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FLAX WILT AND FLAX SICK SOIL. 


By H. L. BOLLEY. 

out. *** 
• Bnll tin No. 1il. Minn('sotn Rxpp rinlent Stn tlon, p. 2ft 
•• Rnll('tin No. 13. 2\liunpsota Exppriuwn t Station. p. 23 . 
••• U. S. Consular Heport for January, 1~U5, pp. 51-57. 



In Am ri a in each new locality in which fla . has been intro­
duceu, it ha ocen a h rt lived C1' p; at firstmaki11g heavy 
growths upon the virgill soil, but later radnally iailinO'. T hi:; 
is so ·haraetcristically true that the crop is g n rally 1m as 
a new land rap. In the west, Iowa wa once the bann r tate fOl· 
flax, then IHiIllle~ ota, now North Dakota. In many 10 alities of 
Iowa anti farther east, the crop has been abandoned a 1 n r 
a profita11 on . and it i s a common expression amon farmers 
t.hat th oil i 'flax sicle." Others a " t that flax qui 'k] e­
hausts the lemd. I find that this prejudice against the crop is 
e pecially str ng among European and English farmer who ha 
located in the northweot. It has generally been nsitler d a hard 
rop on land, qui "kly reducinO' its value not onl r for rlax bl t 

also for wheat and other crop~ . In North Daknt" th ' pini Tl 

or the fanning public has hanged rapidly within the past few 
years,. 80 that most ranners n w , tate that wheat and otl!"r "r ps 
may fol1ow flax to adYantage, but that flax after flax bOC0111 E! 

continually less productive. In short, it may b ass"rted that 
lose or c ntinuous cropping 'with flax never has b en pr [ita 1 

in any 'ountry, no 111atter what the fertilit ,. and. i here is a und­
ant cviLlcnce that .Minnesota and Dakota lands are not t be a.n 
exreplion. 1'he farmers are beginning to report many area" of 
"flax irk" so il , upon WlllCh the flax either fails to me up or 
gradually dies oIT luring the ason. 

rrJmOnll~8 A.S TO TILE CA E OF THE TnOUBLE : Th r 1 ( \~e 
been S('n>ral thcoric as to the caup,e of thi Hax tron1 1) 
that it ·s dne io il ut;pletion; (2) thnt jt i b cau , , fla x is "un­
kind" to Has, leaving "orne substance in ihe soil whi h 1. d t'i­
menial to th(' health of following' flax plant" ; (3) that it may be 
due to au jn f 'dions disease. 

Th -. work upon \\'hi :h thip, lmll C'tin i hasf'd in cH ( fe" -' 
the first two propo.;:i tions aTe lU1tenahlc and, I tlnnk. demon­
trat ~ that the thiru i the 'orr ct the y. 

PHEYIO '8 \\TOHK nro~ THE Dr l~A. E : Previou to 
periments allrl ol)senatiolls her TO rd U, an d a"i 1 f f( m th 
forts of European farmers to fi n a proper s ~ ' i of crop rota' 11 , 

ther ~ _ m~ tc hft heen but few de nite ff T' t d Lcrmiu the 
eau::::ai ive arrent or to arrive at a preventiy or ' TCllled ·. r 
the~e ath:mpts, ih experiments of 1)1'ofes80r I"-Ll,gp- l' * I)f (h(' 

:Uulnesota Experiment tation, conducted durin tll summ r f 
1890, constitute the only work of importane clone in thi COUll ry. 

• Minnesota Experim nt Station nul\et ln No. 13, pp. 2V~5. 



Dr. Lugger planned three cxperimE~nt (1) 'Serie~ of E xpert, 
:ments to Observe the E !feets of P ertiLize1·S upon L md l~'xhal' ted 
hy l//a:v." He used as fertilizers, lime, acid phosphate, l111lriate 
of potash, salt, nitrut of soda, super-phosphaLe ', lUlld-}Jlastcr and 
,ground oil-cake. After consid ring the results hi 'on l u ~ i n 
was: "Exhaustion 01 the soil by previous flax crops cannot be the 
.cause or the di se ase, Uti all of the materials fonne!'l r elllt v d by 
tl plants (flax) ha il been adJell agair to the oil in the mo L 
soluble state. (.2 ) "S erios of l!}:rperim cnls to b "I'v e the E f­
j ect.,) of Fungicides on Plants Gro'l1.m 'U]JI 11, II/ f ested oil-'.u P ro­
fes or LuggeT pulYel'izcct the following f uugicid ·. anu sowed them 
.<r a (lry llli ·tmc with tIte fl;lX; hypo-s111phat (~ 01 sodillll1, air­

la ked lime, " ldplLide of sodium, flower ' £ su lphur, "ulplwt f 
-co per" sulphate of iron and corros ive subl ima t . 'l'll) con 11­
.... i il1 from tl Le~ xr C' rimcllts was : 'It i not a pe i i vco'd ahl 
d is('a:3e whiCh alie ,t the pl ants 1 ecaU:3e one r oth 'r f the l 1to o'i­
-ci C' would lwyc shown the eft -·cts of i application . Ev ' ry 
sing] plant succl1mbcc1. ' H al s . Sfl YS : Large llmnoers of di ~ 
secti olls were llleHle, and thin >-'cct ion sialll ecl ju vari u " wa r ) 

\yere , t ncli But a . pec iiic organi m cal in O' t he d.eath f the 
plants could Hot L· fonnd. '" "A cure for the i iI' a ' l1 0 S no 

TIl p ssible:') '1'11e fact that Dr. Lugo' l' u sed inl "si(' r] il u pon 
w'11ich to mak the xpcr i:mC'nts and hi s f a illll' t find flll y para~ 
it ic grow h in the tis.;; u of the plan ts ~am ine I (' n ~c h im, I 

t hink, to draw the wrong COl) h ,jon . Similar e rperimel1ls a d 
()bselTations with us 1 'a d to differen t. coneIu , i n '. 

(3) "Se'/'ies of E :l:pe1'blll enis to r::;;how That the Old '''traw f 
Fla:c Is the Calise of the 'P.J'oubl . ~ Tn cxp riment ~ r. 
Lugger Inade cfl'et.:ti ve il inf ~ ti llS by appl, ring : " dry 1 al hy 
1 < ff of flax," an extract from 'heal thy ft . chaiT in eol l water ' 

an extract from " heal tll y f1ax chaIT i l l boiling w ( i ,r," an xt act 
fr01 "llcaltl ycrrcen fl ax in 1) iling wa ter, an .. h 'ad f f m 
'('c1iseased frebh fl. .: x in boilincr water,' all "extract f 1'0111 di seased 
fresh flax jn cold water ," and " gn.en straw of health fla~' plant 
cut into small pi -·ces." From this seri , thi conclusion was 
,drawn: " We h<1\'o Ilot to cleal with a discas , but ibe straw of 
flax ih:clf is the canse of the trouble." My xperiments show 
that diseased flax straw do convey. the diseus hut healthy flax 
straw annot. It seems probable that the flax straw, chaff, etc., 
u sed by Dr. Lugger was not healthy. Ind >ed he probably u sed 
d isease bearing seed, and the results were also viti at d or that 
Tea80n. Under such circumstances, the solutions used, even 
though themselves free from the d"isease, would bring about a 



fungus which i n w k'"11own to be the 
Snyder * ha . hOWll quit co clu ively 

t make a hca y dTuft upon the 

. \J:LE S ~I OWI:\'G COMPAHATI ' nftAFT t ' l'ON OI LS 

BY IH FFEHENT CROP ' . 

C R O P. 

'Vheat ... ... .... .... . 20 b u. 

Ba rl ~y ....... . . ...... 40 ll. 


O at ' . ........ ... .... . 0 b u. 

e rn .... ... ......... . 6 bu . 

Peas .. ... .. ......... 30 hu. 

Mange ls ..... . ... .... lO ton~ 75 

Potat s .... .. .... .. 150 b tl. \ 40 


Fi , x ................. 15 bu. 54 


205 

200 


75 lO 240 


o 10 3 0 


215 4 125 

27 3· 87
I----------­

• Bulletin No. 47, Minnesota Experlmpnt S a Ion p. 5• 
•• See this bulletin p. 3t. 
t Compte-n-ndu d e la seanC'e dl1 5 df'cpmbre 18!17 d~ In. So<'let e ro_ I de 

botaniqu dp Belgique. Bulleti ll, t ome XAX VI, denxiem pa rt!. pp . 18~-275. 



•• Eenige ·Waarnemingen en dpnkbeelden over d n v lusbrnnd. L ndb uw­
kundi Tijdschrit, 1893, bl. 5fl n 105. 

• This plot of gl"ou.nd Is k nown In the Colleg Re ord ~ pI t T . 30. On e 
of t he rensons for kpeping it in continuous fin. cl'oppln g , ~for t it purpo e of 
ascertaining what elTects such methods would hu,·e ill de, loping flux di ea es. 

http:gl"ou.nd


8 soil disease and can live in t e h umus from year to y a ; thus 
there will be many ways in which it may spread f 'om field to fi ld. 
Let ev ry one experiment some and unite to stamp out he di eas . 
We cann t hope that th di ea e may be less d true · ve in this 
region than elsewhere; for my experiments show that it is a 1 ver 
of rich an alkaline soils. 

Dl TRIBUTION OF THE D r SEA E IN THE ST TIl = I have seen 
the disease in the field at Fargo, Harvey, Larimore, H unter, al­

Ph otog-raph showing the effects of the wilt di sease IIpon fl a x plan s 
of various ages . 



I Y i t T and c: ssclton; I ha\'e re j ,d specimens of th ~ di~ a d 
p lants f rom Cando, Park Hi \'cr, D \ ils Lak , Grand F rks, Hills­
boro., Sheldon La1Ioure and Barton; I have also found the 
pores f the parasite in numer()us ~amp] <::, of ·d received from 

o ther points in the state, and from seyeral liJferent counties in 
finnesota. It is very pr I ( lIe therC" Tel c t nany fields in dif­

~ rent parts of tile state haye already b en iuf _t d. 

THE ApPEA ~ "N E 

S ket he:; s ilo dng clumps of young- flax plants wlIi h ha \'c w i lted, du to early a~tack 
of the w ilt. fung-u s from flax si k ~o il. O ri d llal. 

and n deca Oldt'r plants whi ·h 
are quite v ouy ake on a sickly "\\'cal·, yellowi~::]l Hpp'al'an , wilt 
at the t I lowl lie, turn 11'0\\11) and dry up. Nearly mature 
p Ia l ts wh t·h a1' atta ked, but no yet dcatl. ar easi ly pull c1 up 
the roots breaking off easily at about the level of the furrow slict'. 

