalta inoculated. 

2) Red clOTer ('l'rifolium pratense) 

When red cloTer plants were inoculated, they vere 45 ~s 

old. and t.he7 had 3 to S tr1fol1ate leaTes. 

Two cultures of !• d&hliae (nos. 2 and 3) vere atrongq 

pathogenic to all T&rieties of red cloTer. !· dahliae no. 1 wh1ch 



Table 4- Pathogenici-q of Verticillium 1aolatea on fin 
Tarieties of a.lt~fa (Medicago sati va) 

-
Va:r1et1es tested 

Iaolate Du.puits Vernal Ladak: Ranger Narraganaett 

llo. ~s after inoculation 
20 JO 40 20 JO 40 20 JO 40 20 JO 40 20 JO 40 

!· a1bo-atrum 

1 2o1> 20 20 8 15 16 s 10 16 s 9 10 9 12 12 
2 9 19 19 15 19 20 7 18 19 16 19 19 J 8 11 

J 9 14 16 8 18 20 12 19 20 6 18 19 8 19 20 • 
4 20 20 20 0 19 20 0 18 18 0 20 20 0 17 19 

N 
()) 

s 15 19 19 11 16 16 8 16 17 14 18 18 14 14 14 
6 16 18 18 12 16 17 17 18 18 15 18 20 16 19 19 

7 0 0 0 0 0 0 .2) - - - - - - - -
8 0 0 0 0 0 0 - - - - .. - - -

!· dahlias 

1 0 0 2 0 0 2 7 8 8 1 1 1 6 10 11 

2 0 0 0 0 0 1 J 4 4 0 1 2 0 2 2 

J J s 5 2 J J 1 1 1 0 1 2 4 4 4 

4 0 0 0 0 0 0 - - - -
1) D'Wllber of plants infected. out of 20 inoculated. 

2) lio planta inooul.ated. 



Table 5 - Pathogenicitr of Vertioillium isolatea on aeven 
varieties of red clover ( Trifoliua Dratense} 

Varieties tested 

Isola te Oheaapeake Ken land Tetraploid Doll&rd Lake land Lasalle A.ltaswede 

!To. ~· after inoculation 
25 so 75 25 so 75 25 so 75 25 50 75 25 50 75 25 50 75 25 so 75 

!· albo-e.trum 

l ~li2 lJ 11 14 15 0 4 7 0 l l 0 l 1 0 l 2 0 l 2 

2 10 14 14 0 l 5 5 5 6 0 l 2 0 0 0 0 0 0 0 l 4 

J 0 0 7 0 l l J 8 9 0 0 0 0 0 4 0 0 2 0 0 3 N 
\0 

4 0 0 2 0 0 3 0 0 0 0 2 2 0 0 3 0 0 0 0 0 0 1 

s 0 6 6 0 2 7 0 3 4 0 4 4 0 0 0 0 0 0 0 6 6 

6 0 l 9 0 l 9 l 4 6 0 0 5 0 2 6 0 0 4 0 0 3 

!· dahliae 

l 0 17 18 0 0 s 6 18 18 0 0 0 0 0 2 0 0 l 0 0 l 

2 0 9 14 0 6 19 5 14 15 0 ll 14 0 17 17 0 12 17 0 ll 13 

3 0 17 17 0 17 20 0 17 17 0 20 20 0 20 20 0 12 13 0 10 16 

l) !Twnber of plante infected out of 20 plants inoculated. 
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wa.e isolated from red clover plants is much lesa virulent than the 

two othera. 'ft1e isolates of !· albo-atrum vere not ver-r virulent on 

red clover, but isolatea 1 and 2 from Q,uebec vere more virulent tha.n 

the !· albo-at:rwe 1solates from Engl.and. 

The varieties ca.n be divided into two groupa: thoae vhich 

are susceptible and those which have a certain resistance. !he more 

susceptible varieties have their plants attacked earlier tban ethere; 

acme plants vere attaclœd 25 dlqs atter 1aoculation. Chesapeake, 

Xenland, and Tetraploid red elever were susceptible to Yert1c1111um spp., 

eapeciall;r !· dahliae, and out of these three, the Chesapeake varie"tl' 

is the most suaceptible. 

:;) Birdafoot trefoU (Lotus cornicul&tus) 

Lotus corniculatus plants were 39 dqs old &nd bad 4 to 9 

leaves when the7 vere inoeulated. 

The resulta given in Table 6 indicate that ieolates of 

Y. dshliae do not attaek birdsfoot trefoil. Some iaolates of V. albe-- -
~are pathogenic to this forage legume and iaolatea from Quebec, 

nos. 1 &nd 2. vere more virulent t:ban the ethere. The var1e"tl' Yildng 

appeared more susceptible tban Empire. 
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Table 6 - Pathogenici 'b' of Verticilliua isolates on two 
varietiea of birdsfoot tretoil 

(Lotus cornicula.tua) 

Varietiea 

lao la te Empire Viking 

!l'o. Daïrs after inoculation 

20 40 6o 20 40 6o 

!• albo-at.Tu! 

1 01) 13 15 0 17 18 
2 0 9 9 0 11 14 
3 0 0 1 0 0 5 
4 0 0 0 1 l 7 

s 0 0 0 0 0 2 

6 2 5 7 4 8 15 

y. dahl.iae 

1 0 0 0 0 0 0 

2 0 0 0 0 0 1 

3 0 0 0 0 0 0 

1) l'uaber of planta inf'ected out of 20 planta 1nocula.ted. 
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4) Alsike clo'Yer (Trif'ol1Wil h;lbridWA) 

Alaike cloTer plants were inocu.l.ated when the7 ha4 3 to 

5 tr1f'ol1ate lea'Yes, a.nd vere 46 d.aqa old. 

Jrom the resulte of T-able 7, it ie impossible to conclude 

that the two species ef VerticilliUil act diff"erentJ.T, but aoll18 differ

ence can be noticed between 1nd1Tidual isolates. Ul iaolates of' 

!· albo-&trum, except 3 and 5 vere fairl7 'Yirulent en common alaike 

clover. Two isolates of V. dahlia.e, nos. 2 and 3. attacked alaike 

clover: isolate no. 1 Yas not very virulent since 4 plants were 

attacked. This elever is attacked quite late. 

5) Ladino clover (Trifolium repens) 

Ladino clover planta were inocula.ted at 39 daTa when th87 

ha4 4 to 5 leavea. 

The two apecies of Verticillium differed in their attack 

on ladino clover plants. The two !• albo-at;rwn iaolatea from planta 

collected at Normandin 8howed aome abilitf to attack ladino clover. 

Theae two isolates were a.s Tirulent as the !• albo-at.rum 5 and 6 from 

Mary Noble. Cultures of !• albo-atrtœ. 3 and 4 from Isaac, were not 

virulent to ladino olover. Isolate 2 of!· da.bliae attacked 15 out of 

20 plants; the two other isolates of !· dahliae, nos. 1 and 3 vere 

less virulent. 
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'l'able 7 - Pathogenici tT of Verticill1Ulll isola tes on 
Comm.on variety of alaike clover 

('l'rifolium àlbridum) 

Iaolate ~s after inoculation 

J'o. 30 60 

,!. al 'bo-a tru1a 

l 41) 5 
2 3 5 
3 0 l 

4 4 5 

5 1 l 

6 0 14 

.! . d&q:J.iae 

l 0 0 

2 l l 

3 0 0 

l) J'aber of plants infected out of 20 plants 
inoculated. 

90 

12 

8 

3 
8 ,. 

15 

4 

13 

15 
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Table 8 • Patb.opl'lic11'3 of Verticilli'WI isol&tes on 
Pilgia Tariev ot ladino clover 

(%rifol1um repeaa) 

Isola te llq"s atter inoculation 

!To. 20 40 

!• albo-atrwa 

l ol) 6 

2 0 s 
.3 0 0 

4 0 l 

s 0 4 

6 0 12 

!• dahJ.iae 

l 0 2 

2 0 10 

.3 0 .3 

l} Humber of plants infected out of 20 plants 
inoculated. 

60 

8 

l2 

2 

.3 

4 

14 

8 

lS 

6 
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6) Sweet clOTer (Melilotus alba) 

Sweet clover plants vere inoculated at the ~ ot 40 ~· 

when they bad J to ~ leaTea. 

l'rom Table 9, the conclusion -.y be drawn tbat the iaol&

tes of L. albo-a.trœa a:ad !• a&hl.iae tested do not attack thia 

legwninoua plant. Two isolates, y. albo-atrum no. 6 and y. dabliae 

no. J were pathogenic to a tew plants; iaolate J of V. dahliae attack

ed soma in the earl.7 etagea and 6 of !• albo-at;rum acted later. 

?) SaiDfoin (Onobqchie Ticiifolia) 

Sainfoin planta were inoculated at the .3 to 6 leaf stage 

when the;y were 40 ~· old. 

The two species of VerticilliUil h&Te the eame pathogeniciv 

on sa1Dfoin. The two isolates, nos. 1 a:ad 2, collected in Q,uebec are 

lesa pathogenic than the isolates of !• albo-atrga from :bgland. On 

the otb.er band, our !· 4ahli&e no. 1 bad a more drastic affect on this 

plant than the two isolates from llugland, since it attacked 20 planta 

out o:t 20. The isolate no. 6 of !• albo-at:rum attacked thia apeciea 

o:t plant earl7 whereaa all the othsrs h&Te a.cted more alowly. l'rom 

these resulta, it ia logical to conclude that sainfoin is susceptible 

to the two speciea of Verticillium which we are dealinc with. 
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Table 9 - PathopiUcitT of Terticilliu 1aol&tea on A.rtic 
Yarieoq of aweet cloTer (Melilotua el.ba.) 

Iaolate Da7a atter inoculation 

li' o. 20 40 60 

!· &lJlo-atrma 

l ol) 0 0 

2 0 0 0 

3 0 0 0 

4 0 0 0 

s 0 0 0 

6 0 4 4 

!• cJâbllae 

1 0 0 0 

2 0 0 0 

3 4 6 6 

1) lfUIIber of plauts intected out of 20 plaDta 
inoculated. 
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Ta'b1e 10 - Pathopaic1v of Ver c1111ua isolatea on Oomaon 
T&rietr of aaintoin Onobrzchia Ticiifo11a) 

Isola te Da.7a atter inoculation 

:lo. 25 50 

v. a.lbo-a.trut 

1 fil) 10 

2 9 13 

3 1 7 ,. 1 16 

5 7 12 

6 15 17 

!· dêb.liae 

1 5 9 

2 4 18 

3 2 11 

1) :lumber of planta intected. out of 20 plants 
inoculated.. 

75 

l3 

15 

13 

18 

17 

17 

20 

18 

11 
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8) Lupine (Lupinua albue) 

Lu,pine plants were inoculated when the7 bad 5 to 6 leaTea 

aad the7 vere 22 &v• old. 

l'ro• Ta'ltle 11, it C&D be concl'Oded that all the itolatea 

of !• albo-atz:u &D4 !• dahliae studied ean attack J:spinue albus • 

.A.ll the iaola.tea intected all the planta inoculated, except !· dahliae 

no. 2 vith 9 out of 10, and differed onl7 in the speed vith vhich 

B7J1Ptoms appeared. 

9) Tomto (Lzcopersicon esculentum) 

Tomto plants were inoculated at 32 ~s old when the7 had 

5 to 6 leaTea. T.hese plants were grovn for the duration of the stuaT 

in 8 Db:1e cupa" vhich bad been preTioutJ.T coated vith paratfin vax. 

l'rom the re sul ts gi Ten in '!able 12, 1 t can be concluded 

that the iaolates of !• albo-atrua and !· dehliae from forage legumes 

are not ver.r pathogenic to tomato plants. Good &Jmptoma of Vertic11-

l!:!!! wilt were aeen on Just a ~ew planta. Tàe plant attacked by 

iaolate 2 of !• albo-e.trwœ was the onlJ one to ahov vassel discoloration. 



Talle 11 - P&thogenic1-ey- of TerticilliUil isolates 
on Ma~iau albua 

Isola te Da.T• after iaoculatioa 

llo. 22 44 

!• albo...,tzœa 

1 11) 3 
2 3 7 

3 6 8 

4 5 10 

5 3 8 

6 3 9 

!· dahl.iat 

1 s 9 

2 zt. 6 

3 0 6 

1) lTuber of plaats iafected out ot 10 plants 
iaoculated.. 

66 

10 

10 

10 

10 

10 

10 

10 

9 

10 
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Table 12 - Pathogen1ciey of VerticilliWI iaolatea on 
John :Baer T&l'ieey ot to•to 

{;,oopersioon eaculentgm) 

Isola te 
BUlllber of planta :ln:f'eoted 
out ot 10 inoculated, 44 

l'o. da7a a.fter inoculation 

!· albo-atrwa 

1 4 

2 1 

J J 

5 J 

!· dahl.iae 

1 2 

2 1 
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:B) Ba.uge of' pathopnieiiz of' '!&!'ious isolates from fora.ge legumes 

Isaac (24) tested iselates of'!· albo•t:rum and !• dahliae 

from ali'alfa on plants of potato, tomato. sainfoin, and clover. His 

tests iDdicated that these iaolatea vere not virulent to sainfoin 

and elover and that potato &Dd toraato were susceptible to isolates 

ot both !· albo•t;rua and !· ctahliae. 

To investigate the range of patb.ogeniei 1:;1 of' the isola tes 

colleeted during the surve7 and also that of isolates obtai:aed from 

Yales, the plants deseribed in Table 2 were tested in the greuhouae. 

'l'he resulta are shown in Table ]J. 

'l'he d&t& of Table 1.3 prove eonelus1ve17 that the iaolatea 

of' !· albo-atrwa and !• dabliae vhich occur in our region are able to 

attack legwninoua plants. Soae of the forage legumes are attacked 

very heavil7 while others are lesa susceptible. These reaults are of 

obvious practieal significance not onl7 in Quebec, where forage cropa 

are so important, but wherever th.e7 are grown in lTorth America. 

When the two species of pathogens are compared on the 

forage legwnes as a group, 1 t can be noted t.lla.t !• albo-a'E'PJ!! is 

somewhs.t more virulent tba.n !· dahliae; !. albo-atz:um attacked 56.7f, 

and !• dal:ùiae 46.~ of the plants inoeulated. 

The two isolates of !· &lbo-at;rum collected from altalfa 

and ladino clover in Q,u.ebec, bave proved hig'b.l7 virulent on altalfa 

plauts, exceeded onl7 b;y the two isolates from Isaac and one from 

l'oble. 



Table lJ -Reaction of forage legumes to Verticillium spp. 
ieolatad from leguminous plante 

Pla.nta 
Per cent of planta intected 

!• albo-atrUJB iaolatee 

1 
,!. dahliae ieolatee 

inocu.lated 
1 4 6 2 J s 1 2 J 

.A.lfalfa l) 
74 88 9S 97 84 92 24 9 lS 

Red elover 29 22 19 7 19 JO J2 69 88 

Birdatoot 
82 sa 12 lJ s ss 0 2 0 tref'oil 

1 
.A.leike clOTer 6o 40 lS 40 20 ?S 20 6S ?S -t::' 

N 
Ladino clover 40 6o 10 lS 20 70 40 75 JO 1 

Sweet clover 0 0 0 0 0 20 0 0 JO 

Sainfoin 65 75 6S 90 as as lOO 90 5S 
Lapiaue albua lOO lOO lOO 100 lOO lOO lOO 9S lOO 

To-.to 40 10 ~ 
2) - )0 - 1 20 10 -

1) lOO altalfa, 140 red clover, 40 birdatoot tretoil, 20 alailœ clover, 20 ladino cloTer, 
20 eveet c1oTer, 20 u.inf'oin, 10 Lupinue a.lbua and 10 tomato plante vere inoeulated 
with each ieolate. The controle invariablT remained hea1 tlQ'. 