Upon examination, most of the sll1ll11c'l' branch roots are 
f ound to be dead, as well as the tap root. below the point at which 
it breaks off. These dead r oots and the pnrt ~ of the tap root 
already diseased have a very characteristic asilen gray color. Many 
nearly mature plants which nre attacked ]at '> in ljfe show this 
dead (fray dowll one side of the tap root only. The leave", side 
branches, and a strip of the main stem above this portion are 
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th ~ ppear-

EXP}JRBIENTS SnOWING THA " THE DI E SED • I V" HAVE 
.L

T OT LOST FERTILI'fY OR A C 1lIULATED HE1IICAL ~ I BST OES 

D E TRI1I1RNTAL TO FLA.X : It eemed from tL start d , ir 1 to 
determine whether Prof. Luacrer conclusion, that a Hnx crop 
leave som substance in the soil which i "unkind" or 1 01 ' nons 
to following flax crops, i tenable. It has been shown b 811., der's 
analyses * that a flax crop a e not draw more hea i l. upon the im­
portant plant foods of th ",oil than other comm n crop. The 

hemist of this Experiment tat-i on has also arrived at a similar 
conclusion, through analysis of th :> soils taken dir ct ir 111 the ro, 
tation plots on the College Farm;and Prof. Shepperd ** ha~ hown, 
b comp ring actual yields .. that wheat and other crops do peci­

• Sf'e th l bulletin page :ll. 
•• North Dakota Experiment Station Bulletin No. 3(, page 451. 
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Photo(:,raph of a pure cult re of t he flax wil t fung us / F". n r itllll l ill i 1107' . .V'.) 
growing- up n sterilized flax roots. (Origin 1) 

Several experiments of this type have conclusively set tled the 
question of soil depletion. It al 0 .does away wiih the id a th at 
old flax straw decaying in the soil can produce some ubstanc& 
which is poi~onous or detrimental t he growth of tlax plant , for 



th r was plenty of such decaying matter in th" s it us J .in these 
experiment::;. * 

THE CAV '.\.TlVE G ' "T IS A F ' GUS PA.RASITE: 

ment o, in l~LJU alld l~Ol, 1 lavc bec:n aule to pro\' uefinit 
ill ili..,ea::;e i::; not due to oil impoverislunen or to any , mical 
substance left ill ill oil by the ueca .f flax roots allll terns. H 
i3 al ~ proved tha t a dcfini te species f fungu is the dire·t 

11.1::5'1 OH Y: 'l 'uut we Ita ye ueeu a ul to a ecolllplisl1 tl1i~ 0 aerini tel y 1 n ( t 
d ue tu all accid e ntal 01' lucky lilld f a parasite. \\ 11 n 1 lil" md D r. Lu ...g r 
in t l1e fall of IhUV, li e call '<1 III . a Uelilioll to tl1e fac t l1a "Flux i~ sulJj 'ct t t h e 
<It lck f a strallge di~(wse w l1icb l1us UlllJCLlred iu ' ome couuUes r Minne ota." 

' ill" t l1 at datt' 1 lIayC llI iI d e cHell YI~ al' SOUlU ouserv u lioll.s ill l1ax ti'I(Il;. and hll\ e 
<.: lied "d -OJU!:! sp ec illlCll S, a ttemptiug to asccrtain a LIlt' ,t caus . :\lllllY lllit;l' -
.. :opi ' c tl us werG, fro m t illl e to ti m e, m ade ' llul tudi '0., uu t "J'e lIegati e 
III resul t uatil fJUl'e 'u ltures, lllad du r ing til SUl\J G1' o f IlJUU, Ipti u d tll o r-
g anIsm to II lookt'u t o r . 111 pre\-iou at t IHpl,' t o b tl -n pu r c ui tur lIad 
t a ileLl b 'c. u ~!:' Ol llilb 'ulti w111 II wpre f ou ml llard to O V r come, even wben II 
ul! ulHl:uu; > of disl'<lscd vlau an d ' o il wus c lose a t hul1l.l. '1'l1is condition w a 
lllade lJO '8101e tlIrough t J.J. kiud CO-OLl 'ratioll of l'ro!. J. n. ::lllepp C' r d, th ­ g ri ­
cultUl'IHt 01 t l1 is station. In t b e SUlllllll' l' of 18D3. 'rof. StH' PP >rd agr'L'd to l'O p 

n of 111s rl',ru lur oue-eighth <:1' r o ta lio u p lo l - c(.mtillu(lusly t flu ' uu til S Oill _ 
t llill O 

' sl1uulc1 h alllll'U. '1'11 ' ._o ul -t hing 'aUle llIarkedl to Ilotiee Jul 1- , U)OO, 
",h ell fl U of the -,"ou u plants II the lItl . plot W!:!1' > founu t lJe u('a(t l' r apidly 
w il ting. Th r('('o1'ds for t ili plot'ho\\, L1lUt ill sllite of im pl'ov'd draina " alIU 
~ul t ll l'aj U1l'tlIo!l~, w hich had s nill ou to r ise the staudul'U of 1111 tl1'l' crop 
upon th a(ljal'cnt plots, the yield of tla x was Ie s tl l.:h y ear ft r 1895. Iu 1 ' \)<'J 
it dl' lilled 1r0l11 l:..!.;_: bush ~ I " th e 'it' ill f 18!.Jo. t o 7.4 bm;llels. In 1000 a ll pI li t 
wer e d ea d by the l"ourth f Jul y. A t tilis time Prof. ~lH'ppel'(1 tu 'n'd t il p lot 
0 '" r t o t ile .lilltallieal De l!u rt m u t fo r illv Ps- iga tiolJ . I jl<t\" s in '~ be en un llble 
to g l any tlux vlullt~ to r!:!ue l1 mutu 'ity up '.ll tl1 e 'oil of this p lot . Iud ('d, mo~t 
pla u ts.; u 'ulilb before reacllin '" n ltl'l~ht of tllree inch 's. This pi t j k u , n 
i ll tl1 olleg'L' records us Hotation pint Ko. :::U. 

The following are a few of tile bservaLi 
fir t leu me Lo the conclu ··on that the ili~ -a -' e TIlU t 
minute llalli organLm: (1) The dis a 1 'r be able 
qui ldy t cl ... ·tr y all plants ov r large area . and plants of all 
ages tli·(} of es ntially tIl am 'Y!U)tOlll . T]p ob 'cry tiems 
s emeet sllni 'iL'llt to exclude the worl f insects. No in t 1m WIl 
could .nl1ll 1pl 'I ith suffici nt rupi l it to accompli sh su h work, 
and the illjur, done ,vas of too tin ~ and VI a t, 'p . (2 The 
d i 'asc was ol)servecl to sp read l'upidJ.v alld unifo rmly throu crh the 
soil alld wa::; abi to p r i ,t in th, in f .ctcd arcas ~ veral . ear ' 
without the crop which it attack . rrh '. f atures I ially 
p inted to a probabl fungoid origin. (3) Th disease \rC:1S 

to spread most rapidl
v 

in the line of the surfa .e W I1. h w, .ter. 
(4) In th I mfcctecl pots, plants weI' often found which showed 
only one blighted side. Thi ~ d "a(1 ,ide is mOut often nearest tb 
center of the soil infection. (j) rrhe disca::::e was found to spread 
most rapidl . in ferble soils and more rapidJy in those of a stron(T~ 

• Siuc this \\"ork wns a ccomplished, I Il'nrn through tiI(' report hy Ny p(;'ls 
that Bl'oekemu hnd prf'Yiously condll('tpd n similar stprilizntion experimpnt. r ­
riving at like rNHIlts. though no nH'ntion is made of seed disinfC'('tion wbl h is 
stri('tly essential to muke thE' expel'illlC'ut of yalne in drawing the cOllclusi1n. 
(See reference dtL'd on page 30 of this bulletin.) 
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] y alkaline p than elsewhere. Th s two f huc::> ar especi­
ally characteristic of low forms of fungi, including c rUtin ba ­
teria. (6) Ar as of diseased soil were oft n found at and dja ­
cent to points where rna Se of flax t raw had been llow d to 
decay, the areas of new infection being too great to be aLtribut d 
to any chemical substance blea<.;hed from th tra w. ( ) 'l'he 

. eae.: " was often seen e enly dintribut in the drill row upon 
breaking, indicating the probnbilit that i t had b n sow d with 
the se d. 

Tl e point tog ther with oft repeated experlments which 
show d that th iYlfe ti n of new soils coul be a 'l <.; mplish d J 

throubh the nse of infusions made fr m the soil d diseased ar a 
and from ick plants, left slio-ht dOli t that th di s a e mus , be 
caused by a' parasite posses ed of sn h great powers multi li­
cation and disease production as are only fund i ih low f rIDS 
of fUD,ai. It also seemed probable that it must b a]o live a 
part of it life as a decay form (saprophyt ) . 

AND W 
PURE \VEIm B-
TAl ED: f nno-us which 
pro nces the di NeasC' belong to 
It genus f minute plal1t whi h 
hntanl t ;- have calh'll F 'USa7"iuln. 
,1\"" it appears t he pLJ ies 
V'hi:h i new t hotanical de­
!=,C'l'ipti n. , I h call i Fu,; ar­
111.m. lim: * af e the pl' "hi h 
it uti. J . 

Mu h diffi ,11lt~T was cx­
prri(111 pd in proc11ring a pure 
clllture of an r~( n ' ~m whic:h 
r-nllld attack a liv flax pla t. 
rrhc lim'ul i S Inn, e chiefl y 
1rom the pre nee f Dum rOllS 

eons fungi and ba­
hieh are any. pr cnt 
s il} upon "n d wi hin 

ayinO' par t of the di­
sP!lsed plan s. T 1e 

Tigure showing the norma l g rowth a nd fir,"t procured in pUff form 
spore formati o n of Fusariflm !il/inov .sp, .Jnl v Gth, 1900, h. t h f Howin g upon agar, ten days from date of in cu ­

lation. Malrnification ahout zoo. mdhod: tems of mod rately 


mi. lla 

• r,'U AIUlJl\! LI~I No . sp. ' ('g ('tati\'~ hyphae, Ught colored, .7-3 m. m. 

http:il/inov.sp


T n nax plant s, whi ·It ,reTe just beginning t wilt were 
Eour inehe of the app~ rClltly healUlY lllain tern was 

cut -nt, trjpp d of i t leaves~ ,,'ash J. in di~tillc c1 wa ter and 
soak·d t wo mlnut s in a soluiion of formald hvd made Iy 
adding tro al cl on - If parts uf tiLanclaru f f lllal d hy , 100 
part f water. .lipping madc Jl'Olll H:e internal w a p' t f 
these S 1113 were plae d in il sl l' i lc rnoist chamber. In tOl r day" 
t here gTl:w ut fr m th ut (, ll eL.: of th sc c:lil pLnn'~ < Itif lll 
down-lik ~ " 'hit 6Towth of fil mne Ol s. (See fio'un' in Petrj i L) 
B a series of bait la e fTum ~ tc\'ilc~ d ~C ()l"tiC;[tt·t1) gr'cfl, h (ltl Y 
fl x , t !n:::-, it was e y t O':.> t t he lnngllS t ransfrT '(.c1 t o tll usn 1 
olid nltnre m -·dias. On these', i l makes good gro \\' ( 1 nn frtut 
bu nclantl ' ' with quit Ch al'HcLeli:,tlc errecis ul on slightly acid J 

agar. 

plue cul n ~ :111<1 lip 1 m i;:- t .J ril e ._ 11, 
very rap icl, <l1lc1 pr()£ll~ , ]1 :)1''' formati n 
p res Lh u.~ found gel rc th) j UfO L'lllCl i i I n 
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to cause t1 e ro ' >g n d ion of a fun g us will 1 h,1(l en obser ved 
''lith t he di ::: a~ ' before. Sine that time it has been found ass · 
ciat cl wi th all p J_imen of ih wilt ->'amil1ed, and it i ' alwa " 
to be obtained i n the soi l of inf ~cte c1 area . 

Altl 19h the differ ent spore form 'were f o nd in 1. 0 Y 
studies u pon culture m edias and n )o h u u~ ,n 1 elcen ing flax 
r u b i<;:h in d i ea cd fields, the typi al F usarium spores were n ot 
f und upon li" ing pt nts nntil J uly 11th, ] 901. '1'h 'S8 sp res 
se m t o oc(;ur above ground only und I' certain Iavora 1 nru­
t ion s. 

IfODE OF ATT.i K : 

~1ll d ilJ r as 
0 11 ll lC tl c ayil1g 

F ig u re s h ow in~ the ;thility of a p ll r e cu lt u re of F lI , lI1, j/i l/l f 'I 
l iJ/ it o a lta 'K yOlln j{ fla . plauts ",h en a p pl ietl at di f - i (' , 011 nCt in 
f r nt poi Il l~. 5 ;lnd j J ou ng­ pia , t , ki l le ' cari \'. at - ('S l") (' j an ,V IIp n 
tile! etl frolll l h e "n il . l' la u ts J and -I \\ e re ;I tta c l<ed 
u pon the ~ i de~ of t l! , te ll\ S alltl u pOll lIl !: Ste"" I ('~ l\ e:-, tOot, an (1 st 111 

fL.l. x, it an r acl ily t h r ivc there f r, l on~-r p riu 1. OIl' 'n a iOll s 
m ea on t ll . l[Jti oll lot of th , 10 11(, 0'0 Fa r ll1 t nd npon ft Jrl 
el- where indica t hat ' t 111: .Y n ot OJ ly r '11 1< in ill Roil m ore t ha n 

'tl n t tIl p r ,s,Cll CC i :, f fI (TOp . bu t i t (:, n ;11 0 

grad l fi ll. r ~rreael a J lO WTl IJY th ITt t U p011 i oll o\\' ilw r p~ . 
']1h :> fil flments rami fy t he su il thorougldy t n il P l'OU Ul' en 

abund an ce f _pore wh ich mny rOl' lIl il1atc ,It one . Jr ( I Y or tl (~ 
fil amell ts CO111 , in conta ct with a , ' Ollll g; flax r1al1 t ~ t ltrl,v 1 n -
h ate i t at fill P Oill t, th1' ugh th e sec(l 1, a ves , st elll 0 1' 1' . t ~. 
soon < the plant l ies, i t b CCLmCti ' 01 rna tr.T ial for lile fllfl .!lUS . 

On aIlll in u 'h deaa parts, 1111 111C1'OU SI)O},CS arC' oon produ ' . 
an d nrc carr.lcc1 throngh the ::<o il by \ra ...hin g­ of rainwat ' r. et c. 
T hc m ore nearly matnrcd plnnts :1.1, - principally fl tinckr'c1 b, \rn,V 
of th e root . Thc 

v 
clie slo\\'l y and may cycn ripen seed, app ar­



ently maturing early. gh th => c;:.t ms and roots of 

F ig-ure how ing clllTPps o f p re~ w hi ch the FII,~n,.il!m uSlIally procl llCP." t!flnn th" sid(·s 
of matllre fl a.x ste'n, , The dra w ing-" are ' Tlad e from c ro ss se c tions o f :t tla ,' ,,!t'1l1. thr ll~ h t il 
-por e ds, The ",ure on th le ft . i ll low 111 1 TtlfiCll li on . i ndicates ho w the r;lalltt'lI l:> r.lm ;fy 
the ti ssues: b. bast fiber~ ; w . wood ce ll . ; I. flLn~US fila111ent ; 1", ep id~T lIli ' ; -'. mature ~ v re, 
T he magni fi c tion of the figure on the tig h t is:l prox i ll1ately ,tOO d iam .. t r 

T IlE Ix- 'LUENC . 



:rapidity thron gh a sample of well plllvcriz d il'gin sod. Other 
features being equal, it seems to be mo-s t clestru bve upon strongly 
alkalln lands, ihu5 th application f lime ' eems to incr"ase its 
development. 'rhe most general damage to th crop oc urs under 
c ndi tiOl]S of drOll c),} t and npon oose, irinble oils. Atmospl18ric 
conditi ons se' m to have little to do wi th the di x pt in so 
far a tl ) directly affect the hysioloaical proc . of the flax 
plant. \.. cer tain degree of ll1oi. tur i., f UT'C , 11 ec ss:uy for 

laf er > (le'i'elopmcnt of the fungus in the soil, ana the spores are 
proehl ' cl in greatest <. hU11dancc on i118 stcms above gruund in a 
hurnicl atmosphere. 

How Nmv An l·:.\ s }\f\y BE001[E J~FECTED: :\ppnrcntly th is 
diu _asc \\'illl)(~ a mol' rllthcult lie to deal with than wheat-smut; 
becaw~e iho fllllgns of flax ,,-ilt 0n11 live and sprc'na throur-h the 
"oil. On tl incs 01 a IV\\, o . tlle c'''-1'0rimen ts. \\~h i ch have proyed the 
disease to be an infect ions one will l1lnk 11 i" P in pLlin. 

TXFI'~ ('TJn:\ FXPEHnlF,XT~ l?\ TIm FIE Ln: 'I'll ~ re 
conclu l' te'd upon n fip ll] , n -hid pl'Ohnhl~- h:Hl nl'Yf' 1' I rc' 1n!" I,v b OI'TI 

F:xp 0J'impllt 7\'0. 1, .Tilly 4, 1!100, ~ om p fill dirt pnrtl 1(> , WI' I' t :lk n f l'o m 
plot TO , :10 fll'd ~n'l'p ,wat t f' J' (' d ll POH tlte' "lll'fn(' (If :1 b e d f~' illig 11:1 x, H e­
s uI t: l\1:1Il~1 pl'lIltR f1iC' rl of tllp (! iR(':H'p h l'f I' matllrl l ~· . A ('It,'ek bed kC'pt f or 
t h e PUl'POSe' 1'('l1l:linCIl 1' 1' e' from th e jist'n ,. , • 

RX)lPl'il11t'nt Ko. 2, .JuIY 4, 1000. SOIll(, ~'O\lI1 g' l1 a..: pI n t, w re ''':It('I'(',l w ith 
wntpl' ill ,,"Id,-' Il :-; 0 11 '1' :,;oil frOll1 plot Xo, :1\1 h flil hf'f' 1I ,,;oak!' ,!. HI'!"lIl t: 'rh e 
:on ng plants n-e re s o n attnck(>(l. SII O\YiIlg many w I l t <1 /l Oil th e datE', .T il ly 
UHh. 

Exp l'l l le'ut No. 3. .T\ll~ 4. 1000. SOIllC plauts w h ich Wf'l'(, j tl, t com ing 
t h r ollg h l ile >,oil ,,'pl'e wnt f' rr',l froll1 :1 (,01,] infnRioll . Illill l' h,\' ;;onk ill ," \"l It il 
flax plauts, Hp!'<11 Its: .Tuly IH. tlte clis l 'aS(' lonk fu ll dwrg f 1Ill' U(' , and 
pi n ts ~YC're fOllnd dying'. 

Exppl'inlf:>nt 1\0, 4. .TIII~' 4. 1(100, ])isC' nspd f1:n: ITn ' ' as h11riNl In n 1)('(1 
nnd flnx w as 8eNl pd on'r tlte top of it. R ' uIt : P l ants Ul' c nm e thnrllu g Ily 

i e nsC'cl, 
E. ·pf'l'i !)l f'llt Xo, G. .Tuly 22. l!lOO, A nl1l11 l r of youn g n l nn t>: "" 1' (> w ll tpl'l'f1 

w Ith n r 'W qll:ll't~ of wntf' l' into ' Ilil'h Was l'tl l'l' t1 til fn n:;:-II , grow th fl'()111 
S{ I'n l pnl'f' I'lIltl1l'pS u pon :I ;!n r . '1'11 plant" a t tId " tilllP W Il'l' hOllt 111 1'01' Il n c'1 

n e·h a lf {P('lips hi/Zh, Ttf'slIlt: , ix or th p in n t l' 0111 of fl fl O, I llI p (' 1" lI t n 11 1'(1 
o f w ilt h ,--' f( 'J'(' J'f'ac'hillg' l1J:lt11l'it~ , It- wn , fO lln,1 th n l til I' 'Il!!li h 1111' r ony 
one 0 till' infC'ct ion matf'J'ia] ':l1lfu'rl it t l os(> tit p ,·'r nf' 1'I'0'II1I'il1g t1 bi l :1 , , 

E x p (>J'iJ11P llt X n . n. ,lIllY 10 . l fl j n. Flnx sp,'(1 W fI , 1'("'/'j ""1\ 1'1'1\111 ~rl', .T oh l 
A n df'J',oll nf lJill " horo, Mr, . \nd C'I':'o ll ;:tatpIl t it , t h i.' 1I:lx C'l'II p i1 :11] h(ol'l1 n 
" , pott pll (':1111 11' .. ill lR9!1. ~Olll p f thi~ ' ('I' r} ":1 , , 0 1' 1' ,1. I~ ('. 11 11 : Xl':!rl .\';;O 
lwr pn t . of th e plants whi('h c alli e \1 ) in t h I :3 eel died of wilt ltdo]'!' ['(>;1 b In" 
fi . t lll'lt, ' . 

~ , .rim nt ,7. 'l'l1C' Ill':l of ~I'Oll1ld li P n w l ti dl t llp,, (> (>x p f' l'iJllC'n tR 
w I' (' Jlol n h 'd i ll lnOO wa s "I'f'C1Pfl t o 11:1x in I!Ifl1 . ' r h (> , ( '("> ' ] II "r' ll \\': 'S t r pnt (1 
t o 1 ill :Il1Y t1 x \I'i lt "1101'(,s w !li f'h llIi Allt hn ppr n to h In It , HI'>:lllt, : O n " (,f)TJ\tl 

(l ll !';ll~' t1nrl th e !';pMs npOll \ ' hil' l\ tlir> inf,-' t i01 1 'X-npl'i ll l lit. W' I'C' 1Ilfldl' i ll l!1n() 
b , th e PI' , (O nl'f' of t Il(' 11 ('Il (1 n nrl Ih' i!1 !::, pl:ln l~n· 1t p t \ :l , !Jl Il I'It (' nl arged 
ua d n o fl a x could lin~ in t-lli:' ('!'ldc'I' of any 11 of 1'II C •.' pM , 

1TK i,' I'; 4''T' J X ]<;.' r'l <} nD{F,XT~ 1:\1' THB LABOn \TOny : [an difT C' rent 
k ind of inff' i o n t "t8 h:1Y C 1)(,(,11 ('an'l (1 Ollt In the I:!horat(ll'~·. 

RxpC'rinwnt No, 1..11l1](, 17, 1!101 . ; it'~11I soil y " tn k n fro m h"n l'I11, unt!\'(' 
' prairi e;> >:nrl. Tllt' piau \Y 1'(' wa tered ' i l h dl '1111l'fl n'ntl' l', I,'ifty ~(' (1. we rt' 
[llan tcd III • It of eight rowS. 



Row 1. 8(' ('(1 f ro m Christ Ball.~, M eCn nnn, quality wC'ak. 

How ~, ::;(>(' (1 fro m If, E. hnllgl E' r, Bulfalo, Sf ': Iy. 

How .• Il 'ed f r o m D. A. Langworth", Co rinne, f air qualit y. 

How 4: Sl'l' <1 from Gran llill I·'arlll, l\lay villp. fail' qua lily. 

How 5. SCC'U fr o Ill ,T. 1. '1' 11 0 III P SOll , Ay r, r a I h(>r w e ll k. 

How G, s Cl'd Jro m p o illt ll11kIlOWn , o f wpak quality. 

How 7, sf'l' Ll frnm i'\ . ~\. I\:losl', c r , All e ta , quite ::;Oltllll. 

How 8, seL'U f l'ffru CollC'ge Fal'lll, fair q uality , 


A rough sk e tch, s howing- the mode of a tta ck upon a y ou,,/.!" root ti p of a ~eedling 
fiax pla n t . (/ , germinating spores whi c h have sent their filam e nt:. into LIl roo t i 
b, new s po re beginning to fo rm u:ll>n fi la m ents ;od,ing fr(Jm the ti'~ ll e - f t l! 
root after infecti o n; c, a near ly III , t ure co n idiuIll ; d, unattacked part of yo u ng I'hnL. 

R esult s : J n ll c 2(i , H o w I, 26 plants liP , Hll s ound, grollnd n o t infec ted t WIll 
s(' f' (l. 