2) ( -) indicatea that no planta were inoeulated. 



-43-

Iaaac (2.3) reported that wilt of altalfa cauaed "b7 

!· dabliae is of litUe importance. The resulta obtained hare are 

in accordance vith his. 

The elevera tested proTed to be BUBceptible tc Verticil-

11!!! apecies, and more so to !• 4&hliae thaD to !· albo-atr;wn. 1heae 

resulta are not in agreement vith. those of Isaac (24) who atated 

that cloYer waa resistant to the altalfa pathogens, without m.ention

ing the apecies of clover. Iaolatea 1 and 2 of!. albo-atrgm are more 

pathogenic thau all but no. 6 to red, alsike &nd la41no clOTers. 

lsolates 2 and .3 of !• dahlia.e are more Yirulent tlum no. 1 to red and 

alaike clovers. but eTen no. 1 proTed more pathogeaic to red cloTer 

tlum did arr:r iaolate of !• aJ,qo-a:tJ'qf;. Ladino cloTer was susceptible 

to all three isolates of !• dahliae. particularly to no. 2 

More planta of birdsfoot trefo11 vere attacked b,r iaolates 

1 and 2 of !· p,lbo..atr'w! tlum "b7 the four other isolatea. J'rom the 

renlta in Table 1.3, birdafoot trefoil appeara to be quite resiatant 

toI· dahliae. 

Iaaac (24) reported tbat aainfoin waa reaiatant to iaolatea 

of!· a.lbo-atrup a.nd !· dahliae froa alfalfa and st&ted tbat it 1 J~Uq 

be encouragea. as a fodder crop in those regions aost aenrely atfected 

b7 lucerne wilt•. This does not agree vith our resulta Binee all 

the isolates of both species attacked sainfoin. holate 1 of !· dahliae 

intected 10~ of the plants inoculated. 

Lupinus aJ.bu.! was verr susceptible to all ieolates of both 

apeciea of Vert1cilliu. The cul tiTation of this crop in rotation 
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vith potato or other susceptible plants should be discouraged, becauae 

the lupine crop mignt increaae the reservoir of inoculua. 

7he iœ.bilitJ of the forage legume iaolatea to cause wilt 

of aweet cloYer vas most aurprising since all the other leguminoua 

planta tested vere susceptible to al.most all isolates of !· albo-atzum 

and!. 4abliag. This resistance in sweet cloYer planta~ be due to 

the presence of coumaric ac id or to other factors, al th.ough. no auch 

explaDs.tion vas found in the 11 tera.ture. 

The cul ti Tati on of aweet cloTer as a green u.nure crop in 

preference to other legumes mignt be adYisable in fields were 

Vert1cill1um wilt is a problem. 

C) SJ'l!Ptoms of Verticilliu wilt on Yal'ioua legami:noua plants 

The S7JI.Ptoms of Verticillium wilt on herbaceous plants 

han been deacribed 'by R'Wlolph (40). Isaac (20, 24) ha.s deacribed 

SJmPtoma on sainfoin and altalfa reapectiYely. Binee the wilt 

s;ymptoms inci ted in legwrû.nous plants by !• albo-at.rua azul !• d&hliae 

are identical the7 will not be diatinguished. The çmptoms of red, 

alsike• and ladino cloYera will be described together, 8D.d thoae of 

other plants aeparately. 

1) Szmptpme on altalfa 

The qmptoma are genera.ll;y thoae of a -cypical hadroiQ"cotic 

diseaae. The initial 8721Ptom ia clearing of Te ina of ;young teraiœ.l 
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leafiets, uauall.T on branches from the lover stem. l!lpiœa1;J' and 

wilting are ney pronouaced during va.rm.er periode of the da7 vith 

aome recoTeey as teçerature drops towa.rds evening, but gradual 

decline of the plaat due to a loss of cell turgor continues until it 

dies. Uaual17 the terœinal leaves become pale ;yellov (J'iga:re 1) and 

are easily d.etached before the basal ones, lead.i.ng to a rapid 

defoliation (ligure 2) • It sometimea happens tbat the petioles fall 

vith the leafl.ets. 

Isaac (23, 24) states tbat the lover part of in!ected 

a.ltalfa stems, even when not completel;y dead, are :trequentl.T covered 

b7 Yerticilliua conidiophorea. These give a superficial gr&liah 

appearance, vhich, as the stem dies, turne black due to the formation, 

in the outer cortex and epidermia, of either the clark reating-~~Teelium 

of!· albo....,trum. or the black microsclerotia of !• d!bliae. 

Since plants vere removed from the soil as aoon as there 

vere significant .,mptoms, it vas not possible to observe these 

s;ymptoma during our tests, in the greelÙl.Ouse. Out stems and roota of 

intected plants show the dark•brown discoloration of the qlem 

characteristic of Yerticillium diseasea. 

The flm.ga.a ca.n be readil;y iaolated from the stem. petioles, 

and leatleta of a diaeaaed plant. Vascular colonisation b;y the f'angu.s 

aeems complete Binee when petioles or stems are plated.. the tungua 

growe over the vhole surface. 
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:ngure 1. Dapui te alfalfa: check plant heal tll1', 
yellov leaves on inoculated plant. 

l'igure 2. Vil ting, yellowing, and defoliation of 
diseased alfalfa (Dopuits). 



- 4? -

2) Spptoma on red. alsike, and ladino clovera 

The BJII.Ptoms of Ver1;icilli'WD wilt on red, alsike, and 

ladino clovers aeemed to me all the same, eo will be discussed 

together. 

The SJII.Ptoms on clover plants autferiug from w11 t differ 

from tho se of alf'alfa. They- start wi th a sligb.t clearing of veina 

on the older leaves. The leaves become flaccid, then graduall7 dr7 

out and the lamina Bhrivels (Figure 3) • The color of leavea ch&Dges 

slowl7 from green to 7ellow grea (Figure 3) ; as the leaves die they 

become brown (Figure 4). In Jll8.D.Y casee, one aide of a lea.f appeare 

diseased, wbile the rest seem.s heal~ (Figare 5). The petioles of 

a.ffected leaves bend downwa.rds and as the disease developa. they dry 

out and turn brown (Figure 6). In some cases, plants are dwa.r:ted 

(l'igare 7) • 

The :f'u:nt;D.s can be eas117 isola.ted from petioles and leaves 

of diseased plants. 

3) Slmptoms on birdsfoot trefoil 

S7J11Ptoms of birdafoot trefoil are veey difficul t to 

recognize. Young stems generall7 show the trouble first. 1hese do not 

develop veey well and bend downwards. The color of leaves changes 

slowlf from green to yellow green and they are ea.sily deta.ched from the 

petiole which sometillles falls vith them (Jigare 8). 

The tangua ca.n be ea.silT isola.ted from the aerial parts 

ot the plant. 
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~1gure 3• Yellowing and shrivelling of leaves 
of als1ke clover (Common). 

Figare 4. Chlorosie and browning of leaves 
ot red clover (Chesapeake). 
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••1-..J....L-----------

Figure 5. Yellov1ng of one side of a leat 
of red cloTer (Cheeapeake). 

l!'igure 6. Shrivell1ng and diacoloration of 
leavee of red clOTer (Cheaapeake). 
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Figure 7. Stunted inoculated plant e.nd heal~ 
check of red clover (Chesapeake). 

Figure 8. Yelloving of lea.Tes &nd defoliation of 
birdafoot trefoil (Viking). 
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4) Sl!ptoma on aweet clover 

SJDPtoma of aweet clover look ver,r mach the aame as thoae 

et altalta and birdaf'bot tretoil. '• in the plants previoualy 

mentioned, the 7oungeat stems show QJDPtoaa tiret. The leaves change 

color from green to 7ellow green and are easil7 detached from the 

petioles. Ble pathogena can be isola.ted troa ateas. petioles, and 

leavea. 

5) Sl!l?tOJl\a on sainfoin 

The S1JIIPtoms of sainfoin wil t induced 'b7 !• albo-atrwn 

and !• d&hliae have been previoual7 described b7 Oourtillot {12) and 

Iaaac (20). 

These qmptoms are those of a badroçcotic disease and 

are first shown b7 the outer leaves of atfected planta. The tirat 

Q1Dptom obaerved ia a cleari:ag ot Teins ot the leatlets. This condi

tion i s followed b7 a cbaDge in the ir colour Yhich passes from green 

to pale green. The leaflets. in turn, tol4 upwards alo:nc the m1drib. 

then turn yellow and f1nall7 'Rown and dr7 out (:rtgure 9). Later the 

i:nner leaTes deTelop aimilar 1J711.Pto•. The fungna can be isolated 

eas117 from petioles and aoaetimes t'rom leaTea. 
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6) Sl!IPtoaB 011 lupig.e 

Y01:111g leatlets generall.7 show the troultle fi ret; they 

become flaccid and droop (l'iga.re 10) , occaaionally vi th soM degree 

cf twiatin& &lld curling. 'lh11 cc!2d1 tien ia aoon folloved b7 a 

diffuse chloroeia apreading from Yeilla (ligure 11). The leatleta and 

petioles gradual.ly colla.pee &1ld dr7 out {J'igare 12) aD4 later they 

fall resulting ill progresa1Ye defoliation. Ueuall.7 the affected plaat 

deYelopa oRly to a 11111 ted extent and then die a. 

1he fw1cu.s can be readily reisola.ted froa the abOYe grourul 

parte of a diaeased plant. Vascular colonisation 1t7 the tungus ia 

complete. 
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Figure 9. Heal ~ check plant, and inocula.ted sainfoin 
(Common) lhowing chloroeis, curling, and 
browning of leaves. 

Figure 10. Bea.ltby check plant, and inoculated 
lupine with flaecid leaves. 
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l'igure 11. Real~ check plant and inoculated 
lupine ehowing yellowing of leavea. 

Figure 12. Beal~ check plant and inoculated lupine 
ahowing Bhrivelling of leavea. 
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». B.elation o'f ap o'f al1'alf'a plants to infection b7 iaolatea o'f 
T, albo-atrp. am\ T, 4ahliae 

hom our prelimiDary iaocul.ationa in 45-cla7 old plants, 

it wa.a evident that theae were au1table for the stu.q of the relative 

patbogenicity of different iaolates of Verticillip. 'l'hen it vas 

decided to at'ad7 the e'ffect of ace of alfalf'a planta in relation to 

infection b7 iaolatea of VerticilliM. 

In the present uperilleD.t, planta atarted at 2000. were 

inoculated at ace• o'f 15, .)0 1 6o, 75. 90 1 108, &D4 1.30 dqa reapecti

Teq to learn if age had aome affect on the auceptibilitJ' of plants. 

l'irst, plans were made to make iaoculation at eTerJ' 15 dç"a atartiag 

wi th l~ old pl.&D.ta. Becauae o'f an accidenta.l ahortage of plants 

ve did not iaoculate 4.5-4&7 old planta and inoculated at 108 and 1)0 

dqs of age, inatead. of 10.5, 120, a.Dd 1).5 aa pl&Dned.. 

Planta of the T&rieties Dupuita and Vernal vere inoculated 

with iaolatea 1, 2, .3, &nd 5 of !• albo-&tr!Ja and 1 and ) of y. dahl.iae. 

Inoculation vas perforaed b7 dipplnc reota for )0 miautea in the 

•cerated tuncu inocula, Ten pl.&D.ts par treataent were crown, two 

per 4-inCh pot, in a greeBhouae where the thermostatic controle were 

set at 70 degreee J, Two non•iaocul.ated plants vere uaed aa controle 

for ea.ch treaiaent. 

The reaulta of thia e:çeriaent are presented in Tablee 14 

and 15 &D4, are Ter'#' intereatiag tacts haTe artaen from them, !he 

aaount of infection w.ried wi th the age of plants a.t time of inoculation. 

The data indicate that infection 11 miD.iiiWil when plants are inocul.a.ted 
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vhen veq 70UD.C ( 15 dqa) or old ( 108 clJqa) • S7JD.Ptoms de"f'elep more 

slowl7 on planta inoculated when 15 or 108 aDd 1)0 daT• than on 

planta tro• JO to 90 dqa old, aJ. thotl&'h tbe s7Çtoma on older plants 

vere •ore se"f'ere tàaD on planta inocul&ted vhen 70~r. Tbere vas 

pract1call7 DO ditfere:ace 1D. the ruot1on of the two "f'&l"iet1es. 

'l.b.e two 1aolatea ot !• allto-&in! collected in Qœbec and 

the ieolate ot !. 4ablit! troa ottawa• vere comparable iD Tirulence, 

to isolatea from Great Britah on alfalta plantA at a.ll aces. 



Isola te 

lfo. 

!· &lbo-atraa 

1 

2 

J 
.s 

I· dahliae 

1 

2 

Table 14 - l'umber of plants infected b7 T&rioua Vertic1111um iaolatea on 
a.lfalf'a planta (Dupuite) inocul.ated a.t different agea, at 20, 
40, &ad 60 dqa atter inoculation. 

Ace of planta (in dqa) at t1me of inoculation 

l.S JO 60 75 90 108 

Humber of daya atter inoculation 

20 40 6o 204060 20 40 60 204060 20 40 6o 20 40 60 

11)3 s 9 10 10 8 10 10 6 9 10 10 10 10 2 9 9 
2 4 4 10 10 10 10 10 10 6 8 8 9 9 9 J .s s 
0 2 7 J 9 10 2 J 8 0 0 9 5 .s 9 0 7 9 
6 6 7 3 10 10 4 7 7 4 8 10 10 10 10 2 9 9 

0 0 0 l 2 3 l 1 1 1 2 2 .s s s 0 1 1 

0 0 0 0 0 7 2 J 3 4 4 4 3 4 s 0 3 .s 

1) Humber of plants infected out of 10 plante inoculated. 

1.30 

20 40 60 

.s 10 10 

2 4 4 \,1\ 
~ 

1 4 .s 1 

.s 10 10 

0 0 0 

1 1 1 



Iso~ te 

llo. 

!· al]!o-&trull 

l 

2 

3 

5 

v. dl\hliae 

l 

2 

Table 15 - J'umber of plants infeoted b7 Yarious Verticill1W1l 1solatea on 
al.f'alfa plants {Venal) inoculated at different agea, at 20, 
4o, &Dd 60 ~· after 1nooula.t1on • 

..lp of plants (in d.IQ"a) at time ot inoculation 

15 30 6o 75 90 108 

Nu.bar of daïr• alter 1noculatioa 

20 4o 6o 20 4o 60 20 4o 6o 20 4o 6o 20 4o 6o 204o60 

11)4 4 9 10 lO 9 10 10 3 5 9 10 10 10 1 8 8 

5 9 9 9 10 10 9 10 10 9 10 10 10 10 10 0 6 9 

0 2 10 2 8 10 6 8 9 3 4 10 3 4 8 0 3 3 

6 7 7 4 910 9 9 9 4 810 5 8 10 2 7 10 

0 0 0 0 1 l 1 l 1 2 2 2 4 4 4 l 2 3 

0 0 0 0 1 1 2 2 2 3 3 3 0 0 0 0 0 0 

1) li'UIIiber of planta iateoted out ot 10 planta 1nocula.ted. 

130 

20 4o 6o 

4 9 9 1 

6 10 10 
\.1\ 
()) 

• l 5 5 
2 6 8 

l 2 2 

0 0 0 
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VII- DVI!lOJ1MiijlfT.lL :JAOTORS Ill RILA.TION' TO WlLT IllOIDDCE 

The i8port&nca of eBYiroument in the deTelopment of aoil-

borne diaaa.ae haa baen ertansiTeq explorad by MDl' inTestigators and 

this phase of resea.rch haa been ClftD iJI.Cl'eaaing attention. As a 

consequence, tbere ia vell 4ocamente4 proof tbat enTironaent often 

determines the geographie diatri'R.tioa, naaoD&l occurrence, and 

economi c iaportance, of a g1 Ten diaeaae. In atwliee of aoil-borne 

diseases cauaed b7 the Taacala.r parasites, the reactions to enTiro:amental 

influence ha Te oftan been TarT strild.Dg. Much attention bas been g1 nn 

to this phase of research in the a~ of Verticillima vilt of forage 

legames. 

A) Relation of the vater content of the soil to the denlopll8D.t of the 

d1seaae 

Soil moiature la an 1nfluential factor in the ecologr of 

diaeases cauaed b7 soil•borne organiams. 'l'his 1a soaetillea a factor 

wbich determinee the distribution of d1aeaaea with a reatricted geogra.-

phical rarage. from the litera.ture, 1t ia eTident tba.t no one set of 

mi sture cond1 tiona caa be optiriiDl fer Vertic~J:liua vil ta. 'the general 

opinion ia that the diaeaae ia eadeaic in areaa of higb. aoil moiaturea 

and sporad1c where thare ia u:ceasin rainfall in a aeaaon, but there 

ia much controTeray on the subject in the literature. 

Worbra on Verticillima vilta of different planta haYe 

arriTed a.t Tarfing conclusions on the affect of aoil moiature. Bewley (S) 
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and Williams et al. (57) ahowed that hea.Ty watering 1ncreased the 

intensi-cy- of atta.ck in tomato b;v !• albo-at.rum and y. clahliae. :Baker 

and Locke (.3) vere of the opinion tbat the epiphl'totic of V'erticillitua 

wil t of annœ.l cropa in Southern Oalifornia in 1944 vas the re sul t of 

extended. cool, clo~. and humid weather which perha.pa ma.intained a 

uniform aoil moiature. J.cain, wilt of horae-radieh caused b;y 

!· dabliae vas found b;y :Blat~ (?) to be seTere in d.a.'mp soil. Rudolph 

(40) and Ra.rris (18) obaerTed tbat daap aoil increaaed the intensi-cy-

of attack in raapber17 and hop reapect1Yal;v. Oaroselli ( 9) vorking 

vith maple, Rada (.38) vith cotton, and Va.:nderwalle aad Parmentier (53) 

vith chicor;y, also found tbat the disease wa.s 110st severe when the soil 

vas dallp. Mcleen (.31) believed that V'erticillium wilt of varioua crop 

plants occurred infrequenU7 in the Jlaga.ra Peninsula because aoil 

moistu:re vas low at the t1me when higb. 811lDIDer temperature might have 

favoured the growth of the tangu.s. Isaac (22) found t.bat !• d&hliae, 

!• niçescena, !• llUbilum, and !• tz:icorpua induced external qmptoms 

in anthirrinum onl7 when the aoil moistare waa higb. 

On the otb.er haDd, contrad.ictoey resulta haTe been presented. 

in other reporta. :ror instance, Van der Meer (52) a't'w!7ing pote.to 

wilt found that damp aoil reduced the incid.ence of diaeaae cauaed b7 

!· albo-a.trœa and !• dabliae. :Bidwell and Childe (6) tor maple trees, 

and Haenseler {17) and J'Œle (27) for atone-fruit treee, reported 

ertenaive 1nJ'ttr1' alter prolonged dr7 veather. Strong (49, 50) obsened. 

tbat heaTy soaldng of the aoil benea.th intected u.ple trees in the earl7 

stages of vil t resul ted in the disappea.rance of &7JDPtoms and atimulated 
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good growth. :B&ning ( 8) worldng wi th horse-radish• found that 

infection b7 !· dab.liae vas not severe in damp aoil. Ludbroolt (30) 

in experimenta wi th ecgpla.nts crowing under greeDhouse coDd.i ti one 

maintained the aoil at different percenta&ea of the moisture-holding 

capaci v b7 adding the required &IIOUD.t of va ter. and found. that aoil 

aoiaturea between 45 and 95 percent of the aoil capacitr bad little 

effect upo:n the incidence of Verticillillll wilt. l'elaon (32) worldng 

vith peppermint. Schneider (4J) workiag vith !• albo-at:rum in gwqu.le, 

and Isaac (20, 22) with !• Slfhliae in a&infoin and .!• albo-a1;rum in 

&Dthirrin'WI, obaerved tbat -.:rlllllllR vil t development occurs in aoila 

of com.paratiTel7 low moiature content. 

The re sul ta ci ted ahow th&t there ia :no agreement on the 

relation of aoil aoisture to the development of Verticillium wilts. 

Some autb.ors belien tha.t the diaeaae ia more severe in wet aoila and 

otàer diaagree. Diacrepanciea in obaerra.tiona and experim.ental reauJ.ta 

are poaaibl7 the reault of lack of eTaluation of the effect of aoil 

moisture on the hoat pla.D.t or misidentification of the pathogen. 

'l'he present inveatip.tio:n waa coDd.ucted to determine 

whetb.er variations in the aoil water content affected the incidence of 

diseaae in alfalfa. The moi sture-holding capaci -ey of the greenhouee 

soil waa determined followi:ng a aethod described b7 Piper (37). Soil 

vas passed through a 0.5 ma. melh. aieTe vith round holea. .A.fter 

thorough mi%1ng. the aieTed aoil vaa placed in a weighed (V1) circul&r 

metallic box (48 x 1•) vith a perfora:ted 'bottom which waa lined ineide 

vith a lfha.tman llo. 1 filter paper. Care waa talœn that the aoil waa 
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vell paclœd in the cont&iner, b7 ad.ding small quanti ti es of soil and 

tapping i t each time. '!he metallic box vas then placed in a di ah 

containing vater wh1ch waa cradœ.ll7 absorbed b7 the soU. .la the 

water leYel in the diah fell, aore water waa ad.ded to keep the leval 

constant. .A.fter about 13 hours, the metallic box vaa gentl7 talœn out 

and all the water a4her1Dg to the outer surface of the bottom vas 

wiped off witb. a piace of filter paper. The container witb. the 

sa.turated soil wa.a again weiped (V2) a:ad then tranaferred to an 

electric oven at 1oseo. and kept tbere in auch a position as to a.llow 

free access of air to the per:forate4 bottom. .1 plate of calcium 

chloride was kept in the oTan to abaorb the moiature released from the 

aoil. The meta.llic box w1 th the aoil waa weigb.ed from time to time 

until the weigb.t became constant; it waa cooled in a d.eaiccator and 

weighed again, recording the weigb.t as 11weight of box and oTe~ dr7 

so1111 (V3). The amount of vater absorbed b7 the fil ter paper was also 

deteradned. •ive filter papera vere weiched together and then saturated 

vith wa.ter. lllxceas water was remoYed b7 placing tha on a flat glass 

plate and gentl7 rolling a claas rod over them. The filter papera vere 

tb.en weighed again to determine the water reta1ned from wh1ch the 

&Tarage for one fil ter pa.per vas calculated (VAf). 

J'inall7 • the va ter hold1ug capaci v aa percentage of oven 

dr7 aoil waa determined ae follows: 

12 - v3 - 114 __ _....;; ___ x lOO 

•3 - wl 
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Vhere v1 ia veight of empQ" aeta.llic boz 

v2 ia veight of box and aaturated soil 

v
3 

is veigbt of boz and oven dr,r aoil 

v4 18 weigbt of vater retained b7 one filter paper 

The experiaent vas performed in tbree sets aimultaneoualJ 

and the average calculated. 

1he water-h.oldiDg capaci t7 in three replicate determinations 

was 57.96, 57.98, and 56.93 parent reapectiveq. Vith an average 

T<&lue of 57.29 percent 

T.bree moisture leTela, i.e. 25, 35, and 45 percent vere 

:œ.intained on oven dry veight basie of so11 and ranged vell w1 thin 

moisture-holding capa.citl' of the greeDhouse soil. 1 Di%1e cups1 coated 

wi th pa.raff'in wax, ha.ving 200 pa. of aoil in each, vere uaed. The 

210 cups necesear,r for the experiment vere firat weigbed and the mean 

was talœn as the standard veight of ea.ch eup. Plants of Vernal and 

Dupu1 ta varieties of altalfa vere inoculated at 40 c!qs old b7 the root 

dipping aethod and transplu.ted, one per pot, in the 1 Dixie cups•. 

T'hia experimen't waa pertoraed w1th 6 1aol&tel &nd l control for ea.eh 

vartev. 71Te replicates (5 cupa) vere u.intained vith each iaolate 

and. control. 'l'hia experiment vas performed at tvo different élatee in 

a greeDhouae where the thermostat1c controle vere set at ?QOJ'. Ea.ch 

experim.ent vas concluded 30 d.qs after inoculation. The moistare 

leYels vere kept constant b;r veigbing each eup every d.rq a.u.d adding 

water to maintain the original weigbt. Each eup waa placed at random 

on a table in the greeDhouse (See appendix for set ç of experi~~ents) • 
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Disease 1ntens1 tiea vere appraised three times duriD& the 

•tw'll". The heigb.t of plants (shoots) vas mea.sured the d.q' of inocu

lation and again when the experiment vas terminated, .30 &ç's later. 

The above-ground parts of the plants (shoota) and the below-ground 

parts (roote) vere caretul~ washed, oven-dried, and the weighta 

deteraiaecl on a gr.....,tic b&J.a:Dce. 

l) Disea.se 1nt.enait;r 

To determine diaease denlop118nt wi th time, the intenli ~ 

of &71JlPtoll8 was appra.iaed. folloving a qatem described in "MlTBRilLS 

.un MI'.ŒOŒ1 • Iotas vere taken eftcy- 10 dqa, till .30 da.J's after 

inoculation. Dl.e resulta presented in :figures 13 and 14 are the aTerage 

of two experim.ents. 

hom the resulta of Jligurea 13 and 14, it seems tbat dcy

aoil (2'-') faTors the deTelopment of the disease caused by !· albo-atrua 

isolates and that soils vith higb.er water content are faTorable to 

!• dahl.iae isolates. The ab: graphe of these two figures show ve'Q' 

vell this d1fferent1at1on between the two groups of iaolatea. Isolates 

nos. 1, 2, and 5 of !• tlbo-atra.m g&Ye draatic resulta; noa. 1 and 2 

of !• dabliae are Te'Q' lllil.d. patb.ogens, a.nd no. 3 ot y. albo-atrœn seema 

to be an 1ntermed1ate between the two groups at the three aoil aoisture 

levela. 

!• albo-at;ram 1aolates noa. 1, 2, and 5 have a more 

pronounced effeot at 2~ tban 45~ ot soil moisture, on beth T&rietiea 

ot alf&lfa. Iselate no. 3 of !• albo-at,rum ia a 1111.14 iaolate indue1ng 
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qmptoma later tbaD. the two othera. Iaolates 1 aD4 2 of !• dahliae 

seem to 'be more pathogenic at lf.Sf, than at 25~ aoil moiature. 

!• dahliae 1 appeared arirulent on Dopuits but wae aore Tirulent th&D. 

I· 4M.J.iae 2 on VerDal.. 

An interesti:ng fact ie that the dieeaee index vas higb.er 

10 and 20 ~s after inoculation tban alter 30 ~· in some inatances. 

This vas obserTed vith !• dahl.iae isolate no. 1 on Du.puits at 45f,. 

l• albo-atrga ieolate no. 3 on Du;puits at 45f, aoil moisture and on 

Vernal at 25~ cave a lover disease index at 20 ~~ tban at 10, riaing 

again to a -.xiiiWD. at 30 cbQ'a. In all the other cases, the curve was 

at ita maximum 30 a.ys after inoculation. 

2) Increase in length of sh.Gots of alfal.fa. plants 

'lhe increase in lellgth of alfal.fa plants vaa determined b7 

mea.suri:ag their height from the soil lenl to the tep of the plant, 

on the c1a.te of plaatiDg and &pin at the end of the experiment, 30 ~ 

later. 'lhe resulta are given in ligure 15. 

The re sul ts are difficul t to interpret and varietal 

difference are not consistant and sometimes the resulta between the two 

Tarieties are contradictory. 

Uninooulated control plants of both varieties grev equall.7 

vell at 35f, and 45f, soil DlOiature. The data of ligure 15 ahov clear~ 

that 1solates of !• albo--atrwa iDh1b1t grovth much more tban !• dâb.li&e; 

!. plbo•trum itolatea noa. 1 and 2, from l'ormandin, had the moat 
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~igure 15. Bffect of three aoil moiature levels on the 
increaae in length of Bhoots of two varietiea 
of alfalfa inooulated with Tarious isolates 
of Verticillig. Unehaded portion of bar in 
each oaae represente T&lue for correeponding 
uninoculated control. 
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dra.stic affect. 

!• albo-a.t;rum isolates nos. 2 &Bd S restricted gowth sf 

Dapuita ust at 4~ moiature-holding capacit:r; !· albo-atrqa no. 1 

vas equal.ly dre.stic at all moi sture leYela. On Vernal, !• albo-atrp 

2 and S were as 1D.Jt,:rrious at lov as at higb. aoil m.oisture lenla, and 

!• albo-atrg no. l again vas injurious at all leYels. 

An interesting fact here encountered ia that in aome series 

inoculated plants grew much taller thazl the correspo:a41D.g uninoculated 

controle. It appeara tbat in thase cases when the Terticilliu 

isolates vere not Yirulent th87 exerted a st1Jmlato17 affect. 

3) PFz veicbt of shoots of alfalfa planj(s 

To determine the effect of soil aoiature on the dr,r veight 

of shoots inoculated rith T&rious isolates, t'b.e followiag experiment 

wae conducted. 'l'hirt.l' &iqs after transplantin&, all the shoota vere 

seYered from the roots by cutting them at aoil leYel, they vere dried 

to constant veigb.t in a thermostatically controlled oYen at 100°0., 

usually for about 24 hours. To absorb mo1sture, a plate of calcium 

chlorid.e vas put in the onn. The shoota vere weiched wi th a gram-a tic 

baJ.a.nce. The rasults of one experi~~.ent are presented in Jligare 16. 

The graphe in J'igare 16 demonstrate th&t alfalfa plants of 

both T&rieties tend to atta.in mu:ii&Uil dl7 weigb.t at 35f, soil aoisture. 