How 2. 1:\ plall ts tlI). spcd leayc 8 d ('a d in s omc case , n ud soil inl' d from 
many o f l1u ' l\l'ail ::;e l'd::;. 

how :{, :.;: : plall t s tip . 1'rom s tt'o n ~ seerl s , 11 wiltill~ fro ll1 til e flis('lIsf' , f u n us 
s(,PIl1I'd to !J r.' ;,;- r owill g frOll1 lllallY o f th e l; ('('l1 lJOti s, gronuu infe etetl from !lIm o, t 
all se ('d s. 

How ·t , :~n pl a llt,; liP, ol1 e attac'ke ll lIy wilt. 
}{O\\- fi, :l:! plnllls IIp, nOlle f1tta C' k l' (l by wil t. N o inf ·ctlun of the s I f rom 

the sl'cd. 
How n, :.!1 plants lip , 7 (lc'ad f ro llt wilt. 
Hc,,\- 7, :l:l Jll :l pts tip. :; 111':1(1 1'I'nll1 \\-ilt. 'Yilt spl' e adillg' ill th p s o il from 

thesl' thl'(' (' :111 ( [ fro III ::;01111' (h';lll fW l' d. 
H o w S, ·i ll plants tip. 7 kill!'ll 1) )' wilt fIIIlP:US anf1 th p so il ill f . '!'t ('c1 In s,.v ('r ; J 

spots. 'I'll' ]"linitiS ill tid,; (.' xp01'iIll f' ll t "'I'I'P s lIlli('j . 'll t l~' d is t ant fl'olll pa e ll o t ll " r t o 
:i1lnw OJ ' (' til PUll' II ' " ,;pl'I'lI11 o f tIll ' fllllglls ill th(> sn iI, "'h ii' ll call r aliI! . b e 
done 1II1.f!('!' 111(' (' lIll.liti ()n s of il1l1no r f' t1l t tll'l'. Jul y Hh t.Ill' ftlll g lIS lI a d sl,rea 
suttki l:'p.I I~- fro lll itlfl'I ' lio ll spot s t o I' 'neh allll kill all plallts . 

EXIH' rillll'I I t :\o_ :t ~' (,l'ds 1'1'01 11 t h e (' o )I f' ~!'l' 1,' :11'111 Wl'r(' tl'f'; I N l with 11 . t 
watc,' ~o :IS t o I, ill all ;,; p o r c' s llflo ll tll rom. Till' .\' Wt ' r~ plalltl' fl ill \" I I' ,~ln , sterl1 ­
soli and wal.' I·i '!l with (listill ('(l w a t (, l'. 'l'lIp p lallt s r f' mai llcc1 h (' nlt lt ,\~ n d t h, 
soil fn't; froll: .lisp;] ,.;!' until al'tifi r ia ll .v inf(>(~ ll' d . 'I'IJ. ' infect ion wa f; IN' ll lllpl is iJ<'d 
In ea c h o f t ll f' f n ll.H dlli!' way>;. 1st, f ro m SPOI'f' S Inkl'lI fro m li l t! f1 l1 x >1t r nw; 
21'.11, from ,, (·('tls wItit'll had Ilot 1)(, C' 1l di sill f(>(' t pl1; ~~ l'r1, from :';rl iI par ti r'1 q tllk It 

from :l lIax "ir'!;: spo t i n a ti e lrl; 4 t l1, f ro m c!I'i p!l tiIauH'n t. f t il t' lIn g t1 , . n i l' 
oried Oll p . par : :;tl1, f r om n pure .'ulhlr... o f tit ... fUTII.!:U S, , Id r'l\ 11:111 ith stood 
ail' (In-i Jl ~ ill t llf ~ InlJnr:ll-oI'Y on(' ,Vpnr : nth, from 1'1'('s ll sport' !'I \·a l. £'[1 II pure 
('tlltut·ps: :tlltl 7 th, f rom lJUs of f' lwrr n l't! flax straw '1I11 ' \' I'al' fl It! _ r.. t.1l.' ('a Rt> 
of th e s('\"I'n tN;ts. th p infpet in .:! C' IN I1 ('n tR w('n' till' thi'(>(> (lI frl'rl'n t t vp ps o f 
sport'S whit"\1 t il e fUll g us pro l1uc'cs. and al so ll e w gT. \\'1 11 f ro lll (jIll tl l ll m pnt . 
(hypha ' ,) 

Th e concltl sion from these cxperim rnts wouJ (l ~('pm t o be 
that the h~ea sc is widely dish ilJ1ltpcl thWl1l.crhOlll the ~t. t • that 
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EXPE11Dm 1'S TO VE)roN..·TnA'rl~ rrIlAT THE n _' A E MAY BE 

PnEVE:-.iTED HY SE ED 'TnEA" \IENT: Various xTlcrinwllts h v been 
made to flue] "Die uktancc and m lhod \vhi 'h ma r pro ' eft ct ­
ive in seed treatment for pre ' nti n of th discas -'; for it is evi­
dent that there can be 110 hope of escape f rom this .,oil t rou Ie 
unless all flax seed is eli -infected before planting. 

A P 'rtion of n long itudi na l ~ ,·cti, II £ a youn~ root of fl ,u(, atVlckc(\ hy th PII.<a­
'-'1/111 of lIax w ilt. '-, t"il s of I h e root' ". epiderlllal wall; p, note "pen illl! " ill I II 
walls, sho\\ illl{ ho\\' t h f I n g-l1S hon' its way thruugh the cell w.ll h ' j. aerul lila· 
rneltts of th" fungu' xt lin into the so il, 

The hot 1uaLer method helped to ",hu\V that the disease may 
be communicate 1 hy tll ,eecl, and that th pOf"CS can L kill d 
without killi 00" the ser e s, Imt it is not a pradi cal method as tll 

seed soon soft n8 and gU1l1S, or mnsses lik" ( p ulti . 'l'he di p in '') 
process has proyed a failure with all sorts of solntion for n l ih !­
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reason, It can be done for experimental pur~ose~ but (nnot he 
carried into flelc1 practice. '1'reatment with gas from formalJ _ 
hyde sel'InS d iJficult to control; both seeds and spores are killed "r 
injured ·w·ith (l'rcat irregularity, Howe 1', a method of treatment 
ha~ be 11 found possible and sll ccessful. The folIo" ill 0' is an out­
lin of some of the pI' li mLnal' experiments: b 

EXPEHDIEJX1'8 WITH FOIDL\LDEHYDE: Expel'im nt No, 1. The ,\ 
used "':1 fl'Olll t,lle Collpge Farm and kno\vn to iJe ar FusariulII f'[1flI'('f; , '.r ll,.' 
Ktren gtb of ;;;olut lOll \Vas Oll e pa rt of form:1 Idphyup to 400 or wn l·Pl', ' Ph S 1' 1\ 
w us soa kpd from Olle to Hi xty III illllti's, Ull'll allowed to ury, Each 'alllpl p ' a~ 
p lnnt d OIl :1 li e ld ,\' ltiC'Il \\"n;;; fr~'e frolll llifwasl', H esll lt ' : All '" Nl;;;, (lip il 
longl'r thnn thl'l' C' minute" fnil pil til grow, 'l'he tl'pntIllC'lIt t oo stroll ~ in a ll 
8 s. hilt IlO phIltS prorlnC{'1\ thp wilt fllngus, A cbeck I)lot from the Ilntl'ea tC'd 

seed produced n Wlly wilted plants, 

EXPC'I'illlr'lIt Xo, 2. 'I'h e s el' ll n:;;('(1 " "n II1llch infpdl'(1. ;;;tl'I'Il ,~lh of ~n llltin n , 
1 pn d to ;JI){), 'L'he s(,,'d \\':1.. t l'l'alp(1 iJy a Jill spra y, ann a t th e salll(, 1illlP \\'a s 
thoroll;rhl~' shon~lll'll 0\·1'1', All ;;raills iJcca nH' ('\' ('nly c1:lIIlP nnt no t w('t ('l}oll,'I'11 
to gu m or IlJat, H{'slIlt: TI1 C' r \\,as:t g ood gro\\'th of plnllts In tIl fir-Ill , Inn 
t h e t rentll1l'nt wa~ 11I,;tYY u OllgLI to inj ure SOl e see(ls, Tb nop nt lla1'n' t 
tlm wa fn'e frolll wilt, 

Expe rim( Il t -:\0 , 3. The ~p C' <1 u!';('(l was m in'.ct with p nl\,prizpd ('It:) rr all d 
broken s tr:!\\' 1'1'0 111 plantf' wlti..!1 <Ii<'(l r \Yilt in lDOO, ThC' Rt r Pllgth of ~nJlltio 
u , I'd W IlS 1 part t o 2no, T h e gl'ai!l W;lS t r e:ltc(l b ' th s prilllding ano "lIo\'ellin 
method. l:pslIll s : 'l'lJ p (li:';(,:Js(' IIlHd c it s appf'ar:l llf'p ill ,'OlllP pl:l(:I'S in till' tWIl. , 
'I'hp , Illf (' l·inns \\'PI' , fflunrl to :tri:;p from til(' bit. of t'ltnf and traw, f' 11111 ~ 
wpre made of slwh partielps or Ilis N18C' u f; TI'I1\Y, aud it \Y:lS ['0\111 (1 that fila me nt, 
of till' FllSI1l'iUlll Nl1lltl ~I'OW ont ['I'OIll th e ri,,~ul's afte r th e l:ltt('I' hall iJ een ,nul,pd 
ill a i'<()llltinll of lllll c h gTP:ll(" f; tl' l'n~lh thall Ilax sPI'1i (':111 \\'i t llxtnnd, Th e o ln ­
lIo ll fnill'd to I'P:l c h t hl' fl lll~ IlS 111\(1<'1' ;;;Iwh Pl'o(I'('lioll, III lll<' nntrt'n tf'II hi'('lt 
nil lhis I'XI)('I ' illll'llt , l h e tll -e as C' \\'u s so hl':1'"Y tll:1! \lral~ti(: : dl - n il vlau t d i d 
lJ f or ' m:tIIlril~·. 

ExpC' l'illH'nt Xn, 4., ThC' ~N'd IISf'1l \\':1:-; \y pn k, ,('rp(' IlI 'd fl'om ('ollC'gl' tl ax , Rnd 
Wfls fnil of \\"ill" SI)( )I'I"'>', Tit .. ;:tI'Pll!.!"1h of ;;;o lu!ioll \\'a s 1 P:l l' to _nn, T h 
TIJ<' thn(\ was 11,\' "Pl'i Il Jdill;.!: :11111 ;:ho\' ('llip;.!: ulltil the' g-1':11I1 \\':t. - II\Y Ilalllp, It 
n 'l.l l'; I('ft sll .C'hll\' (lilt-Ii 0.111' (I;,y ll(' fllr ' it. \\' 11 ;;; SI' l'llp(\. '1' tl lI l. · h tb ,> tl'l":Itm pll l; 
It took uP Pl'oxillt:l 11' 1,\' Illu'- llalf ,:!aIloll or "nIp! iOIl IW l' hnsh 'l of SPI d . HC'~ \I It : 
Fill(' ('r Ij) 0f Il lnllts :It hal'Y('st tilll(' allrl nn wilt :lppr':lTNI ill t h l"' Ill' ( tlnt'i ll g t it 

11 . on, '1'1.(' 1'1111'1':\ tNl h('{l fl'Oll1 Uti;;; ;;;r,pr\ prodnC'C'd 8(' :1l'('('l y b a lf a c.rop a n d 
w tl l ro ng-hly sid, with th e \Yilt disP:ls l' , 

T'~x np rl tllC'lI t So,;', Tlip EI'j'I,(,t 01' F'nl'lll:tl(lp11 ~'flf' nnll l1 II'n " n l'lu rn ~nnl'e, ntHl 
llpOll FIn, ~(' ('(l. III till'XP t Psts ( h ,' "P01'('::; :Iud Pelf; " '1' 1'0 Lll'if'd u t OIlCC', 

'rest X o. 1. The st 1" n ,(!'th of lli(' s t nt i n w n 1 pal't t 400, 
RP r l' , W P I' I'[('h , 'o,1\,(,cl fO l' lin' m ln ll tpi'< , t n mill111·p, Hl 111 tltil' t , li d II 1'-< , 

n ,>, nl t. : T Il C' s (, prls wI' rp pot Illnt l.' l'inll,\· in .i lll'pd b~' illun 1'sio lls of 11. I) t n iJ!:1tt 
milllltl'," , l lllt \\, p r e mUI'l\ \\"C'ak pnl 'rl l)~' the \Ollg r' I' lr(':11·1I1 C' 1I 1. Itp XPOl'pS W {'}'t" 

kllltlcl in a ll ('[(~l'~ , but til e filalllPII1s whi e h w e i' locat Nl ill lllt s r ba r k r mn ln J 
nblt' to gr ' . 