Isolatea of I· albo...atrwl!, 1, 2, and S. cause tb.e greatest reduction 

in dr,r weight at aJ.l aoisture leYels, vi th the exception of ieolate S 

at 25f, soil aoisture tor the Dapuits T&rieq. 
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Jigure 16. Effect ot three soil moisture levels on the dry 
weight of shoota of two varieUes of alfalta 
inocula.ted wi th various isola tes of Vert1c1111um. 
Unsbaded portion of bar in each case represente 
value tor correaponding un1noeulated control. 
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Dr7 weigbta of the two Ta:rietiea were at:f'ected differMt-

17 b7 the pathogena. 'l'be weigb.t of Vernal pla.nte waa reducecl more 

t:ban th&t of Dupui ta. 'l'hia ia in agreement wi th the ela ta for diaoaee 

intenaiq; the mea.n 41aeaae ilad.ex waa higber for Vernal tban for the 

Dupuits va.rieq. 

On the Dupu1 ta nrioq, all the iaolatea of !• albo-atrwp. 

a.nd of !• dahliae cauaocl a creater clecrease in the clr7 weight of 

shoota at J5f, tban a.t the ether aoil aoiature loTola. Isolates 1 a.nd 

2 of !• dahliae aeea to ha Te atialated the growth of Dapu1 ta at 45~ 

aoil 1110isture. The Vernal Tarieq &lao shewa complex resulte: !• Mbct"':. 

atrwg , iaolates 2. 3 and 5 and iaolate 1 of !· laJll.iae were more 

injurioua at 3, whereaa iaolate 1 of !• §lbo .... tzwa vaa aore pathogenic 

at 45t/t. Iaolate 2 of !• dahliae wae equally injurioua a.t 35'% &D.d 4!fl, 

moiature-holdiug ca.paci tT, and caused no 1njur;v at 2,. 
1.he ba.:r gapha in J'igure 16 give a good idea of the affecta 

of the pathogena. 1.he dr7 weigb.ts can be correlatecl wi th diaea.ae 

1ntena1 v, aince the effect of the losa of loavea and the recluction of 

photoQnthesia are meaaured by this methed. 

4) Drz WJlich'të of ruts of alfalf& planta 

The present 1ueat1ption wae conducted t4t cletel'lline the 

effect of water coatent oa roota of inoculated. planta. Planta were kept 

for JO d.lqs atter inoculation and then the shoot a.nd the root were 

aeTered. The planta were 1'8110Ted from the 8 Dine o"Ups• b7 cutt!Dg the 

cçs in two parts. then tea.ain.g the roote from the soil. The roota 
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were washed and rinsed in two changea of wara water, then were oven 

dried in the aame wa7 as the lhoota. The resulta of one experiment 

are given in J'igure 17. 

lt ia difficult to give aDT conclusion from the above resulta 

since there are conflicting resulta. But it seems that when an iaolate 

stops the developmsnt of the shoots. 1 t also does the aame for the 

roots. 1he control plants of Dupuits developed a sl1Cht17 better root 

qate'Dl at 35f, tban a.t 25f. aoil 110iato.re; the 'fel'D&l. control plants ha4 

better root •1•tem at 3~ and 45% tban at 2~ aoil moisture. 

!• &lbo-atrwn isola.tes l and 5 atf'ected reots of Dapuits 

ure at 35~ aoil 11101sture t'ban at 2sf, and 45%. Isol&te no. 2 did not 

show JBUCh difference in 1 ta action at 25tf, and 35% ao11 moi sture; iaol&te 

no. 1 of !• 4ahliu reduced the weight of' the root &7Btem most a.t 25% 

aoil DlOiature. Inoculation with y. albo-a.t,rum 5 and y. dahliae 2 isola

tes increa.sed the dr7 weight of the root B7atem a.boTe that of the con

trol at 2;d, soil moisture, and isolatea l and 2 of y. d&hliae both 

increased it at 4~. 

'fernal reacted dif'f'erentl;r than Dapui ts. 'r.t.lere ia no 

difference in the weight of roots of the controls at 3~ and 45~ aoil 

moiature. Iselatea l, 2, and 5 of !• albo-at.rma interfered 110at with 

the development of root qstem, tollowed b7 isolate no. 1 of y. cl@hli&e. 

Iaolates nos. l, &Dd J of' !• albo-a.t;rum bad moat affect on root deTelop

ment at 41J,, no. 2 at 35~. and botb. nos. 2 of !• dab.liae a.nd 5 ot !• a.lbo

&F9! induced equal effecta at J~ and 4Stf,. The dr7 weigh.t of root1 

vaa c;reater th&n tbat of the control when inoculated wlth !• clahlig 
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ligure 17. Effect of tbree aoil moisture levela on the 
dry weigbt of roota of two varietiee of 
alfalfa inoculated wi th various iaolatel of 
VeJj'Jcill&:gm.. Unabaded portion of bar in 
each e&ae representa value for correaponding 
uninoculated control. 
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no. 2 at 2~ aeil moiature. 'D:Lis iaolate ia the onl1" one vhich had 

the aame effect on both alfalfa T&rieties. 

») Relation of air temperature to th• deve1opment of th• diseaae 

Work:era on Verticilliwa vilts of planta have arrived at 

different conclusions on the etfect of air temperature on the diaeaae. 

Eclson and ShapovaloT (14) dealinc with Verticilliwn wilt of potato 

auggested tbat there vere two straina of the tangua, one found in the 

northern regions of the u.s.A. and the other in the aouthern area. 

The southern strain, which foraed m1crosc1erotia. in cul ture, ahowed a 

better adaptation to higber temperatures and grew fairly wall at 30°0., 

vhile the northern atrain in wh1Ch micreaclerotia were practically 

absent adapted itself more readilf to lover temperatures and did not 

grov at JOOC. !T1e1aen (JJ) vorkiD& with !· albo-a.t.rwJ! of pota.to, 

noticed tbat infection ie dependent upon early &Ullllll.8r temperatures. In 

1945, in Idaho, when the early groving season was cool, the diaea.se 

appeared late and vas of minor importance. ln 1946, when the early 

summer was much warmer, the disease developed generally in epiph7totic 

proportions and the vines in numerous potato fields were dead by 

September l. Bewley (S) atated that in greenhousea in llngl•nd, the 

months of June, July, and .luguet vere 1lllfavourable to the rapid progress 

of the disease on tomatoea, and he suggested that control could be 

effected by raieiD& the temperature of the tomato-houae above 15°0. Be 

did not differentiate between his iaolatea and simply referred to hia 
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erp.nisa aa !• albo-at:r't!:!!!• Iater. Williams (57) presented experiment

al eridence indicating tbat infection of a Tarie'Qr of tomato b7 

!• albo-at.rum vas checked b7 warm condi tiona, and that b7 !• àêhliM 

aomewhat lesa ao. Low temperatures vere also fotmd to faTOur infect

ton of cucumbera by !• albo-at,;rum. Lwlbrook: (JO) d1fferentiat1ng 

between the two tJpea, reportad that!. dahliat induaed disease &~toma 

in eecplant at aoil temperature• of 12°-)000., but not at )2°C., 

vhereas !• albo-at&::.g caused di seaae at 2800 • and below but not at 

J0°C., the optillUII temperature in each caae being between 19 and 2)00. 

Robinson et al (41), world.ng vith potato, fotm.d tbat !· dahliae 

(paeud.osclerotial eype) was moat pathogenic at 24° and 28°0,, whereaa 

!· albo ..... t.Tum (dark JQ"celiu) cau.aed more diaease at 16° aud 20°0. 

Iaaac (21) vorld.ng with sainfoin and toma.to foUDd tbat the microsclero

tial fora of Verticillium was pathogenic to theae two plants at 2,50 a.nd 

27°0 •• but at th.ese temperatures the dark JD7Celiu form did not induce 

Yilt. .Arndt {2) fotm.d tbat !• albo-at,;rum did not produce lesions on 

cotton aeedlings at 2400. and higher temperatures; and at lower tempe

ratures produced amall leaiona on onlr a small percentage of the aeed

lings. other vorkera, lib Stepantsev (48) worldng vith cotton and 

OaJIUD. (35) with eggplant and lldgiDgton et al (13) vith tomto agree that 

!• dablia.e 1a more effectin in ita pathogenici"Qr at relati'Y817 high 

temperature thau !• albo-atr91. 

'lo detel'lline the relation between temperature of air and 

tl:ae patb.opnici"Qr of the Verticilliu iaolatea nos. 1 1 2, J, and S of 

!• a.lbo-e.t.rua and !• dah1iae l and 2 on Dopuita and Vernal alfalfa 
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va.rieties, experimenta vere carried out in three grovth chambers 

maintained at 15. 20, and 25°0. respectivel.7. These temperatures are 

vithin the grovtb. range of the isolates ueed. 

Plants vere inoculated vhen 4o daTa old b.Y the root dipping 

method and tranapl&nted one per .Di:de eup. 

There vere fiYe replicates {S cups) tor each isolate and 

the control. The vhole experiment vas repeated atter an interval of 

several veeks. The cups vere pl&ced at rtmdom vithin the growth challlbers. 

Observations were taken on disease intensi ty, length of plants. a:ad 

dr,r veight of roota and shoots as described in the pre'V'ioua section. 

All the resulta presented are the &Yerage of tvo experimenta and all 

the techniques uaed vere the 8&118 as in the so1l moisture etudies. 

1) Diseaae intensit;r 

The reaults of ligures 18 and 19 show good. unitormity in 

the beharlour of the two varieties. The two varieties rea..cted much 

alike to all the respective isolates. !• &lbo-a.trum isolates gave 

higher disease indices than !• dab.liae, and the index tended to be aome

what higb.er in some instances at 15°0. or 20°0. tban at 25°0. The 

disease index wa.s rela.ti vel.7 higher at 25°0. tb&n at 15° or 20°0. for 

both isolates of!. aahliae. Disease indices vere alightq on Vernal 

than on Dnpui ts. SJD~Ptoms developed more rapidJ.7 on Vernal than on 

Dapuits. 
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2) Increaee in lent;th of shoota of alfalfa pla.nta 

.A.s shown in l'igure 20, the most sui table temperature for 

the increase in the lengtb. of plants ia 20°0. • regard.leas of variecy 

and inoculation. :Soth varieties responded alike to the three tempera-

tures. The isola.tes of !• albo-a.trum had more effect on plant length 

tba.n did those of !• dahliae. !· albo-atrwn isolates nos. 1 and 2 

vere most inJurious than nos. 5 and 3. !• dahlias isolates nos. l and 

2 vere alike in their effects. 

Isolates of !• a.lbo-at;;rum had tb.eir greatest effect on the 

length of inoculated plants at 20°C. Vernal wa.s affected adversely b7 

all isolates of !• albo-at;rum at all temperatures. Dapuita was 

a:f.'fected little or not at all by !• albo-atrum isolate no. l at 1,5'>0. 

and by !· albo-atrwn nos. 5 and 3 at 2,500. !· dahliae iaolates 1 and 2 

both reduced lengtb. of shoots of Dupui ta slightl7 at 20 °C. • but 

i:a.creased length oTer that of uninoculated controle at 1,0 and 2.5°0., 

and increaaed the length of Vernal at all three temperatures. 

3) 1hz weigb.t of shoots of alfalfa plants 

The data. given in Figure 21 demonstrate that the dry weight 

of shoots of Dupuits was decrea.sed most at 20°0. b7 !• albo-atru.m 

isola.tea 1 and 2 and was reduced by !• albo-atrum at 2,5°0. There waa 

little effect at 1.5° and 2.5°0. vith y. albo-at.'l'WJ! isolates l and .5. 

a.nd an increase at all temperature with !• albo...at;;rum 3. 

The dry veight of Vernal Shoots vas decreased by all four 



(1) 

2 
u 
z 
'% .... 
<!> 10 
z 
"' 8 
..J 

6 

4 

2 

0 

• 15"C. 

B zo-e. 
IJ 2PC. 

v .• 

- 80 -
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ligure 20. Effect of three temperatures on the increase 
in length of shoots of tvo varietiea of 
alfalfa inoculated wi th various isolates of 
Vert1cill1um. Unabaded portion of bar in 
each case represente value for correeponding 
uninoculated control. 
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80 DUPUITS 

Figure 21. ll:tfect of t.hree temperatures on the dry 
we1ght of ahoots of two varieties of 
alfalfa inoculated with various isolates 
of Verticillium. Unshaded portion of 
bar in each case repr~sents value for 
oorresponding uninoculated control. 
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isolates of y. a1bo-a.trum a.t a11 temperatures, except 2580., where 

!• &lbo-atrum 3 induced an increase. !• dablia.e iaolate 1 cauaed 

a sligb.t decrease in shoot weigb.t of Vernal at 1500. and !• dabliae 2 

at 2000.; the wei,;hts were increased b7 inoculation at the other 

temperatures, a.ud in all cases on Dupuits. 

~ese resulte, like those for eftects of aoi1 moiature, 

indicate that diaea.ae 1ntensit7 and the dry weights of shoots are tvo 

measures of disease effect which appear c1oaeQ- correlated. 

4) D!7 weight of roots of alfalfa planta 

The resulta presented in Figure 22 show tha.t 20°0. ia the 

temperature which favors the deve1opment of the root &7ste11 of alfalfa 

plants. T.b.ese resulta aJ.ao de110natrate th&t the iaolates of !• albo

at:rpa affect the dr7 weigb.t of roots 110re than do those of !• dahliae, 

and tha.t isolatea of !• albo-atrum are iuJurious at the tb.ree tempera

tures employed. 

The dr7 weighta of roots of both varieties were decreaaed 

b7 all isola tes of !• a1bo-at;rwn at 20°0.; reduction& were alao 

induced a.t 150c. by all iaolatea, except !• albo-at:rwQ no. J o:a Dapuita, 

and amall reductions at 2500. e:z:cept b7 !• albo-atrum no. 1 on Dapuita, 

and b7 !• albo-atrum no. 3 on Vernal where there were slight increa.aes 

in weigb.t. 

!• dahlia.e isolate 1 redu.ced dry weigb.t of Dapuits shoots 

at 15° and 20°0., and increa.aed them aligb.tly at 25°0.: !• dahlia.e 2 

increased weigb.t of Dapuits s1igb.tly at all temperatures. Weight of 
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Vernal shoots was d.eo:reaaed slightl7 b7 y. dahliae 1 at 15°0., 

inc:rea.aed slightl7 at 20° and 25°0., and decreaaed slightl7 b7 y. dahliae 

2 at all temperatures. 



- s.s -

VIII- DISCUSSION ABD CONCLUSIOIS 

Survey-s on :f"arm fields o:f" forage legumes in the Province 

of Q.uebec haYe given ua the chance to lea:rn something about these 

crops. The presence of anov as a covering appea.rs to be ver;r important 

:f"or the survival o:f" legaminous plants. Wo vinter-killing occurred in 

legwae plots a.t llormand.in, where the fall of snov vas Teey abundant, 

and. at Ca.plan plant survival was lltiCh better near fences where the 

8D.OW bad acc\111Ulated. 

Plants vhieh had been •vinter-ld.lled" vere collected on 

all the farms viel ted during the tiret survey- made in June. and cul ture a 

o:f" Verticillium vere not isolated. Daring the surve:r in the montb. of 

August, !• albo-at;rum was isolated from plants of al:f"alta and ladino 

clover collected at Hormandin, and y. dahliae from red clover plants 

collected at the Central Bxperimental larm, ottawa. 

TWo eoncluaiona •7 be drawn from the isolation of Verticil-

1!!!!!! in Aucuet and not in June, and from the occurrence of !• albo

atru.m at Bo1'118lldin, and !• dabliae at ottawa. The finà.ing of Verticil

li'Wil isolates in .&:ugust migb.t have been expected, since 1 t h&s been 

reported that the qmptoms on alfalfa are more severe tovards the end 

o:f" the season (.SS). The occurrence o:f" V. albo-a.trum at llor:u.ndin and 

!· dabliae at ottawa 111&7 be a retml t of the tem.perature relationehips 

of the tvo species. The mean temperature during Jul7 at Ottawa waa 

68.60J'., aucl at Bagotville, in the region of Lake St. Jehn, it vas 

6).8'T. 
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Cul ture a of J'uaa.rium vere the tung1 mo at colllloDly iaolated 

from the •teriala collected; !• cullloram. and !• aveD&Ceua were the 

species most freqœntl.y isolated. The role of Fuaariua apecies in the 

root dilease complex J1!JB.'T be that of a veak pa.thogen capable of doing 

dama.ge vhen the plut bas been wealœned by other factors, aince theae 

f'u:Dgi vere co•onq isolated from dead or rotten plaut material. 

Intereating ob•enationa vere made durinc the atudiea on 

the affect of temperatures on the _,celial growth of different iaolatee. 

The cultures of !• albo...at;:rua t,pe geurall7 g;rev better at lover 

te.~~pera.turea tJ::aan did cultures of y. dahl1ae. Iaolatea of y. dahliae 

grev well at .)0°0. and thoae of !• albo ..... tru! alovq. Theae differ

ences in temperature reaponae are in accord vith other reporta (21, .30) • 

.A reduction of paeudosclerotia.l fon~&tion at :30°0. vas noted vith 

iaolates of !• dahliae, noa. 1 ami .). This fact haa been preTioual;r 

reported (41, .5.5) Nld Wilhelm (.56) states tha.t it veakens the reliabili"Q' 

of apeciea separation based on this character. 

The presence of tvo grovtb. peaks, at .)0° and 20°0., vith 

iaolates 1 and 3 of y. dahliae is difficult to e.xpla.in since US't.lS.ll;r a 

tungu.s has a minimum, a ma.xim.um, and an optim.um temperature for growtb.. 

In the present case, the growth in diameter of the coloDT vas meaaured; 

this k:ind of meaaurement is valid onl;r to a lilllited extent beeause it 

does not consider the maas of !Ç"celium. J.t 2QO and :3()00. these straine 

of !• dahliae apread taster on the agar tban at 2,5°0. • but at 2.5°0. 

there vas more a.erial grovth than at 20° and 30Go •, a factor which wa.a 

not mea.aured in our atudiea. If dr7 veight of the colonies bad been 
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measured, it ia poasible that there would have been onq one growth 

peak. 

ln the pathogenici -Qr trials both !• albo-atrum. and !· dahliae 

isolates t'rom forage legumes vere strongly pathogenic to lupine and 

sainfoin, but isolatel!l of !• albo-atzum vere more pathogenic to al.falfa. 

birdatoot trefoil, and tomato th&n vere thoaa of !• dahliae. The 

isolates ot !• clahliae vere more virulent to red, alaike, and ladino 

clovera t.baD. vere thosa of !• albo-&trum. The resulta obtained with 

aweet clover are not ver.r aignificant aince onlT one isolats of each 

species waa able to attack onl.7 a few plants. The isolates of !• .!!Q!.

atrgm., nos. l and 2, collected at lforma.ndin vere as pathogenic to 

birdsfoot trefoil, red, alaike, and ladino clovera &nd lupine as auy 

other holates, but the;v were lesa virulent to alfalfa than the European 

iaolates .3, 4, and s. The iaolate 1 of!· clahliae from red clover 

collected at Ottawa was appreciablJ more pathogenic te altalfa than the 

two lluropean isolates of !• dahliae. The se resulta do not agree vi th 

thosa obtained b;y Isaac (24) who tested iaolates of !• albo-a:tru,m and 

I· dahli§e from alfalfa on clover {Dorset Marl, Merlœr, Double Cut 

America.n, Italian Broad Red, .American MUIIIoth, and S 12.3) , aainfoin 

(Common), and tomato (Xondine Red) and found that tbe7 vere ver;y 

pa.thogenic to tomato and could not attack sainfoin and clover. The 

ftrieties uaed in the testa at Macdonald Collage 'IDifq have accounted for 

the different resulta. The varieties uaed for determining the host 

range of Vertioillium iaolates ay be a veey important factor. 

The resulta obtained indicate that most forage legumes, vith 



/ 

- 88 -

the possible exception of sweet clover, ~ be attacked to a certain 

ertent b7 iaolatea of Verticillium from any forage legume. The 

apparent inabiliey of !• albo-.atrum isolates 7 and 8 from pota.to and 

tomato, and !• dahliae no. 4 from sunflower, to atta.ck alfalfa. is 

encouraging. It explains the failures reported b7 n.rious worlœrs in 

thair attempts to infect forage legumes vith Vert1cillium isolates 

from other crops. If isolates f'rom most other hosta are unabla to 

infect forage legumes, then Verticillium wilt of these crops ma7 be 

kept wi thin limi ts b7 preventing or ahowing the spre&d of a trains 

which attack them. 

S7JDptoms obtained on inocul.ated plauts are genera.ll7 thoae 

of a. true hadrom;rcotic diee&se on al:talta, birdsfoot trefoil, sainfoin, 

and lupins. The s1Çtoms on clover differ from tho se on alfalfa and 

are variable, aometimes differing from pla.D.t to plant vi thin the same 

trea:tment. The qmptom.s on alf'alfa wilt can be con.ta.aed wi th those 

ca.used b7 Comeb&cterium insidiosum (McCulloch) Jensen, the causal 

organiam of ba.cteria.l vil t of alfal:fa., and tho se on a.l:fa.lfa. and cloTers 

can be confused with tb.ose caused b7 IUaarium species or boron 

deficienc7• 

'l'he studl' of the ef:tect of age of a.l:talta plants on the 

pathogeniciey of different isolates haa demonstrated t:bat botb. Vernal 

and Dupui ta are le as auscepti ble when tb.e7 are TQUUg, and relati vel7 

old. Both va.rietie a vere most hearll7 inf'ected when 90-de;;r old plants 

were inoculated. Botb. isolates of!· dah].iae haft failed to atta.ck 

plants of the two Y&rieties when th.e7 were 15 ~· old. It haa 
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appeared that old planta which became infected ahowed much more 

pronounced 7ellowing of leavea than 7ounger planta. It would have 

been 1ntereat1ng to continue the testa with atill older planta, but 

none vere available. This apparent resistance of older planta ~ 

be due to heavier lignification of older roota and consequent inability 

of Vert1c1111um to penetrate them. 

The three levels of aoil moisture-holding capacitr of 

greeDhouse soil, 2Sf,, JSf,, and 45'f,, can be deacribed as dry, normal. 

and wet so11 reapect1vel7. The effects of moisture content are of 

intereat aince an increaae or a decrease 11J1A.Y favor or dow down the 

grovth of the tu:ngua. 'Dûs ia well shown b7 the two apecies of fungi: 

!• albo-atrum iaolatea induced more severe externa.l &7JI1Ptoms when the 

ao11 moiature was low with the exception of iaolate J on Vernal alfalfa, 

where the diseaae index. was higb.er at 45~ aoil moiature. The aymptoma 

induced b7 iaolates of!· d.ahliae were more pronounced at 4Sf, than at 

other aoil moistare levels, except for isolate l on Dupuite where the 

diseaae index. waa lover at 45~. 

1fhT did theae two groupa of Verticillitlll i.solates react 

differen~t The host-parasite balance ~ have been upaet b.r the 

effect of theae conditions on the tungna, or perh&ps b7 a change in the 

metaboli.a of the host reaulting in reduced resistance. This ahould be 

investipted further in future. 

The effect of moiature content of aoil on increase in 

lengtb. of planta and on the dry weight of shoots and roots was a1milar 

in .110at cases. 'D:Le resulta show that almoat all ieolatea atfected the 
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dr:y weight of shoots and roota and the increaae in lencth of plants of 

both Tarieties more at 35~ and 4~ tban at 25~. The increaae in lengt.b. 

of Dupuite was affected b7 isolate 3 of y. albo-atru.m m.ost at 25~. and 

the dey weight of roota of the aame Tariev wae reduced b;y isolatea 

nos. 2 ot !• albo-a.trœn &Dd 1 of !• dab.liae most at 25~. 

A most intereeting finding ie tbat when plants vere not 

injured b;y Verticilliua iaolates, their dr;y weighte or lengtha were 

greater than that of the checks in aome cases. In these instances, 

the &Tirulent isolates appea.red to stilll'lllate growth in soma WIQ"• 

ln the experimente on soil aoisture relationahips, the data 

for diseaee intensiv, shoot length, and dey weigb.t of llhoots u.d 

roots are not in Ter.f close agreement. One can ·~ the affect of 

specifie aoil moisture leTels on the deTelopment of the diaease b;y a 

Mthod of diseaae appraiaal or by quanti tati Te meaaurements, auch as 

number of plante wilted out of a certain number of inoculated plants, 

as did Isaac (22) • :Both kinds of data are interesting aDd uaeful, &Dd 

the choice depends on the information deaired. As far as we are concerned, 

the dry weigb.t of shoota ia verr important sinee it ia affected by the 

falling of petioles and lea.Tea. Judging b7 our resulte, roota aeem to 

be affected as much as shoots, aines their weigb.ts tollow almoat the 

same pattern. 'l'he dr,r waight of shoots 18 greater tban that of roota. 

The resulte of our etudies show that the effect of tempera

ture on Verticilliua wilt of alfalfa differe according to the apeciea 

of Verticillium inTolTed. Iaolates of !• dahliae induce more external 

symptoma at 2500.; isola tes of !• al.bo-atrum are faTored by lover 
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temperatures vith the exception of isolate 2, which gave a higher 

disease index on alf'alfa planta at 2.5°0. Theae resulta correspond 

vith the reports of' Williams (.57), Ludbrook (30) • Robinson (41), 

Stepantsev (48). Osmun (.3.5) • and Edgington (1.3), wort::ing respectively 

with to•to, eggplaD.t, potato, cotton, eggplant and tomato, tbat 

!• dahliae cauaed more severe qmptoms tl:lan y. albo-&trum at relatively 

higb temperatures. 

There seems to be a good correlation between the ef'fect of' 

teçerature on the increase in length of pl.a.nts, and on the dr7 weichts 

of shoots and roots. The growth of ])upui ta was affected most adverael.y 

at 20°0. by moat isolatea, except tbat isolate l of T. d&bl.iae atimula

ted plant growth at 1.5° and 2.5°0., and isolate 2 of y. dahllae at all 

three temperatures. The va.riecy Terual reacted differently; most of 

the isolates affected it most adversely at 20°0., but isolate l of 

y. dahliae vas more inju:rious at 1.5°0., and isolate y. dahliae 2 varied 

in its activity. 

The se re sul ts were unexpected Binee they do not ahow the 

distinction between temperature affects on the activity of the two 

species which bas been reported in the literature. Thia diacrepanc7 

ma:r be e:z:plained by the !act tbat the range of temperature waa not wide 

enough to distingu.ish effecta on the two groupa of isolatea. Our resulta 

for the affects of temperature on the severity of s,rmptoms induced by 

the two species are in accordance wi th tho se of aJlT other workers. 

J.pparently no earl1er investigators have determined the affect of 

Terticillium infection on the increase in length of plants, on the dry 
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weigb.t of roots and shoots, and the influence of temperature in producing 

these effects. 

In conclusion, this work bas demonstrated that species of 

Vert1cillium capable of attacking forage legumes are preeent in the 

Province of Quebec. Studies in controlled environaents should be extend

ed to include vider ranges of temperature and soil moisture, &nd the 

resulta should be analysed sta.tistica.ll.J' for g:rea.ter relia.bility. 

Jlurther etudies are pla.nned to find wlv' Vert1cill1ua wilt of leguminous 

plants is not ;yet prevalent in llorth America, and particularl.J' in Q,uebec. 
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IX- stiiMARY 

Verticilliua albo-atrum was isolated from diseased plants 

of alfalfa and ladino elever, and Verticillium dahliae was 1solated 

froa wilted red clover plants. This ia the tiret time that Verticillium 

bas been iaolated from ladino elever. 

1he tung1 vere grown on P.D..A. at w.rious temperatures. 

Isolates of !• albo-atrwa grev mw:h more slovl.y at 30°0. than the 

iaolates of!· dahliae, but more rapidl7 at 7.5°0 • 

.llfal.fa, red, al eike, ladino, ud aweet clovers • sainfoin, 

lupine, birda:t'oot trefoil, and tomato plants were inoculated. Isolates 

of !• albo-a.trum and !• !i*liae. from forage legumes were strongl.y 

pathogenic to lupine and sainfoin. Isolates of y. albo-atrum were more 

pathogenic to al:t'alfa, birdsfoot trefoil, and tomato tban were those of 

!• dêhliae. llolates of !• &Lhliae were more virulent on red, alsike, 

and ladino clovers tban were the isolates of !• albo-atrum. 

Young (15 ~s) and relatively old plants (108 and 130 dqs) 

were lese susceptible to all isolates of Verticillium than vere plants 

of intermediate age. 

'l'he S7Jilptoms of wilt were described on the various legwni

nous plants and in most cases were those of a 'Q"pical badrOJil'COtic 

diaease. Those obtained on clovers vere different in some respecta. 

Studies in controlled eDVironments ahowed tbat a soil with 

low moisture content favora the development of aymptoms on al:f'alfa 

pl.a.nts inoculated with !• albo-atrum, and tbat higb. soil moisture favors 
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!• dabliae. The increase in length of plants, and the dr~ weigb.t of 

shoots and roots. are affected most adveraely when plants inoculated 

either apecies are maintained at 35~ soil moisture. 

A temperature of 15°0. 1s most favorable for the induction 

of BJ111Ptoms on a.lfalfa b7 !• albo•trum and 25°0. tor !• dahliae. '!he 

meat draatic reductions in the lengtb. of plants and the dr7 weigh.t of 

shoots and roots occurred uauall7 at 2ooo. Some iaolates of y. dahlias 

appear to have stimulated the growth of Vernal alfalta at ve,rious 

temperatures. 

It has been shown that strains of Verticillium capable of 

attacking legu:minous plants occur in Q,uebec and that there is need for 

more reaearch on this problem. 



- 95 -

1. hO!J11BOUB, 1951. Binige Ziek:ten en Pla.gen in Oultuur-gewassen 
in 19.50 en h'Wil bestrijding. (Some diseaaes and pesta 
of cultivated crops in 19.50 and their control.) 
Verst. Pl. Ziekt. Dienst, V~ningen, 118, 120 PP• 
In ReT. Âppl. M;ycol. 231, 476, 19.52. 