T st !'\o, 2, ~trp n::::ih of "olnlion u l'\ ('(1 \\'aR 1 part t n 2::;0, t imp of ~on ldll J! 
'0 lllh ll1tl'~ n llll 11\'(> 'ntilllltps , \'I'!,m l L: f'p pcls WPI' just P('l'(' pt[hl ,\' in j111'('(1 

by Ip p lng and (1l'~'IIlg- at 011(,1', \\,1.' 1'(' , ol1sl(( 1':11)1 ,\' \'('dllcl 'd i~l Irl ',ll A'th b~', a k i n g 
t,,·o m tn u tl\S, n llcl \\,,' 1'(> in j Il r(' il fl1lI r flO II [' nt, hy t it In' ('-IllIIl11 t f' t \'~':t l nlf'l1t. 
F:T1ort'!l \1'(>1'(' p II \' ill C' ll hr sill ll tly rl lrllln, nnrl (Ir\'ln::::, ou t lil:1l1l enl of l' \I , I' IIIID 

I' W IT III b!tf' of slrtlw aft !'r wllIlting fi,e minnte s, 

T _t Xo, ;j. 1;~trN' oC It' l'mnlth' h :rde ujlon Fu:ar[ul11 8pol' g: 

(II) RpI1Tl . soak!'(l ill 1 pnrt in l,non, ]:i rni nntt.-'s-, ome ::::1' 

(lJ) Rpol'('s sonkNl [II ~ pal'ts [ II 1.000, :l m inut<'fT-som ;lTP W, 

((') ~por ,' sn[(kprl in :! p~l1'l!'\ in l,OOn, ] 0 m imi p, omc g re \\', 

«1) Rpor 'S ,lipJlPrl in :~ p :n't,.; i ll ],OO( finn! gl' \' , 

«(') ~porE' s <:0:1.1,1'11 In R pnrl;: in 1,000. :-; lIlinnt!;:- m I'P \\" 


I ) 8p rp ~ , akpd in ~ part;: ill 1,()()O, 10 m illu t l : - n o ",l'u \\' l h13 , 

(~ Spo r es dipped In 4 parts in 1,0 no row l h s, 
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(11 ) ~1)Ol'e8 soak e d In <4 part!! ill 1.000, 2 minutes- n o gro""th~. 

0 ) Hi lo res soak e d In 4 pnrts ill 1, 000, [) lIlillute s - lI o growths. 

U) ~pol'es Uil>P l~d ill [) parts iII I,O()()-no growths, 

(k) ~po re f; soakl'd In [) parts in ] ,000, 2 mlllute!!- -I1Q growths. 
(I ) Spo rf'S s oak l'!l ill [) parts in l,UUO, [) minutes- llo gruwLh s, 

(tn) l:lpo re s soal; e d in 5 pa rts ill 1,000, 10 mlnutes- Ilo gro w t h s . 

Thi s expe rimellt g av e opport llllity to no tie e the effec t of f o rnlll.ll1e llyd e upon 

the s trlIe tUl'(Of; of til e spo r e'! , It is e as"" t o o" s e1'\' e whell the f ormalde hyde be­
com es slItli c le ntly s tro ng t u \"ita ll,'" e lJt'c t t h p li\'ing snbs tancp of th e spo res. Tile 
proto pla s m ue('o IIH-S g rallnlar alId more 0 1' " 'S8 shrulIken and d ead spores hl.ve 
a e r f? llate d aPl1 earall f' l' , If n o t too st rollgl~· uffpc t e d, a Sllore llIa y rl'gaill Its 
plUlllP t o nn wh e n w a lpl' is appli Pfl. S ometinie s on e or more eclls are ]dlle n, the 
other'! r e maillillg' l\\.Jle to gPl'lJlllln teo 

rrhe resul ts of these experiments fa vor the con lus ion that a 
rather str Ol lg sol nti on of formald ehyde actiIlg a sh ort i im will 
work m ost sati. 'factorily upon fbx seed, It was also provC' d that 
8u r h a in'a !Ill <?n t cannot clcstrov th e filam ents of t Il c F usarium 
whi ch are JOl'UlCU. inside of bits ~f fla x straw ; hence t o su ('d in 

J:o 	 ig ll re s h o win <Y; ii, ·Xornm l Ilntrt'a t ed s port's of FusariulII lilli ; b II n l r, th e 1\11Ie 
afte r a wt'ak t rea lmellt \ i lll fo rlllald eh vde-- s om e ce ll ' are yet a h l to J!errni ­
J1 :1.te; d, s por 5 w hkh w " re ki lleu by f o rm a ld ehyde ; t: . nd J ~how th e .ffects 
of diffe re nt s treng-ths of o rr() si ve s ll b li lll at'! solution, 

catlllC' llt for pre \'cn ti o n~ farmers m ust clean ih flax th r 
as t o rcmo\-c eyerythi ng exc pt th d~ ~\'hi 11 are to b ~, 

before subjecting the gr ain to t uc treatmeut. The h " , ct " 
5h u lrl either be bllTll ed or so di sposed of that it docs not get int 
t he manure pi] ~ ; fo r the fungus auld cabiJy be taken from t here 
t o new j-i elds, 

Exp (' rilll (, ll t X o , G, A Stlldy of th f> Eff('(' tiyt'll fl SS of l LJ ". Sprillkling" nnrl 
Sho\' (' llil1 ;;· M c, tlJ()(1. Two g' r;1l1 l's o f s (' ('d '\' c re used iII t.h e tr hl l : tha t of grad!' 
!\n, 1 \\ 'n,., a H'r~- fuir quality, \\,,,, lI e l(' lInl' ll \.Jut inff'c t NI : that f grad Xo, :! 
(, ) lItail1 (' (l nlall.\' sPPll f; o f w'pak a ud s('al~- trpc . Th e g raill ilt ea (' h r:\ • waS 
pIa (' in a [lil e upo n a tight fl oo r lllld s h o \-·e lled and hoe d o \'e r rapid ly. while 
1he '!OllltiOI1 W:l S s pl'a,\'(~ (l IIpon til e pil e b y llI pan s o f :\ s mall S!H'a r pUlllp. · 'I'll!: 
!< E' f'd of p; l'ad e ;';0, 1 wa s t n'utl'lI with a Intio n of th e st re Tl .!!'th of ] part t", 
2UO: th a t of "1':1(.1 l' 1'\ 0, 2 wiLh n stre n g th o f 1 p a r t t o 400, Th e grain , in eacl. 
ea se, was mad e: t h (I\'ollghl .v IJ :llIlP thro nghout. bllt not w Pt e n ou g h gllm to­
g ' th (, I', '1'IJis o;... a s :l<'('o lllplishpll b,\' Illur h sl\o H ' lIin g whil e th f' wa11'r w;) ,., appli('Il , 
A podiou oj' ('a('h wa s f;rH'l'ad so a s t o dry at OIl f'C , th > r es t wnf; I pft pilf'f] ahont 
Olle f oo t dp Pp, Th e lwxt day hoth pil E'S W t' I'P f ound to be dry; th e m o isture hnd 
in P:lI't e nlpo r n tl'd n 1111 in pn rt b c u n lJ ;;o rbl'll. 

G EIDllX ATlllX HgCO!{DS I~On THIS EXPIl} fU!'III;; ;\"T: (a) '!'pst or s c rds 
from g'1':\ Ie :\0 , 1: 100 hright, plump s l'Nl s w e rr tnkpn from the ('en t C'r of the 
pil e , 100 fronl th(' s P('l\s 011 th~ onts idl' o f the pil e , 100 froll1 tho;:; !" which were 
dri pd at on ('e, and 100 s imil a r lilt t r f' atprl scC'd f<, H f'snlts : On til l' 4th day. It 
WfiS (' \'il1 f' lI t that th e s e eds from th e ce ll t e l' of the pil e w c re le s s strong than 

• A fin e no zzl l'd sprillkling (' an will do for this worl., pro\'idNl on e is carerul 
not to SIH'illkl e 011 too IlHH' h soluti o n bl~ fo re Sh o ve lling o \'(' r. 

http:1':1(.1l


t hose from th e o u t sWe of th e pil p and those which Wl r C' tIricll at Ollel', wh\l (' t h e 
l att'r wer' quite as ~tl'ong as tho " frolll the uJltl'eated lot. On the 1:ltll day 
til p i n t ' W I' I" 'oulltplL 

1, 1 1" III e lll l ' of pilE', 7-l Ilorllwl plaut· , If) illlperfp('[. ancl 7 1!L'af!. 
~, fr 111 outsiLi laycr, U~ Jlorillal plaJlt , (j illllll'rj"pcl IUid ~ t1l'atl. 
::I , frum S ' cds dried at OIl(,C, Uti nonllal pluu t • ::1 illllll'rrl~I't allli 1 llend. 
4, from uutn'ated s eeds, 78 uorlll a l pia u t e, l-i illlvcrfl.'f't Hllll 8 dead. 
Til l,'usariulll,:tll Altl'ruaria, a nll sOllle ' m llltlll llI \) u lds att:lt'kt'u till' no· 

trea ted plants, while tlt(' t rl'atl'cl grains renUlilll'd I~lt' all. Till,.;, perhaps, a\'t~tllIll ls 
f r t he tillal growths fr 11l llU111 Iwn; :.! and 3, l.Jl'illg uettp r th:lll lllO:s' from tltt: 
-u u t rp:l t l'u ·t' P I!. 

b) Th t cs L' s eeds from grndp No.2 ga\' e the follow i Il g : 
1, f r III ("c'uler of pile, S:.! pl a nts of Honllal f l)I'Ill, 10 illll' c t" t" e 't, 8 dead, 
2, fro m outside layer, 7:J via Il l :; o f nor lllal forlll, 10 ill1lwrrl' I'l , Hi llead. 
:, froUl s, us (lripd t'arly, 71 plallts of Ilonunl forll1, 1-1 illl( cr(pl't , 1;) d t" ld. 
of , frolli Ull trea t e d lot, 7H plan ts of llorllIal form , I:.! 1111perf.., ' t , l ei Uf"If!. 
I u t ll!s set of t ·t some Fusarium sp r -. gre w OU s 'e lls oC :.!. ;; :lllll 4. No, 

t gay ' lJe:;t r esults. 
Expe rim nt ~o. 7, GcrllliIwtion h'sts upo n illL ' f'tC'U ' [>(, 1\:'(, 1I'I':1t c(1 alld UIl­

tr u t lc'tl Illl vlullt\,11 in sterilizp\l sf)i! to Ilot(~ h e err .., ~ Ih Pllt',; , ' 01' :; I' cd tn'at.IIlt'lI t 
t or pr \' ntiou: The 'eed used wuS illf('/..'t U, 1:H:uly l1ax uf wt'uk allll immature 
type. 