2. Arndt, O.R., 19.57. Temperature as a factor in the infection of 
cotton eeedlings b;y ten pathogens. 
u.s.D..a.. Pl. Dis. Reptr. Suppl. 246, 63-84. 

3. :Baker, x:.:r. & W.F. Locke, 1946. An epipbTtotic of Verticillium 
in Soutb.ern Oalifornia. U.S.D.A.. Pl. Dis. Reptr. JO, 
210-212. 

4. Ba.rnett, R.L., l96o. Illustrated genera. of imperfect tungi. 
2nd Edition, :Surgeas Pu.bliahing Company, Minneapolis, 
22.5 pp. 

5. Bewley, W.:r., 1922. "Sleepy disease" of the tomato. 
Ann. Appl. :Biol. 9, 116-134. 

6. :Bidwell, J.L. & T.V. Ohilds, 1938. Verticillium wilt of maple and 
elm in the pacifie Nortb.west. U.S.D.A. Pl. Dia. Reptr. 
22, 22-2). 

8. .B&ning, 

0., 1927. Oernani korenu (Verticillosa) krenu. (:Black 
diacoloration (Terticilliose) of the roota of Rorae-
radish.) Zeined hchiT., Prague, 18, 363, 374. 
In Rev. Appl. Mycol. 7, 356-357, 19.58. 

X:., 1936. Unterauchungen '!ber MeerreUich•krankheiten 
und deren :Belr:amp:f'tmg. ( Inveatigations on Rorse-ra41sh 
diaeases and the1r control.) hgew Bot. 18, 482...1t94. 
In Rev. Âppl. Mycol. 16, 360-361, 1937. 

9. Oaroselli, lT.E., 19.57· Verticillium wilt of maples. 
Rhode Island .A.gr. :hp. Bta. :Bull. 335. l-84. 

10. Ohaudhuri, K., 1923 • .A. stuq of the growtb. in culture of !• albo
ayum. R. & :s. .&.nn. :Bot. 37, .519-.539. 

11. Oonners, I.L., (Bd.) 1954. 33rd .A.nhual Report of the Oanadian 
Plant Diaeaee Survey 1953. Oan. Plant Diaease Surve;r, 
33. 31. 



- 96 -

12. Oourtil1ot, M., 1961. Lea maladies des légumineuses fourra.Pres. 
Description et clé de détermination par les sympt8mes. 
Producteur Agricole J'ra.nça.ia, B'o. 44 (Mars), 3-16. 

13. EdgiJ:l€ton, L.V. & J.o. Walker, 1957. The influence of soil and 
air temperature on Verticillium wi1t of tomato (Abstr.). 
Phytopatb.o1ogy 4?, 8. 

14. Edson, B..l. & M. Shapovalov, 1920. Temperature relations of 
certain potato rot and wil t producing f'uDgi. 
J • .lgric. llea. 28, 511-524. 

15. Gil.mn, J.o., 1957 • .a. anua1 of aoil flmgi. 2nd Edition. 
The Iowa State Collage Press, .Ames, Iowa, 450 PP• 

16. Gordon, W.L., 1952. The occurrence of JU4arium. species in Canada. 
II. Prevalence and ta.xono~DT of J'usarium species in 
cereal seed. Can. J. of Bot.a.DJ' JO, 209-251. 

17. Baenseler, C.M., 1922. J. new peach wilt (J.bstr.). 
Pb;rtopatho1ogy 12, 56-57. 

18. Harris, R.V., 1936. The Verticillium wilt of hops. 
Rep. Bast Malling Res. Sta. (1935) P• 158. 
In Rev. Appl. ~col. 15, 741-742 (1936). 

19. Bolme Hansen, B.H., C. Stape1 & :r. Steenbjerg, 1945. Undersoge1eer 
a.t Lucernemarkee paa Lo11and-J'alster, &:> pp. Stifta
Trykkeriet, BTkobing. J'. (Investigations of lucerne 
fields on Lolland-l'alster.) 
In Rev • .lppl. M7col. 24, 451-452, 1945. 

20. Isaac, I., 1946. Verticillium vilt of sainfoin. 
.&.nn. J.ppl. Biol~ 33, 28-;,4. 

21. Isaac, I., l.949. .A comparative stll.dy of patb.ogenic iaolates of 
Verticilli'Wll. Brit. M7col. Soc. Trans. 32, 137-157• 

22. Isaac, I •• 1956. Some soil factors affecting Vert1cillium wilt 
of antirrhinum. .l.nn • .lppl. Biol. 44, 105-112. 

23. Isaac, I., 1957. Wilt of lucerne eaused b7 apecies of 
Verticillium. J.Jm. Appl. :s1o1. 45, 550-558. 

24. Iaaac, I., 1959. Vert1cillium wilt of lucerne. 
KU.S Q.uart. Rev. 46, 15-19. 

25. Isaac, I. & .l.T.JD. Lloyd, 1959. Yilt of lucerne eaused b7 species 
of Verticillium. II. Seasonal eycle of disease; range of 
pa thogenici t7; host-parasite re la ti ons; effects of seed 

dressing. .inn. Appl. Biol. 47, 673-684. 



-97-

26. Isaac, I. & J.B. Beale, 1961. Wilt of lucerne caused b:y species 
of Tert1c1111um. III. T1ab111Q' of !• a.lbo-atrum 
carried with lucerne seed; effects of seed dressings 
and f'wliga.nts • 
.&.:an. J.ppl. Biol. 49, 67.5-691. 

27. June, R.I., 19.50. Vertic1111um of atone fruit. 
H.Z. J • .A.gric. 81, 307-308. In ReT • .l.ppl. MJ"col. 30, 
332, 1951. 

28. Kieasig, R. & Rena.te Baller-neasig1 19.57. Beitrag sur J:enntn1s 
einer infektiosen Velkekrakheitt der luzerne. 
(Vert. a.lbo-atrum R. & :B.). PlJTtopath. z. 31, 185-222. 
In ReT • .A.ppl. !Vcol. 37, 416-417, 19.58. 

29. Ireitlow, K.V., 1962. Y'ert1c1111um wilt of alfalfa, a destruct1Te 
diaease in :Britain and Europe not :ret obsernd in the 
United States. U.S.D.&.. Orop Research SerTice A.R.A. • 
.34, 20, 1.5 pp. 

JO. Ludbrook, V.T ., 193:3. Pathogenici-Qr and environmental etudies on 
Terticillium hadro~cosis. PhJtopathologr 2.3, 117-154. 

:31. MciCeen, O.D., 1943. .1. atud.y' of aome factors affecting the 
pathogenieit;y of Terticillium albo-atrum R. & B. 
Oanad. J. Rea. 21, 95-117. 

32. lJelaon, R., 1950, Verticilliu wilt of peppermint. 
Michigan Agr. kp. Sta. Tech. Bull. 221, 1-259. 

:n. Kielsen, L.V., 1948. Vert1cillium wilt of potatoes in Idaho. 
Idaho Agr. Exp. Sta. Rea. :Bull. 13, 23 PP• 

)4. Hoble, M., lf.l'. Robertson, & W.J. Dowson, 19.5:3. Vert1cillium wilt 
of lucerne in :Bri tain. Plant Patb.ology 2, 32-33. 

JS. Oamun, A. V •• 1932. Department of :Bota.Dy, .A.nn. Rept. Maasachusetts 
.A.gric. :l.1:p. Sta. :tor the fiscal :year, lJoTember JO, 
PP• 15-21, 1933. 
In Rev • .l.ppl. M7col. 12, 493-494, 1933. 

36. Parker, K.G., 19.59. Vert1c1111œ hadro~coaia in deciduoua tree 
fruits. U.S.D..A.. Pl. Dis. Reptr. Suppl. 255, 39-61. 

37. Piper, o.s., 1944. Soil and plant anaqaia. 
Interscience Publiahera Inc., B.T., 386 PP• 

38. :Bada, G.G., 1939. Departamento de Jitopatologia. Memoria. del 
Jete de la Seccion l'itogatologia. Mem. Eatac. exp. 
agric. Soc. œc • .A.gric. Lima, 11, 2:33-84. 
In Rev • .A.ppl. !Vcol. 19, 263, 1940. 



- 98-

39. :Richter, B. & M. ninltowsld, 19.38. The whorl fungus wilt disease 
of lucerne and sainfoin; Verticillium albo-at;rum Rke 
and Berth. In !lev • .&ppl. M7col. 17, 754-755, 1938. 

4o. Rudolph, B.A.., 19.31. Verticilli'WI hadroDJ,fcosis. 
Bilgardia, 5, 197-353. 

41. :Robinson, D.B •• :a.B. Larson & J.O. Walker, 1957. Verticillium 
wilt of potato in relation to a7JDPtoma, epidemiolog;y 
and 'ftLriabiliey of the pathogen. lJniv. of Wisconsin 
Bull. 202, 1-48. 

42. Sackaton, V .E., 1959. Verticillium albo-atJ:um on red clover 
(Trifolium pratense) • Proc. ~ue. Soc. Prot. Plants 
41 t 116-120. 

4.3. Schneider, H., 1944. Verticilli'tœ wilt of gu8.1Ule. 
Ph;rtopatb.olog;y 34, 936. 

44. Sepour, .a..:s., 1929. Host index of the fungi of llorth America, 
1929. Hanard lJniverai ey Press, Cubrictce, Maas, tJ.S..&. 

45. Sherbakoff, C.D., 1915. 7usar1um of pote.toes. 
lf.Y. Cornell A.gr. Exp. Sta. Mem. 6, 89-270. 

46. Smith, T.ll., 1961. Reaction of altalfa to Verticillium albo-atru.m. 
U.S.D.A.. Pl. Dia. lleptr. 45, 549. 

47. Stapel, c., 1956. lfogle Lucerneqgdome. (SoM lucerne diaeaeea.) 
LaDdboDTt• June 1956, 7 PP• 
In ReT • .&ppl. M7col. 36, 4o8, 1957. 

48. StepantaeT, I.B., 1957. (Diseaaes causing cotton wil t and their 
control. Bull. Bur. Bat. Sei. Tadzhik s.s.R. 21, 
89-107.). 
In !lev • .A.ppl. M7co1 • .37, 662-663 , 1958. 

49. Strong, l'.C., 19,36. Maple wilt. llich • .&gr. :B:z:p. Sta. Quart. Bull. 
18, 222-227. 

,;o. Strong, :r.o., 1938. Prevalence of wilt diaeasea in maple and elm. 
Kich • .&gr. B:xp. Sta. Quart. Bull. 21, 96-99. 

51. Van Den :Inde, G., 1956. De reactiea van Terschillende waardplanten 
biJ aantaating door Verticillium ap. Tijdschr. Planten
siekten 62, 21. (The reactions of Tarious hosta plants 
to infection b7 Verticillium ap.). 
In !lev. Appl. M7co1. 35, 531-5.32, 1956. 



-99-

52. Van der Meer, J.H.R., 1925. Vertici11ium wi1t of herbaceous and 
woodT planta. Meded Ie.ndbe Hoogesch., Wageningen, 
28, 1. 
In Rev • .&.pp1. M7co1. 4, 495-496, 1925. 

53. Va:aderwal1e, :a •• & G. Parmentier, 1951. Une maladie de la chicorée 
(Oichorium int.rbua) causée par Verticilliœ dahliae neb. 
Paraai ti ca 7, 69-76. 
In Rev • .&.pp1. ~col. Jl, 101, 1952. 

54. Wacner, l'., 1957. Zum Prob1em dsr Luzernenelk:e auf brund 
IÇ'kolopscher. Untuauch1lJlC der Wurseln. (Contribution 
to the.lucerne wi1t prob1em on the basie of a _,colo
gica1 atuc!T of the roota.). Pflanzenschutz 9, 909-910. 
In Rev. App1. MYco1. 37, 101, 1958. 

55. lfeltzien, H.o., 1957• Untersuchungen uber das Workommen der 
Luzernenrt1si111oze and wei te rer Luzerneer~n 
in tudwestdeutachlaud. (Stud.ies on the occurrence of 
vertic111ioa1a and other diaeasea of lucerne in s.w. 
GeraDT). llachr. B1. detsch. PftsohDienst (Brauncb.weic), 
Stutl.gart, 9, 42-45. 
In Rev • .lppl. M7co1. 36, 530-531, 1957• 

56. Wilhelm, s •• 1948. The effect of temperature on the taxonomie 
cha.racters ot Vertic111ium a1bo-atrwn lllœ. & Bert. 
(Abstr.). Plqtopatho1ogr 38, 919. 

51. Williams, P.H. • li. Shea:rd, lf.H. Read, I.W. Sellu.n, E. Groaabard & 
o. Owen, 1947. Plant diaeases. Ohemica1 investiga
tions. Rep. Exp. Sta. Oheshunt, 1946, 20-45, 64-?0, 
5 fics. 
In Re v. A.pp1. Mtco1. 27, 111-113, 1948. 

58. Za.1eald, A., 1957. Reactions of lucerne strains to Vert1e1llium 
wilt. Plant Patho1ogr 6, 137-142. 



XI • APPENDIX 

.A.ppendix 
Table ~ 

1 

2 

3 

4 

s 
6 

7 

8 

9 

10 

11 

12 

13 

14 

1.5 

16 

17 

18 

19 

Description of experimental design of soil 
moisture and temperature experimenta A I 

Randomization plans at 15°0. 

• 

Disease indices on Dupuits at lSOo. 

If Il If 

Il If If 

Disease indices on Vernal at 15°0. 

n Il If • 
• Il • • 

Increase in length of plants of Dupuits 

Il Il Il Il n Vernal 

Dr.Y weigbt of shoots of Dupui ts 

" " " • 11 Vernal 

Dry weight of roots of Dupui ts 

If Il Il • 11 Ver:oal 

Randomization plans at 2.5~ soil moisture 
level 

Randomization plans at 'JS% soil moisture 
level 

Randomization plans at 4.5~ soil moisture 
lev el 

Disease indices on Dupui ts a.t 2.5~ soil 
moisture level 

A III 

A VI 

A VII 

A VIII 

AIX 

.A. X 

J. XI 

A :X:II 

A XIII 

A XIV 

A XVI 

A XVII 

A XVIII 

A XIX 

J.D: 

A XXI 



Appendix 
Table 

20 

21 

23 

24 

25 

26 

27 

28 

29 

JO 

Disease indices on Dupuits at 35~ soil 
moisture level 

Disease indices on Dupuits at 45tj, soil 
moisture level 

Disease indices on Vernal at 25% sail 
moisture level 

Disease indices on Vernal a.t 35"' soil 
moisture level 

Disea.se indices on Vernal a.t 45~ soil 
moisture leval 

Increase in lengtb. of plants of Dupuits 

n .. lt • n tt Vernal 

Dry weight of shoote of Dupui ts 

Il Il n 11 • Vernal 

Dry weight of roots of Dupui ts 

ft Il " " Vernal 

A XXII 

A XXIII 

A XXIV 

.a. nv 

A lXVI 

A XXVII 

A XXVIII 

A XXIX 

A XXI 

A XXXI 

A lXXII 



-AI-

Description of experimental design of soil moisture 

and temperature experimente 

In these experimente, the two varieties (Dupuits and 

Vernal) and the seven inoculation treatments (six isolates of 

Vert1c1llium and the uninoculated controle) vere completely randomi

sed in ea.ch of fi ve repli ca tes wi thin each temperature or each soil 

moisture leval. As the respective temperatures were maintained in 

different controlled-environment cabinets, it was not possible to 

randomize the temperature treatments. The respective soil moisture 

levels also were maintained as blocks, to facilitate bringing all 

the Dirle cups wi thin each moisture leval treatment to the same 

constant weight by adding wa ter daily. 