1, untreat('d; 1, diPIH'll ill forllutl<1 c'hycle 1 to 1,000; 3, dippl'll ill 1 part o40U; 
<t , d ipp d ill 1 to 1;)0 ; (), ill 1 part. t o :.!UU. Th e '('NI:; \\"t' re plallll'u aL Ollc e 11 fte l' 
t r 'l t lll nt n July lU )J. H esuIt: 

Un July l()tll lite (.'01l(litioIl8 w er a f lIows: ~o, 1, GU plants up, c leven 
pi a ll a ttn k t' ll , lots of iIlJl't'tiOIl . 

1\0. 2, ti2 pla n ts HI', twu or thn'e soil i n fe c tions frulll the s t'l' ll. 
?\ • 3, 57 plant:; Ul', olle wilt infcction foullli. 
~ , 4, 47 ldauts up, 110 wil t in !ect ic ns. 
No. 5, flU plaHls lip, no "ilt illfections found. 

rrhe t es ts under exp rimcl1t No. 7 con'ill'1'l'd ill co nn · ·li n 
wi th mallY other J indi 'at - tb at the prOpl'I' streng-ill of IOlTm d ­

luhon to be us c1 in the SpriJl.kl ill L1• nnd ,.;liOH lill b ll1C'tho 
u 1 part to 330 parts of watn « pproxi l1I<lt 11y 011' P u d 

aU I ), and that tilc Les t strength of ilax gl' l'lllioaii on ill 
Le btn in ccl I), r 8hov lin 0' or lHl.Ullling tl "l oTai n oycr aft 'f iIqat­
m It , uLli ·i 'lI t]" to tf ,t jt clri >1 ut at Olle , 

Tlom Tl~E:~.T~[£~ T ~ 1)0 SIT3LE: T llm ~r u s 1c.s l ' 111WC been 
made ,,"itl! other fungi.l:ic1C's anel \'dth Yari, us lIb ian cc's whi h 
g a e _r mi~l' that they m io'ht be more ea,;il.\T ;lppli rl in pl'actic 
t han £orma11cl ydc, Hat leI' sati fndory n~~ul ts hay ' lJ n oh-

ill 11 frolll some f ih >Hl, lJllt 11 S nOll e are y t llnclrr proper nn­
t rol, the letails of tll {('sis 'Ivill not hr g'iy n at tllis time. The 
i ollowill!! stllbshln 'es kIY -' been stucliC'(l '~l::; io their ITl'ct~ upon 
1 growth of flax sced, and upon the rl e\T lopm -nt of i he f nsar­
-m m: f'alt, lime. hot water, hot air, alenhol , flo, ers of snlphur, 
iron ,_ulphidc, copper sulphate, formald ehyde gas, corrosive sn1­
l irnate, ('reolin, creosote, k('1'O'::C11 C, ga soline. tll rlwntine. nilsol in 
'c. nd turpentinc. gasoline al1l] cre ~ ote, gasolinc and 'l'l'olin, gaso­
l ine and carbolie acid. Hlld earbo1 ic aCld, 

Of these snbstanccs opper sulphate and COlT si ' sl11>l iDle t 
prm'e ollite effectiyc, hut show no f]unlity ,,-hieh in farm practi e 
woulcl give them prefercnce over the iormalc-.rhydc, 
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fl~L" ~ ~d 'whon wet r adilv crums or m af-::sl'S in 'aka it has 
b en thought ' very dcsj rable to ~bh in :sOlD dT' tr ·a tment. As 

I t t l i. lIas n ot en accomplished. Salt, lim and sulphur are 
ineffectu al against the spor ,s i1ll1 '0, appear h('nd i ial to the 

owth of th e fungus, when applj ed in s tr~ngths whi ·h ar injuri­
ns to .t\ax. H ot waLeI' gums t he seed at Oll ee. Forrnal c1eh. d 
as i unmanageable in practice and -Lhe sec(} ' arc kill 'd irregu­

lad -. 
It woull pr ove v ' 'y acceptable to farm er s i E on could de­

velop a quick drying l iquid PI' ·C ~" . F l' thi ' reason ()'asoline and 
t nr nUn caeh seem ed promisio O". Sel'd irc'<ltcd wi th tll suh­
stance:; chi ,s at on ' and b . m es ery mobile, sni La 1 f r run­
ning throngh the elr' l l ; but, strang ( ' J it m, y f' " 111 , both flax 
s e Is ancI the spores of the Fnsarilllil withstand ..;oaking in thesl 

.C ' :.&. '" . , 
~~' -~ 

~==~', ~, ,,;:;;:, ':::::"'>-­' -, ... - , 

;:s.~r 

Fig ll re showing- the h!lracteri " tic g ermina tion o f the reg-ular ,' p re. , conidia. of 
i'il .<arilllll luli, n o \', p. a , reg-ul ar pore; [0 , s econdary p ores formed j ll t 
a f ter g-ermin a ti on ; c, two-cf'lI eu spore ; d, on -c lied spore . X ot " the peculia r 
fu~ i on of fihllnen ts. Thi s s ee m to occur I)efore the secondar • s pores be~in to 
form. 

ojls for long periods of til without effect upon their powers oi 
rmilation. 'l'hu, both g rmillated freely a fter b i llg innncl':S d 

for three days in gasoline of commercial strength. BoLh spar 8 

anI ", e ds O'(' rminaied well after soaking 15 minut in a 5 p l' 

c'n t ~oluti( n oJ turpentine in gasoline. Il few 1rial with 5 per 
• cent cal'uol­ic {i e'ili in gasolme al so show d that th i ub::1 tance nly 

.J ibhtly retards the gro'wth from the spores. 
Further efforts 'will be made along these line , but n gaso~ 

l ine has lllan y qualib " which would be against it usC' in farm 
pra tice. It is thus pleasing to know that it i s rea11.' but little 
more difficult to apply the formaldehyde treatmen t t flax, per 
acre, than for oats. The only point with regard to th e difficultie~ 
encolmtcrcd in treating flax is that it must he cleaned th rough1y 
before treatment. and one must be somewha more careful when 
applying the tr~atment. The solution must be applied slowly 
and evenly and not too much, just enough to evenly dampen the 



surfaces of all seeds. One must al 'o b very careful to dry the 
flax out at once after the treatment. 

POSSIBILITY OF SOIL TREATMENT: Tests have been made t () 
determine the effects of various chemical substances and different 
fertilizers upon the disease, by applying such substances in large 
amounts directly to infected areas. 

Expe riment No. 1. July 4, ItlOO. 'Ph e soil u sed was that of rotation p lot 
No. 30. 'rh e re had been thoe crops of tlux upon this laud. At thi s time the 
sixth seeding had jus t fini s bed dying by wilt. the oldest plants be ing from is 
to 5 inch es hig h. A portion of the plot was s paded into a numbe r of garden 
b~ds, 4:x4 f eet enc h . Three rows o t' th e same kind of flax s f'f'd w ere planted I 
each bed. '1'he s eed was 1~lanted in s hallow llrills. and olle-half of he substance 
t o be applied in ea eh cnse was sprillkl t'd ill th e ro",,,. around and OY l' the s eed. 
A rter t he drills were cO Yf'retl, t h(' ot i1<'l" hnlf of the substHnc w sehtt r ed 
~venly oye r th e sllrfn e!' of the Il f' d nlld s lightly rn 1 d in. All of t h e sub tances 
u ed w ere first. thoroughly pulY e riz E' d , fi lld th e f ollowing bNls were planted : 
B ed 1. untl'ea t ed; R ed 2, kaini t e o 1 p onnd: Hetl Cl. nitrate of sodn, 1 po und ; Bed 
4, ' Com pl ete f ert ilizpr", Ilh ponnd s : Hed 5" s npe rphosJlhnte . 1 pound; B pd 6. 
cow-dung, 2 qU In ts ; B ed 7. shee p Ill·opping . 8 ql1nrts ; Red 8, potass ium snlpha t . 
¥.! pound; BNl . cn r bona t e of ~o<1a , ll.j P0l111d : Bed IO. e hlo ride of 11 m • 14 
pound ; B ed 11. xa li c n ('i.l. 1/~ pfluml: H('d 12. iroll snlphn te, 11,. pound ; Bell 1' . 
potass iuIll nitra t . 1At pou n d; R pcl 14. e ll le ium pllOs pha t . 1,0 pon n l1 ; TINI 1:;. odium 
c h loride. lh po nnd ; B ed 16. eair'i11111 snlphnte. 1. pound : H!'cl 17. mngn , 111m u l­
ph a t e . 1 p011nd ; B ed 18. nntrcatcIl ; B ed In. eOlnpos t ecl h tl 'Ilynrd m a n'nrf'. 1 peek ; 
B ed 20, COPJl r Slllpiln te . l/:! po nnd; Heel ~1. lime . air HI :H' kpel, one ql1:lr . t> . DIy 
dl. tribnt('tl in t It top in('h CJf s oil. H(' S111 t s: .1111~· In. I!lOO. Th e tl lI_ . m up 
r nthe r (, ,-pllly nn d wpll in all I.wds a ft p \' sP ,o(,l"al good s110\\"prs. hl1t CI)l!1I1H'Il CNl 
t o ilt nt OIH'e with t\11' dif;I'Hse, 11l f1n.,o lw ing d pnd :1t this (l n t "'. IIgn., t th, nit 
p !.tnts w e I' f on 11d to b e rlpad. T h ey w e re kill ed b ' th w ilt f llJlg us, 0 bOWD 
by stucli rs m llli e in th e l:\ borato rr . 

Rxp f' rimrnt 1'\0. 2. Jn~' 1 :~. 1!l0l: P roft>s sOI' n. R . Hnl. t d hn . l' rO I mendf' 
fl ow e r. e sulphur as afullg ir; ill 0 to li p l1s o(l in in f ctr-d coil.· It 1\ , . 1) 
tOllnd t b f' iltP(l'prtil-(, agains t tll(' fln x wilt fnn~us. ~ is shown h y the fo llow· 
In g t pst . . Tn pnc h ('ns l" t1a .- wilt ~pores w or e sowpd with t il s E'ed . 

T I' _t ']\"0. 1. 0.1: parts o f s11lph11r w (' r (' ~ow('d with 11(' part of' S N 1 flnx. 
R esnlts: .1nn. 2i. g'ood stand of flax . TIlnJlY sirk of w il " Sept. 4, r o n tltur d, 
but fl1\1~' one-half of th e plants hnd di c'll of wilto 

T E's t No. 2. s a m p as ~ . 1. onlr a larg'e qllan tI . of thp . n lphnr w n lln k e d" 
Into tb b t>cl b e tw ppu til rows. H psnlts: Allou t ~ .. In t 8t roo 1. 

T es t Ko. 3..Tuly L . Soil waR tal;: n from bel1E'ath ' Il"g' in SO(1. pln('P(l In 
ll.ower pMs ntl s tpnm s t eriliz('d. 1"ln\Yl'r of s ulphnr W IP tlH' mlx Pll with the 
soil a s f oll o w.: Pot 1, 1 nz. of slI lphnr 10 !) oz . of s o il ; Pot 2. 2 o z. of . ulpbn r 
to fi oz. of . oil : rot 3.. oz . of sulphnr to :. oz . f oil. Ii'nsarinm ,pur w r 
planted b . . hlp L 11 s d n s('d . Hf'SllitS: 'J'hr(' ]n ., nftl'T" plnnti!1,!! th f' t llll~ lS 
was Sf'(,l1 to he I11nldllg n h(,:-J . ,!!I·owth. Lat _I'. som(' plants ('3111(' up in pn h 
pot. but Tll ost of th e seedlin g'S ('r ldll ptl hy tlt e FllSnriul1l bl"fo r(' g'ett ln g' 
throng-h thp ~ronllf1. F inallf all plallts dil'd of ,yilt. bnt th },'ns:Hil1 111 made 
luxuriant ,!!I'owth in tltO " pll o w 111a8S. It invnrl('d th e norol1 . s ill of h 
pot and prodllcpd spores in I1U:1.n tity upon th e ontsid!' in the open air. Indeed 
sulph ur ~pl'm t>fl to iP (' rpasf' th e g m wth of th e Fusarium. 

E x periment K o. 3. July 12. Sneeinl Rxpe rimf'llts with ~nlt: Thp /loll nspd 
WA S prepared the same a s in t e s t :3 of pXlwrim pnt 3. s nit being' llsf'd instell rl of 
pmlpbnr. Pot 1. y,. oz. of salt to 5 oz . of Roil: P o t 2. 14 oZo of salt to ri oz. at 
60il; Pot 3. lh oz. of salt t o 5 oz. of soil. Re,mlt.s: July 24. salt too ~trong, n o 
growths of pln.nts in nn~' pot hut thn Fusarium had rapidly fnnul ed the soH 
and was producing- spor ps in almnd:1l1cl' . 

Experim ent No.4. .Tnly ]2. Air sln('k f' d lime WflS npnllpd In tlI(' 8nn; e 
mflnn pr as thnt Indicatf'd for snlnltm' an<l saiL As a chf'mirnl trpntmput of 1'10 11 , 
It also Is a fnilnrp. The FlIHUI'lnm mnk es b ett t> l" growth wh en It is Dr' elit In 
excess than In ordinal'. oils. 

It is r.vicl pnt that f0rt il iZ0TS and mallUreR ranllot hC'lp the fl. , x 
t ' resist the dis.ease, and that onc can haye littl e hope of fin{ling 

• Kew J r rsey Expe rim nt Station R epo r t for 18!);), pa:;e 2Gi. 
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any chemical substance which will destroy the fungus in infested 
soils without killing the germinating flax. W'e must ther ore 
probably look to seed treatment and proper crop rotati ns to 0 cr· 
come this soil trouble. 

A photograph illustrating the effectiveness of a proper treatment of flax seed for 
the prevention of fl a x wilL Bundle Xo. I Shows the growth from a form a l­
uehyde treatment; bundle NO.2, from ulllreatt"d seed; bundle No. • from un­
treated seed pl a nted \vlt)1 an t"xtra infection' of the spores of the ila x wilt fun­
gus. E ach bundle represents_the entire crop fro m the same area of g round. 



)0 

Cn.op TIo'rATIO T : yet nothing very det-inite 'an be aid 
along this lin 'l. \V 11u ve ouly the . :pel'll'll(;e of lkigian an d 
other E llropcan flax gro wer:) to dra w frolll. 'rhl'i r rota tlOn s -, 'i s 
are a1\\'a " 1 1 o' ones illtrodwjng 111 1'e k inds of crop::; th<. We 

can well do h l'l', in our ext 'n::;i ve fielJ croI pillg. In tll 1(; " fl x 
gr wing eli hi t 01 the X dh 'rlallus, tll land is u 1 i r at 
crop ahuut lIce in ten 01' clevcn year::;. III ihi " wa t11 'op 
k pt u to lhc stnllllard. It is po::;::;i 1J1 \ that buch 1 ng roLa ti 
rid tile: soil or this and other d 'slrlldivc disc(l,' '. Pl" r 
LUfJ'O"l'l' has saiJ that he could find no aPlJareIlt (!()lllltlUll ; y ' t m in 
t ll tie rotations. rrhe.y S :l('lU t C matters of local origin and arc: 
k pt up n il lpl because they 'ive goo ' l' 'u l i· in the ·rops COll­

ce-::Il d. 'rh .followinb l;I'i) will illnstrtlt.e about UlC (\ vera Te 
t 0 of rotation llsed tllOI' • upon h ay lands: turnlp oats, cloy r 
cloVLT) wllCat fhtx, wheat, bean, wb-:at" potatoes \\ heat, oat, and 
flax. It will be an advantage 1 liS 10 find some ,;hoder 'ut f1' m 
flax t fin ". To that end, \\'e are ·ondudwo nt tho :--h1lion a 
of 1'), hand cultivated, l'otatiOll b cs upon plo No. DO (ih 
s c s (1 plot). 'rhrre is mueli roolU for hal wi 11 us, h raur::e i i 
probrlld that the B .}aians <lS well as others may Jw h n ~ -w­
ing diC:C'Hsec1 flax seed ul'h time that flax was placed II p n thei 
Ian ~, Tl1ev mav a1so h<lH' applied the dis('a ~ _ '10 n'w Jallel' v the 
llse of 1l1<ll{ures "infected fl'nm c1ispas('d :!lax. Nnw iht l \r, imow 
how tn fI\'T Ii preading Ole di 'o flse afresh (eh ,, ('aI', i t \1' lIl d. m 
that. tho iarmC'rs f this ,tate and region ought to have c ;-.1' _at ad­
vantage 0\ ('1' older ax counirt in l caling with i.lle troubl . 

The mcth 1 wbi h we· lllt ' nd to foUo-w 111<1 l )e jndicai d as 
i nO\\'~: 'rhe soil sclecil'e1 1... ·f.horollohl illfr·t·l bllt is fertil . 
N itax plant-sen n "\ ]in.) npon it B special l1ldholls VI! fine 
that \H~ 'an ahray, detect tll ~ PI' S· cc 01 the fnllgu" in the .oil. 
Th plot i~ laid off into t\\,(·lve dis illct h <l~ ~OX::;;~ ft'd ill arCil . 
EH oU urd \\rill b spad ~ d and \Torked with sieri iz d tools, E n 'h 
b d will have jts own draLnacre sys an -' is 8 'paJ'at d hy an 
alley-way 7112 f ·.t \vide. R ·fol'c each crop i. plan t d, an analy­
Bi" will be lllad to determine how abundant the FlI:=:arilllll i''' in 
the bea, how deep it exicllLl' into the soil, ric. \£ier the erop is 
ta kPl oiT', the analysis will he rrpC'H Led. Tht: crop phlCl·d 11p 1 
th ". b (15 each year will depeud upon results 01 these tests. 'rl c 
yO Ids wiJI be recorded and no fertilizcrs win be applied. 

In 1901, {he heds \\"ere han(llerl as follmn;: No.1, uarc 
faDo\\' (110 kinLlt; of planh a]]o\red to 1ive) ; No.2, whrnt ; No. 3, 
potatoes; No.4, beets; Ko. 5, bare fallow; No. (i oat:'; N . 7, 
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oat ; No. , bare fall ow plus 20 pounds of salt ; No. !), llare fal· 
low pllle 2U pounds of sulphur; .N o. 10 flax (di d wI ll' t e 
we ks old) . :~ o. 11, 'o,red corll; r\ o. 1:2, idle, gl'cv,: up to heavy 
growth f all ;:;orts f w , Cis, 

l iJ il more is known upon this mntter of rotation the farm­
ers f 11 "t aL are earn J UJ' r llllllcndcd not to sow il, . U P Oll 

land whi h hEls previously borne fIn · uutil a n umb r f th r 
crops 11a into'Ycll ed. Jf po::~ iblc , I t.hink i t would b b n eficial 
to t ake ott a crop or 'wheat ; a crop of (, -1'n.. p : tatoes T th er ho d 
Cl'OP; h crop of oats, barl \', or mi lld; ih " 11 follow th ~ j),V i::on A 

y ars of o ras an u pasturc. It lll El ,' bc bett er to have a slllall ar a 
of flax ('-i .ir g a hcav ,' : ield c\'c ry il' \\" YC'ars tlwu L havl to::. oui 
of th bnsupss on 6 1' ·1 y. Thll'c are r C:l ' OIl S for belie\'ing tll t a 
brom e gTa'ss so I wil l ha\~c a 11 st he-ll -'Cicial efIc ·t to\\"<1n1 T (",cren r­
ating s'uch "Has ick: ' soil. 

A p hoh g raph showing the appe~rance of a pure g-rowth of Flisarililli lilli fil a ments ari sing 

from the ill,ioe of bits of flax straw which had been treated heavily Wilh forma ldl'lhyde. 


This teaches that such bits of straw should be removed l>efor~ treatlll ent. (O riginal.) 


MEANS OF DrSTRIB 'TIO r : Dra.illage. It i s cvi dent fTom all 
observatiollt-i that th'~ disease arcas tcnd to enlarge lllost rapidly in 



the direction of the surface drainage. From the nature of the 
spor ", alld from the faet that great nUllllprs of them are pro­
duced in the soil and upon particles of decaying roots and straw, 
and on the sides of the roots and stems of the sick plants, it is 
plain that the spores may Le carried long distances in the drain­
age waters after heayy rains. It would seem to be a matter of 
wisdom to anange the general drai.nage of fiax fields 0 that the 
water may l~Ot Le carried over other lands. 

The influ ence of TVinil: This is all ~lcillent of unknown 
influence in the dish'ilmtion of the dtscase. By our xp rimellt~ 
we huyc found that very small partiel's of soi l from th surface 
of infeded areas are sufficient to start the disease in ,lean oil. 
" 'e also kno\r' that the 'pon's are ycry llumerOllS and light, and 
that they stand air drying for long periods of time. It is thus 
possible that t11(",)' mn,r lie blo\Y11 from field to field . Many 'ar · 
ilLl obsrnatioll . , ho\ ercr, hare failed to convince me ilwt thi 
method of d istributioll Ol"f'l1rs to all r marked extent. In ro tab o 
esperilllCJ is upon the COUl!,O' fam';, the a is lise t;C m ~ 10 stay 
pretty well 'onHnt.:'d to thl~ particular plots attackea . It. docs not 
spread Ycr}' rapidly to the imrneclLat.ely acl.iac lit plot . 

Other Mcans ur j)islritJllliulI: Besi(l s \rind < 1) ",at- r 
there Ul' a f('w ways ' in \rhi e-II the (li~pase can quile certainJ ' be 
cnrried from infected arcas in JH'W plots or fi el cl~. TIli n ay e 
d 'ne b, ~'attle walk-ino' o\"('r the di;:.:cnse c1 arens in a ct tim htl 
easily carrying m:rs - 01 germ bearIng mud ann dirt from 1 e 
t p]ae '. ITarro\rs and plows may serve a like nd' an d the 
llUUJure piJe may pasi1y LecOlI _ the SOl1rce of much jnfcctio • on 
account of the presence of old nax straw. It is not now kn wn 
what, cH'C'et propc'r composti11g of mauures may 11,W8 upon the Iif 
of the Fllsarilll . 

Sketche' showing-, I, scaly flax seed, and, 2, smooth, plllmp flax seed. Farmers should.scree l1 
ont all scaly, immature seeds. They harhor the spores o f flax wilt.. 