When the temperature and soil moisture experimenta respec

tively were repeated, the same design was used but the individue.l 

inoculations and varieties were re-randomized. The randomization for 

the first temperature e:x:periment is shown in Tables 1, 2, and 3, and 

for the first soil moi sture e.x.periment in Tables 16, 17, and 18. In 

the tables of randomization, •va refere to Vernal and •D" to Dupuits. 

The numbers ha.ve the fo11owin.g m.eanings: 

1- Control 

2- Inoculated wi th isola. te 1 y. a.1bo-atrum 

3- Il Il • 2 Il Il 

4- IJ • • 1 y. dahliae 

5- Il • " 3 !· a.1bo-atrum 
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6- lnocula.ted witb. isola.te 2 y. dahlia.e 

1- n " n 5 y. a.lbo-a.trum. 

Thus, in Table I the first nnmber of the first line {2 V) 

mea.ns tha.t a.t tha.t position there wa.s a dirle eup containing one plant 

of the va.riety Vernal inocule.ted witb !• a.lbo-e.trum isola.te 1. 
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Appendix Table I - Randomization at 15°0. 

2 v 7 v 1 v JD 5 v 

?V 1 v 6D 6 v 1 v 

6 D 5D ?D J v ?V 

1 D 1 D J v 5 v 6V 

5 v 6D 5D 4D 1 D 

5D 6 v 6 v SD 7 D 

?D 3D 2D 1 v 4D 

6V 2 v 3D 7 D 3D 

3 v 5 v ?V 1D 4V 

1 v 4V 4V 2 v 2V 

3D 2D 5 v 6 D 5D 

4D J v 2 v 4V 6D 

2D 4D 1 D 7 v 2 D 

4V ?D 4D 2D 3 v 
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Âppendix ïab1e 2 - Randomisation at 2000. 

7D 6D 6V 2D ?V 

1 v 4D .3D sv 1D 

6V .3D 7D ?D 2 D 

2 v 6V 4V 6D 1 v 

SD 7 v 6D 4D 4V 

3 v 2 v SD 1 v 6 v 

2 D 1D 5 v 6 v 5 v 

1D 5 v 2 v 2 v 4D 

4V 1 v 1D 1D .3 v 

5 v 3 v 1 v .3 v .3D 

1 v SD 2D .3 D 2V 

6D 7D 4D 1 v SD 

4D 4V .3 v 4V 6D 

.3D 2 D 1 v SD 7D 
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Appendix 7ab1e 3 - Randomization at 2S°C. 

6 v 4-V 6D 7D 3D 

2 v 3 v SD 3 v 7D 

1 v 6 v 4V SD 6 v 

sv sv 2V lv 4D 

3 v 7 D sv 2 v 3 v 

7 v lv 7V 4V sv 
S D 4D 6V 2 D l D 

4D 2D 4D 6D 2D 

1 D 6D 3D 4D SD 

4V 2 v 7D 7 v 6D 

JD 3D 1 D J D 2 v 

2D 7V l v sv 4V 

7D lD 2 D 1D l v 

6D 5 D 3 v 6 v 7 v 



Appendix Table 4 - ~aease indices on Dupuita alfalfa at 15°0. 

Da.ys Exp. Inoculation treatments 
after 
inoc. No. Control v.a. 1 v.~~. 2 v.a. 5 v.a 3 V.d 1 V.d 2 

10 l 1.0 1.2 1.0 1.0 1.2 1.0 1.0 
n 2 1.0 1.2 1.2 1.8 1.4 1.4 1.4 

Average 1.o 1.2 1.1 1.4 1.3 1.2 1.2 

20 1 1.0 2.4 2.4 2.8 1.8 1.2 
1 

1.0 .... 
a 2 1.0 2.8 2.2 4.0 1.0 1.6 1.0 <1 

1-1 . 
Average 1.o 2.6 2.3 3.4 1.4 1.) 1.1 

30 1 1.0 s.6 6.4 6.4 1.6 1.0 1.4 
n 2 1.0 s.a 2.6 4.8 2.2 1.2 1.0 

Average 1.0 s.1 4.5 5.2 1.9 1.1 1.2 



•ppendix Table S - Disease indices on Dupuite alfalfa at 20°0. 

Daye Exp. Inoculation treatments 
after 

llo. 1noc. Control v.a 1 v.a 2 v.a S v.a 3 V.d l V.d 2 -
10 l 1.0 1.0 1.2 2.2 1.2 1.2 1.o 
If 2 1.0 1.0 1.0 1.0 1.0 1.4 1.0 

Average 1.0 1.0 1.1 1.6 1.1 1.3 1.0 

1 
20 l 1.o 3.2 1.6 4.6 1.8 1.0 1.o p.. 

.. 2 1.o s.2 2.2 2.0 1.4 1.0 1.4 < 
H 
H 

Average 1.0 4.1 1.9 3.3 1.6 1.0 1.2 

30 1 1.0 4.2 4.6 4.6 4.4 1.2 1.0 

• 2 1.0 6.6 4.2 2.6 1.0 1.0 2.0 

Average 1.0 5.4 Q..4 ,3.6 2.7 1.1 l.S 



.A.ppendix Table 6 - Disease indices on Dupuits al:f'alfa at 2500. 

Day a Exp. 
Inoculation treatments 

a:f'ter 
inocl. Ho. Control v.a 1 v.a 2 v.a 5 v.a 3 V.d 1 V.d 2 

10 1 1.0 1.0 3.6 2.0 1.4 1.0 1.0 
Il 2 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

Average 1.0 1.0 2.3 1.5 1.2 1.0 1.0 
1 

~ 

20 1 1.0 1.4 ?.2 4.o 1.8 1.4 1.0 
.q 
1-1 
1-1 
1-1 

• 2 1.0 ?.2 3.2 1.0 1.0 1.0 1.o 

.Average 1.0 4.3 5.2 2.5 1.4 1.2 1.0 

30 1 1.0 1.2 9.0 4.4 1.4 1.4 3.4 
Il 2 1.0 ?.4 ?.4 5.0 1.0 1.0 1.0 

Average 1.0 4.3 8.2 4.7 1.2 1.2 2.2 



~ppendix Table 7 - Diaeaae indices on Vernal alfalfa at 1S00. 

Day a Exp. Inoculation treatments 
a.fter 
inoa. No. Control v.a 1 v.a 2 v.a 5 v.a 3 v.d 1 V.d 2 

10 1 1.0 1.0 2.4 2.4 1.2 1.0 1.6 
Il 2 1.0 1.0 1.0 1.2 1.0 1.0 1.2 

Average 1.o 1.0 1.7 1.8 1.1 1.0 1.4-
1 ... 

20 1 1.0 2.0 3.0 3.8 2.0 1.2 1.2 H 
1»<1 

• 2 1.0 5.6 2.8 s.o 1.4 1.8 1.o 

Average 1.0 3.8 2.9 4.4 1.7 1.5 1.1 

30 1 1.0 a.o 7.4 6.0 5.0 1.0 1.6 

• 2 1.0 ?.4 4.4 8.o 1.0 1.0 1.0 

Average 1.0 ?.7 5.9 ?.O 3.0 1.0 1.3 



Appendix Table 8 - Diseaee indices on Vernal alfalfa at 20°0. 

De.ys E.xp. Inoculation treatments 
a.fter 
inoc. No. Control v.a 1 v.a 2 v.a 5 v.a 3 v. d 1 V.d 2 

10 1 1.0 1.4 3.4 1.4 1.0 1.0 1.0 
lt 2 1.o 1.0 1.4 1.8 1.0 1.0 1.4 

Average 1.0 1.2 2.4 1.6 1.o 1.0 1.2 

' 
20 1 1.0 2.8 6.8 3.6 1.8 1.0 1.2 

... 
M 

tt 2 1.0 1.2 3.o 1.6 1.0 1.0 1.0 

Average 1.0 2.0 4.9 2.1 1.4 1.o 1.1 

30 1 1.0 6.4 1.0 6.0 3.8 1.2 1.4 

• 2 1.0 4.2 4.2 4.8 2.8 1.0 2.0 

Average 1.0 5.3 5.6 5.4 3.3 1.1 1.7 



Appendix Table 9 - Disease indices on Vernal alfalfa at 2S0ç. 

:ilaQ's lbp. Inoculation treatments 
a:f'ter 
inoc. No. Control v.a 1 v.a 2 v.a 5 v.a) V.d 1 V.d 2 

10 1 1.0 1.0 1.8 2.6 1.0 1.o 1.0 

• 2 1.0 1.2 1.0 1.4 1.0 1.0 1.0 

Average 1.0 1.1 1.4 2.0 1.0 1.0 1.0 
1 

20 l 1.0 1.0 5.a 5.4 1.0 1.0 1.0 
.,... 

tt • 2 1.o 1.4 4.6 4.4 1.0 1.2 2.0 

Average 1.0 1.2 5.2 4.9 1.0 1.1 1.5 

)0 1 1.0 3.0 6.4 6.0 2.0 1.0 1.4 

• 2 1.o a. a 6.4 4.8 1.0 2.6 2.6 

Average 1.o 5.9 6.4 s.4 1.5 1.8 2.0 



Temp. Exp. 
oo. No. 

15 1 
tl 2 

Average 

20 1 

• 2 

Average 

25 1 
lt 2 

Average 

Appendix Table 10 - Increase in 1ength of plants (in ems.) of Dupuits 
alfalfa at three temperatures 

Inoculation treatments 

Control v.a 1 v.a 2 v.a 5 v.a J V.d 1 

2.26 1.82 o.1a o.s 0.?8 2.48 
2.14 2.32 1.48 2.26 1.? 2.68 
2.2 2.0? o.8J 1.15 1.24 2.58 

15.?4 5.5 4.8 8.6 9.64 16.6 

8.?6 s.3 6.?4 6.1 a.o6 4.34 
12.25 ;.4 s.?? ?.35 a. as 10.47 

4.48 6.9 2.22 s.os 4.68 8.24 

a.o4 1.66 3.84- 7.08 7.14 ?.36 
6.26 4.28 JeOJ 6.08 5.91 ?.80 

~- --

V.d 2 

2.02 
J.24 
2.63 

t 
p.. 

14.44 !>-; 
H 
1-1 

6.64 
10.;4 

9.98 
8.24 

9.11 



Appendix Table 11 - Increase in length of plants (in ems.) of Vernal 
alfalfa at three temperatures 

-
Temp. Exp. Inoculation treatmenta 
oc. No. Control v.a 1 v.a. 2 v.a. 5 v.a. 3 V.d 1 V.d 2 

15 1 4.4 1.02 1.0 o.;z o.72 2.2 2.66 

• 2 2 • .52 1.4 1.92 1.04 2.?5 J.o 2.96 

Average 3.46 1.21 1.46 0.?8 1.?4 2.6o 2.81 1 
s-
M 
H 

20 1 1).42 4.04 4.86 5.9 10.,56 13.68 14.92 
H 
H 

Il 2 ?.3 ;.62 4.82 5.9 5.52 s.o8 6.98 

Average 10.36 4.83 4.84 5.9 s.olf. 10.88 10.95 

25 1 10.? 6.08 4.22 6 • .52 ?.02 8.?2 10.?2 
1 2 3.68 2.8 4.0 2.3 4.28 6.52 ?.08 

Average 7el9 4.44 4.11 4.41 ;.65 ?.62 8.90 



Temp. Exp. 

oa. N'o. 

1S 1 

• 2 
Average 

20 1 
lt 2 

Average 

2S 1 

" 2 

Average 

Appendi:x Te.b1e 12 - Dr7 weight of shoots (in grams) of Dupuits 
alfalfa at three temperatures 

Inoculation treatments 

Control v.a. 1 v.a 2 v.a. s v.a 3 V.d 1 

.o) .022 .o1 .018 .o3 .032 

.016 .012 .018 .016 .o16 .o22 

.023 .019 .014 .017 .023 .027 

.os .042 .o2LI- .o68 .os .106 

.0)6 .o32 .o2 .os .o42 .o)8 

.osa .0)7 .022 .os9 .061 .072 

.o4 .042 .o1 .o28 .o)6 .os2 

.03 .o1a .o16 .036 .o44 .038 

.OJS .030 .013 .032 .o40 .o4s 

V.d 2 

.0)4 

.016 

.02S 1 

> 
><: 

.o66 H 
< 

.os 1 

.osa 

.o46 

.o62 

.o.54 



Temp. Exp. 

oc. No. 

lS 1 
u 2 

Average 

20 1 
n 2 

Average 

25 1 

• 2 

Average 

&ppendix Table lJ - Dr.r weigbt of shoots (in grams) of Vernal 
alfalfa at three temperatures 

Inoculation treatments 

Control v.a 1 v.a 2 v.a s v.a 3 V.d 1 

.o48 .028 .012 .o16 .oJ4 .o)4 

.02 .o1 .o14 .o14 .ol4 .o2 

.o34 .019 .013 .olS .o24 .027 

.092 .032 .0)8 .o42 .o7 .102 

.o4 .oJ4 .042 .o42 .o4 .o48 

.o6? .o:n .040 .042 .OS5 .0?5 

.o46 .oz .o2 .o28 .o76 .o66 

eOJ .o16 .o2 .014 .0)2 .o48 

.038 .olS .o2 .o21 .oS4 .os? 

V.d 2 

.os6 

.018 

.037 1 
p.. 

.048 ~ 
1 

.os 

.048 

.o64 

.032 

.048 



Temp. Exp. 
oc. No. 

1.5 l 

• 2 
Average 

20 1 

" 2 

Average 

2.5 l 

• 2 

Average 

Appendi:r. '!able 14 - DrT weight of roots {in grams) of Dupu1ts 
alfalfa at three temperatures 

Inoculation treatments 

Control v.a 1 v.a 2 v.a 5 v.a 3 V.d l 

.022 .012 .01 .012 .o2 .o1a 

.oo6 .oo6 .ooa .ooa .ooa .ooa 

.014 .009 .009 .olo .ol4 .013 

.038 .o1a .o24 .016 .o24 .022 

.ooa .oo6 .o1 .016 .o14 .016 

.023 .012 .017 .016 .019 .019 

.014 .016 .002 .006 .ooa .018 

.oo6 .oo4 .oo6 .o1 .ol .oo6 

.o1o .011 .o04 .ooa .009 .012 

V.d 2 

.024 

.ooa 

.016 • ,.. 

.o22 ~ ..... 
• o24 

.023 

.ooa 

.014 

.011 



Temp. Exp. 
oc. No. 

15 1 
Il 2 

Ave·re.ge 

20 1 
Il 2 

.Average 

25 1 
ft 2 

.Average 

Appendix Table 15 - Dry weight of roots (in grams) of Vernal 
alfalfa at three temperatures 

Inoculation treatments 

Control v.a 1 v.a 2 v.a. 5 v.a J V.d 1 

.oJ .022 .012 .o1 .o2 .026 

.oo6 .oo6 .oo6 .ooa .oo6 .ooa 

.olS .014 .009 .009 .013 .017 

.0)6 .o1 .o1 .014 .02 .oJ 

.o1 .014 .014 .014 .012 .022 

.02J .012 .012 .o14 .016 .026 

.014 .oo6 .oo6 .oo6 .o14 .o24 

.ooa .oo6 .oo6 .oo6 .o1 .ooa 

.011 .oo6 .oo6 .oo6 .012 .o16 

V.d. 2 

.o42 

.010 

.026 1 

il-

.026 ~ 
H 

.014 

.020 

.012 

.oo6 

.009 
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&ppendix T.able 16 - Randomisation at 2S~ soil moisture 

6V 3D JV 4D 2 D 

7 D sv ?V J v 3D 

J v SD 6D 1 D ?D 

4V 2 D 2 D ?V 4D 

sv ?D 3D sv 4V 

4D 6V 4V 3D 6D 

2V JV SD 7D 6 v 

6D 7 v 1 D 4V sv 
3D 4D 4D 6 D lD 

1 v lD 5 v 1 v 2 v 

2 D 2V lV 5D SD 

7 v 6D ?D 2D ?V 

lD lV 6 v 6V J v 

SD 4V 2V 2V lV 



-A XIX-

Appendix T-able 17 - RaDdomization at 3S~ so11 moisture 

sv 2 v 1 v SD 2 v 

JD 6D 3D 7D sv 

4V 2D sv 4V 4D 

lV 4D )V 2 D 4V 

4D 7D 1 D sv 3 v 

2V SD 4D 3D 6V 

lD sv 7 v 1 D 7D 

7 v 3 v 6V 7V SD 

SD 1 v SD 3 v 2D 

2 D 7V 2 v 4D 3D 

3 v 6V 6D 2 v 7 v 

6D 4V 2D 6D 6D 

7 D 1 D 7D 1 v 1 D 

6V )D 4V 6V lV 



-A XX-

Appendix Table 18 - Randomization at 45% soil moiatune 

2 v 1 v 4V 4D SD 

7 v 3 v 1 v 5 v 1 D 

lD 7D 7D 2 v 7 v 

6D 4D SD 7 D 4V 

6 v 6V 1 D 1 v 1 v 

7D 6D 3 v 4V 7 D 

sv 2D 3D 1 D 5 v 

4D 2 v 6 v 5D 2 v 

SD 4V 6D 6 v 4D 

3 v 7 v 2 D 2D 2 D 

2 D SD 7 v 6D 3V 

4V 3D 5 v 3D 6 v 

3D sv 2 v 3 v 3D 

1 v 1 D 4D 7 v 6D 



Daye Exp. a.t ter 
inoc. No. 

10 1 
H 2 

Average 

20 1 

• 2 

Average 

30 1 
H 2 

Average 

Appendix Table 19 - Disease indices on Dupui ts 
alfalfa at 25% soil moisture 

Inoculation treatments 

Control v.a 1 v.a 2 v.a. 5 v.a J 

1.o 3.4 2.4 2.0 1.6 

1.0 1.0 1.2 4.0 1.4 

1.0 2.2 1.8 3.o 1.5 

1.o 5.2 4.0 3.0 1.8 

1.0 3.4 4.0 4.0 1.6 
1.0 4.3 4.0 3.5 1.7 

1.o 8.6 7.4 4.4 4.0 

1.0 6.8 8.6 6.0 3.0 

1.0 7·7 8.0 5.2 3.5 

V.d 1 V.d 2 

1.0 1.0 

1.4 1.0 

1.2 1.0 1 
.,... 

1.8 1.4 ~ 
1.4 1.0 
1.6 1.2 

1.0 1.4 

1.6 1.2 

l.J 1.3 



Days Exp. 
after 
inoc. Bo. 

10 1 
ft 2 

Average 

20 1 
lt 2 

Average 

30 1 

• 2 

Average 

Appendix Table 20 - Diseaee indices on Dupuits alfalfa 
at 35~ soil moisture 

Inoculation treatmente 

Control v.a 1 v.a 2 v.a 5 v.a .3 

1.0 2.6 1.2 1.2 1.4 

1.0 1.2 1.2 1.6 1.0 

1.o 1.9 1.2 1.4 1.2 

1.0 4.8 2.8 1.0 1.2 

1.o 3.6 4.2 4.2 2.2 

1.0 4.2 .3.5 2.6 1.7 

1.0 7.6 6.o 4.2 ).8 

1.0 7.2 7.0 5.4 :;.a 
1.0 ?.4 ?.5 4.8 ).8 

v.d 1 V.d 2 

1.8 1.2 

1.0 1.0 

1.4 1.1 1 ,... 

1.8 
~ 

1.2 H 
H 

1.0 1.2 

1.4 1.2 

1.8 1.4 

1.0 3.0 

1.4 2.2 



A.ppendix Table 21 - Disease indices on Dupuits alfalfa 
at 45~ aoil moisture 

Da.ys Exp. Inoculation treatments 
after 
inoc. llo. Control v.a 1 v.a 2 v.a 5 v.e. 3 V.d 1 V.d 2 

10 1 1.0 2.4 2.6 2.0 2.8 1.2 1.6 
R 2 1.0 1.4 1.6 1.8 1.6 2.4 1.0 

Average 1.o 1.9 2.1 1.9 2.2 1.8 1.) 1 ,.. 

20 1 1.0 J.o ).4 1.6 1.6 1.0 1.8 
s 
H 
H 

lt 2 1.0 1.4 1.6 ).8 2.0 1.6 1.2 

Average 1.0 2.2 2 • .5 2.7 1.8 1.:3 1.5 

30 1 1.0 5.2 5.6 3.8 1.8 1.0 2.4 

• 2 1.0 4.0 7.2 5.4 J.S 1.2 3.4 

Average 1.0 4.6 6.4 4-.6 2.8 1.1 2.9 



Da.ys Exp. 
after 
inoc. No. 

10 1 
n 2 

Average 

20 1 

• 2 

Averase 

JO 1 

• 2 

A.verage 

Appendix Table 22 - Disease indices on Vernal alfalfa 
at 2~ eo11 moisture 

Inoc11lation treatm.enta 

Control v.e. 1 v.e. 2 v.a 5 v.e 3 

1.0 1.8 2.6 3.o 1.8 

1.0 2.6 2.4 1.2 1.4 

1.o 2.2 2. s 2.1 1.6 

1.o 3e0 3.4 3.8 1.0 

1.0 5.6 8.2 5.0 1.4 

1.0 4.3 5.8 4.4 1.2 

1.0 8.2 8.2 8.6 .3.2 

t.o ?.8 9.0 8.6 1.4 

1.0 8.o 8.6 8.6 2.3 

V.d 1 V.d 2 

1.0 1.0 

1.2 1.2 

1.1 1.1 1 .,.. 
~ 

1.2 1.0 H 
<1 

1.o 1.o 

1.1 1.0 

1.0 t.o 
2.0 1.6 

1.5 1.3 



lB. ys Exp. 
after 
inoc. B'o. 

10 1 

• 2 

Average 

20 1 
.. 2 

Average 

30 1 

• 2 

Average 

Àppendix T.able 23 - Disease indices on Vernal alfalfa 
at 3~ soi1 moiature 

Inoculation treatments 

Control v.e. 1 v.a 2 v.a 5 v.a 3 

1.0 3.0 1.0 1.0 1.0 

1.0 1.4 2.8 1.0 1.4 

1.0 2.2 1.9 1.0 1.2 

1,0 4.6 2.6 2.6 1.4 

1.0 6.2 6.2 7e0 1.4 

1.0 ;;.4 4.4 4.8 1.4 

1,0 8,1} ?.2 6.4 4.2 

1.0 .s.a 6.8 ?.6 1.0 

1.0 ?.1 7.0 7.0 2.6 

V.d 1 V.d 2 

1.4 1.0 

l.O 1.0 

1.2 1.0 1 
p.. 

1.6 1.o a 
1.0 1.2 

1.3 1.1 

2,2 1,0 

1.0 1.6 

1.6 1.3 



Appendix Table 24 - Disease indices on Vernal alfalfa 
at 4~ aoil moisture 

~-

llays Exp. Inoculation treatmenta 
at ter 
1noc. No. Control v.a 1 v.a. 2 v.a 5 v.a. 3 V.d 1 V.d 2 

10 1 1.0 2.0 1.2 1.2 1.0 3.0 1.8 
Il 2 1.0 2.2 1.4 1.2 1.0 1.0 1.0 

Average 1.0 2.1 1.3 1.2 1.0 2.0 1.4 1 

~ 

20 1 1.0 2.4 3.2 1.8 1.4 3.2 2.2 a 
H 

• 2 1.0 2.4 4.2 s.o 1.0 1.0 1.2 

ÂTera.ge 1.0 2.4 3.7 3.4 1.2 2.1 1.7 

30 l 1.0 7.4 3.8 6.2 2.2 3.2 2.0 

• 2 1.0 7.4 7.0 6.6 4.o 2.0 3.o 

Average 1.0 7.4 s.4 6.4 3.3 2.6 2.5 



Soil 
Moi sture 

Appendix Table 25 - Inorease in 1ength of plants (in oms.) of Dupuits 
a1falfa at three soi1 mo1sture leve1s 

Exp. Inoculation treatments 

Lev el llo. COntrol v.a 1 v.a. 2 v.a 5 v.a 3 V.d 1 
-

2:JI, 1 2.0 l.o4 1.02 2.,;8 1.,;4 1.72 
.. 2 2.82 0.26 0.7 2.7 1.76 4.86 

Average 2.46 o.6,; o.86 2.64 1.65 ).29 

J~ 1 2.?6 0.)8 1.36 o.s8 1.78 4.06 

" 2 3.46 0.74 1.44 4.4 3.28 2.74 

Average 3.11 0.56 1.4o 2.49 2.6) 3.40 

4Stj, 1 2.5 1.4 o.s 1.28 1.26 5.22 
d 2 ).88 0.74 o.84 1.62 ,;.66 4.30 

Average 3.19 1.07 0.82 1.45 ).46 4.76 

V.d 2 

2.1 

2.92 

2.51 1 
..... 

1.0 a 
H 

5.66 
H 

).JJ 

).28 

7.42 

s.Js 



Soil 
Moi sture 

Lev el -
2S<J, 

• 
.Average 

3.5% 
n 

Average 

4,5% 
1 

.A.verage 

~ppendix Table 26 - Increase in length of plants (in ems.) of Vernal 
alfalfa at three aoil moisture levele 

Exp. Inoculation treatmenta 

No. Control v.a 1 v.a 2 v.a. s v.a 3 V.d 1 

1 2.7 o.4 o.z..2 o.s 4.02 1.58 

2 3.6 1.44 o.44 o.48 4.oo 4.42 

3.15 0.92 o.43 0.49 4.01 3.00 

1 4.48 0.74 0.76 o.84 3.4 2.86 

2 ,5.46 o.66 1.,56 2.4 2.72 4.6o 

4.97 o.69 1.16 1.62 3.06 3.73 

1 3.66 0.38 o.6 o.SQ. 3.82 3.72 
2 6.,54 1.4 2 • .54 3.78 .5.78 3.1 

.5.10 0.71 1.57 2.16 4.80 3.41 

V.d 2 

5.64 

7.74 

6.69 1 

.... 

3.9 a 
!-1 
!-1 

9.48 
!-1 

6.69 

s.o6 
3.22 

4.14 



Soil 
Moi sture 

Lev el 

2~ 

• 
Average 

'JSf, 

• 
Average 

4Sf, 

• 
Average 

Appendix Table 27 - J:)q weigb.t of shoots {in grams) of Du.pui ts 
alfalfa at three aoil moiature levela 

Exp. Inoculation treatmenta 

l'o. Control v.a 1 v.a 2 v.a 5 v.a 3 v.d 1 

1 No resulta 

2 .026 .012 .o1 .oze .o24 .olS 

.oz6 .ol2 .o1 .028 .o24 .018 

1 No resulta 

2 .042 .o1 .o1 .o24 .032 .o4 

.042 .o1 .o1 .o24 .0.32 .04 

1 Bo resulte 

2 .o2 .016 .o1 .016 .oz .048 

.o2 .016 .o1 .016 .o2 .048 

V.d 2 

.024 

.o24 1 
.... 
~ 
1-1 
M 

.028 

.028 

.032 

.032 



Appendix Table 2S - Dr7 weight of shoots (in grams) of Vernal 
alfalfa at three soil moisture leve1s 

Soil Exp. Inoculation treatments 
Moi sture 

Lev el J'o. Control v.a 1 v.a 2 v.a S v.a 3 

2:f/, 1 No resulta 

• 2 .026 .o1 .os .oos .032 

Average .026 .o1 .os .ooa .032 

)!JI, 1 Ho resulta 

• 2 .o38 .o1 .o1 .o42 .03 

Average .038 .01 .o1 .042 .03 

45~ 1 'No resulta 

• 2 .036 .oo6 .o16 .012 .o3 

Average .036 .oo6 .016 .ol2 .03 

V.d 1 V.d 2 

.o24 .026 

.o24 .o26 1 

""" a 
.o24 .o3 

.o24 .03 

.03 .o2s 

.03 .028 



Soil 
Moi sture 
Leval 

2~ 
.. 

Average 

3~ 

• 
Average 

4~ 
Il 

Âverage 

Àppendix Table 29 - Dry weight of roots (in grame) of Dupuita 
alfalfa at three soil moisture levels 

Exp. Inoculation treatmente 

No. Control v.a 1 v.a 2 v.a 5 v.a) 

1 No resulta 

2 .olS .oos .oo6 .o2 .ol4 

.o1S .oos .oo6 .o2 .014 

1 Bo resulta 

2 .o2 .oo6 .oo6 .oos .016 

.o2 .oo6 .oo6 .ooa .016 

1 No resulta 

2 .012 .o1 .o04 .o1 .al 

.012 .o1 .oo4 .o1 .o1 

V.d 1 V.d 2 

.ol2 .022 

.012 .022 
1 ,... 

§ 
.olS .o16 

.018 .016 

.026 .o24 

.026 .024 



Soil 
Moi sture 

Level 

25f, 

• 
Average 

Àppendix Table 30 - Dr.J weigbt of roots {in grams) of Vernal 
alfalfa at three soil moisture levels 

Exp. Inoculation treatmenta 

lfo. Control v.a 1 v.a 2 v.a 5 v.a 3 

1 :tJo resulta 

2 .016 .oo6 .oo6 .002 .o2 

.ol6 .oo6 .oo6 .oo2 .o2 
~-.--.............. 

35~ 1 llo reeults 
Il 2 .o24 .o04 .oo4 .oo4 .022 

Average .o24 .oo4 .004 .oo4 .022 

--
45% 1 :tJo reaulta 

• 2 .o24 .002 .oos .oo4 .020 

.Average .024 .oo2 .ooa .oo4 .020 

V.d 1 V.d 2 

.o24 .026 

.o24 .026 1 
.... 

§ 
H 

.016 .014 

.o16 .014 

.olS .014 

.018 .ol4 