THE NECESSITY OF CLE.\.:\ IXG ASD GR.\.DIXG TIlE SEED: One 
of the most import<lnt point:-- ill U18 entire range of flax culture 
l i s in the proper cleaning and grading of the seed . In thi tate, 
flax is usually one of the weediest of our crops. This is h ause 



53 


f rmers hare been carel 's about cleaning the seed for this rop, 
'rherc are also no types )f our farm plants which 111a T sufrer mo 
harm from the presence of wceds than flax. 'rhi -, a1 ne \Voull1 be 
suffiei nt excuse for thoroughly c1ealling the se'd before SO\ Ing 
upon the land, but there are other 0 od Teaso 1S for <.1 jn,o' o. I 
have f und by experiments that tll week, immature . a1 or 
chaff see arc able to carr T great numbers of the SpOl'CS of the 
wilt di ~ ease lodg d in the scales or Cl'cases. Su h se l1 , are IT u­
ally soft at th1'e. hing time and tbn , if ':pOl'CS fall upon ill "'m 

J 
t11­

become Q'lued to the seed. In oue expcrin 11 t d ' tis from Hle 
reenill o tak n from a Jot of flax seed 'wh i h was di~('a , ] 11­

tained a 1'y mu h greater perccutab . of flax: wilt spriT('S tJl,m th 
plump Sf" d from the same samp1 . The test showed hilt t",.9 s i1 
in£ CtiOllS from 100 of the 1- h mp ~ cd ink n from the (,Iraned 
ampl . This sample J ad heen run through th till 11 i ng 111 ill hut 

on . The weak, ucal ' c1~ talc n from thr sere( ni n,gi< rndt 1 
thirty-seven so '1 infecti on s :fTom 011e Jml1 ul'rc1 , ll8 plan t · I. It is 
thu quite '1' tai that a thorough clean ill ,l"), and gTac1 in ,cr .f the 
flax: seed would greatly rechlCc t he po:::s ibili ty of lnfc['tLn g new 
soils with the' flax wilt fungus. I C'arncsU- n'(,C)n1m nd tl1at 

Fig-ures s howin g variou s grad,s 
of di >,easeu grow ths from imm a ture 
scaiy flax seed. All are more or less 
attacked hy the wilt fu n~u , 

tho e \ ho 1 not t hink that th ' ha,- t ime t tl t I'l'n l tlll' i r cd 
Jhu r a afraicl to do so f l' fea ' the'Y lilt1\' , tln';mo·h ill exp ri ­
ence, illjure t he seecl. should ('] C;ll1 the "C' '<1 tit{)]'ulwllly. 'I'h ' wi ll 
l' mOl all we ak sred anc1 t end to (:;msc ~ n l'\' ' 1'1 l"(anll lI r ill C flax, 
wh i 11 i, TIl ll h t e desired, ( it 1 V l 'y importa n t in a flax rOI 
that the Jl ants should be of even ~ tT 'Jlgth so tllat th('y IlI il 1' i n 

n] ,(. '1'1e , porC':s of the flax " 'ilt do nol '(' ' Ill to be able t o 
cling to aooc1, smooth, plll m-p se d. , 1111]e. ~ th fla .' 1Ia ' h n w·t 
01' dam p at som time. "hen S L1 ('h g:on 1 see 1 ,11' . run lu ou.-.,ll n. 
fa nnin g- ill, tl le 1 C' 2por and Gi i<:: of -'halI anll c1 l1,.;t whi h 
c:11'1" t.he disease arc blOWTl away. 
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now TO THEAI' FL.A.X. SEED. 

rl'hero arc S01110 !lilhcultics conn .ted with treating fin.' ",hi 1\ 
are not encounter d in lWlllllilJg other raills. \\'hen I first r c­
omnH:,nd ··d tho f rm,-lLl ·1tylle tl'catJ u ll~ 'r) wh at all 1 oa~) a 
number of farmers complained Utat thc ' injur·<1 t lwir ceLl. In 
so fa r as I bayc been able to lllyestigaie any -f tlw' ' <1S" , h e 
tr ubI has L 11 due t SO llle defect in th e maIll1l r in whi h tll y 
carTied out ihe ,york. 1 hope thnt no farll1n \rill ullLl rial e tC.1 

h eat III tinx secc1 until hc lw~ l"ad ill(' di\'cdiLlII~ 11['1'0 O' iVCll vcry 
carefull -. 'Vhile the all101111t of seed to be balllll f'c\ oyer is much 
IJ than in the case of oais and barley, olle 1111Hd tlo tIl w rk 
ycry much m'ore cardnlly. I hnye only to en II attention to tht:: 
ff..ct that the mere wetting of Hax seed unless it i;:; fJuickly dried, 
is injurious to its germinating qualities. One ollght, iherefore, in 
treating flax, t.o be ,'ery carefnl not to use a bit more of the solu­
tion than is necessary to damp n the grain. If by (; i!lrnt you 
should chan to supply more mo.i"ture to a batch of seeel than you 
ouo-ht to do, throw in some more dry seed at Oller nnd stir it ov r 
rapidly. The dry seell' will with'draw the (\x('e~~ive moisture 
from those which aro ioo wet, and thus preycnt injury to the 
latter. 

I . uld not recommend that anyone shonll} 11l11lcrh1ke to 
treat all his ccd flax i hi::; yC'nr. Try a sufllcicnt am nnt. to "ow 
an area large enough from which t harvest the eel fo r next 
year's crop. By anothl'r ~-('n r yon may l(,~Hll to avoid man 
which might now aTisc tbrollgh in xpericnce. 

The ~l[ethod of Trcatmcnt: USC' fo rma111 ·byJ,> at tll rate 
of on p und of the sbwlbrd strength to forty or fOTly-five gal­
tons 0 water (the sal1le stl'l' ngth llse(l for wheat an d nat<::). 
Spread the seed npon a tiglltflollr r upon a cann-1S Rnc1 sprinkle 
0-:- spra.v on a small an101111i- of the liq llil1 (a fine spra,v is h, ,' ). 
ShOH:'}' hoE', or rake thc gnlin over rapiclly. n (at illi s :: my­
ing, sho\'cling, hor ing or rakill g 1ll1til the SllrfH(,(,;:; 0 - 11 of the 
8ee(18 arl' jnst (' \'rnl) moist. not wei- en01lp:11 io lllat OJ' gut, b I t 
eV(,111~' dn mp. (This C;111 b (lOll(' ",it.hont rnaiiin,..( if th g:r( ill i 
well ho c1 or shovel ' cl OVC'f ,,,-hLl e ih! solntion i ' ~l(l\\ 1 11 1111 v n.1:v 
spray 1 upon 1t). , " hen the soc·Cls arc ju~i ,' nl , ill i:",t, .ea 
appl~r ing tne ~'o]lIti n, Illlt coni i111ll' to SllOH,l 1](' grnin o\'e1' so as 
to get it dryas ocm as pO,'Ri h1r. A \'oicl a]]~r . ·r ::: . of n i)3b11'0. 
If flax seeds arc (lip}w,l in ihc' snlnl-iOll or arc allowed to get wcL 
enough to soitcH the seNl eon ts so tllil t thr\' ·will sti ·k t g ther they 
will be con iclerably injured or yen killed. 
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It talc,s ]c::s than onc-half gaJlon oE t h olution to PI' Jperly 
m i ' t 11 ODe bu"hcl f flax seed. 

Cani-ion : One must tr at £lax wi L11 much more care U an that 
usually tak n in treating wheat or oat s .for smut. , 'rile solution 
r coml11en de 1. is tl'ong enou o-h to kill all ce Lls if th 1'e made 
thoroughly wet, r if they arc allowed Lo stay qui e damp for s me 
hours. 

Th ,q'/'{l'in 'nIllSt be handle l over im med-iat ly afleT iT tment 
unt-il tt is f ound to ve d'ry. 

lVote: The seed sh ould b thoroughly cleaned by l'llnninO' 
through a funning mill before it is treate 1 bec( u:-; th olnti n is 
not stl' no' eJIO"Llgh to kill the c1isC'a:::e (fuugus) which is in'ide of 
bits of sLra\v and chaff. 

SUMMARY 'VITII NOTE. 

1. There is a diseas d eonclitjon of flax soils which has long 
been known to farmers in tia ' prodn ing regions as flax sick oil. 

2. If flax is sowed rather ontilluonsly for a number of years 
upon the same soil this disease tends to thoroughl infect t1 soil 
so that flax growing b mes no longer profitable. 

3. The di::icat:le may he spread hy way of the seed itax-. 
4. The plants aUackel1 die at aU ages as if att( ked by wilt; 

hen I hay called the disease the flax wilt disease. 

5. 'l'he ch cct cause is a minute fungu parasite wl1ich grows 
on, the ill siJe of the flax plant, siartillO' ei018r from th e~d or 
b attacking the roots of older plants if the soil h as prcyiou 1y 
been infested. 

6. 'rhere are many way in wh i ·h th i1 :f cUon llllcrht reach 
new fi Ids, bu t the chief one i y w :: y f th d. 

7. Tne seed (sp r :,) of tho para ~it g t in to hc"o flax 
at thrcshin o- time" rattling off from the ides of t e flax traws 
whi(;h hay b . n aUa ·kd by the 1'a1'asit . 

S. " hen 8l ·h inf ct 3. fl:L' ,('(1 j' or ' f the 
fmwu' acrminate and at on ce attack the " ouna plants. Those 
atta k d :lrly die at on' and thpre mn., be n o stan d ev 11 from 
good seed L[ the spores of the parasi te a1'O bundant. 'Vhen once 
in the ground the fungus sp reads rapidly, attacl'inO' Dew pl nts 
throughout the season. It ~:m live from. ar to y ar npon the 
humus of the soil, hence the soil is soon ruined for flax. i years 



f c ntillUouS e ding of flax upon the sam plot at the A O"ricul­
hual ColI rr thoroughl fiUed the soil with the parasite an d no 
plants of flax can live there longer than three we . '. 

9. All other farm crop;:, do well upon th flax icl\: il. It 
has not lost fertility for i-tax, as is proved by e::qx.rimcnis which 
de troy the spores without injuring the soil. 

10. The flllgus belongs to a genus of plants \ 1 i h botan.ists 
hav caU 'd Fusarium. As this is a new species; we shall call it 
Fu~ r ium 1ini. 

11. ~fuch of the soil of this stflte bas not yet been infected ; 
bt t about 50 per cent. oi all samp1· of cl flax yct _mnir ed 
show the presenc of the Fusarillll :;;pores. It is probable that no 
sample of flu,? .e 1 i entirely free Ir 111 inf - f on . 

J2. 'Vhen the soil is once infected no way j. knowll to rid it 
o tlle parasit . 'rhe fungll s is able to live ill tile il for many 
yea ' without the presellce of a ax crop to fec 

] ' . The s rd ax sllOuld be thoroughly (l'rade l1 and cl an d 
in a fanning mill before treating. 1'hi8 will r m.ove all of the 
bits of (I i 'ea d fla x straw and chaff which woulc111ot be sum iently 
tr .cl to I ill th f lllgus inside of them. 

14. Af ter treating, it may be w 11 to sow two or 111' qnarts 
m 1'8 prr acre, as some of the weaker seeds arc ap t to b killed. 

l~ . Scaly flax seed and sec ,rhirh lta. br -'l \V t i always 
v T poor for se d. Such seeds ha 1'1>or i h sp 1" of f ungi \ hi h 
kill the young pI 11 ts as ~ Oil as ill ~ d~ r rminate. 

Hi. Cras SOWilW flax year <1 ftc!' year up 11 t h ~ '(. m 1and. 
P ut at 1 ast one cultiva te 1 'TOp and t.wo or more other crops be­
twe n n· x crops. 

] . Burn as much of the old {lax iraw and tulj\Jl "\ hich 
r majn ' upon tll ground as post'ible. 

J . Rai e our OWll Aax :::: 1'1 , grarle it up to iho k . . 'Vatrh 
for d i. ea cd areas and noti Cy th slnli011. 'rhrc"'h yo lr C 1, 1 n 
. a 'a n, i y ur own maC'llinc f rom a patch f t.run o' he, lth v nax 
an d store It in a cl an bin. 

] fl . Keep an the 11ax straw ont of tll harnyar(l. 1l1l1r, it is 
int nde 1 a put all manures th 1'01lgh a . cv al. ars OlllpO. i ng 
pr es. . I cannot say tbat tbis process will be sU(:(; ' . luI in 
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I::itroymg the fungus. It is destructive to mo t weed seeds and to 
he spores of many fungi. 

20. Avoid the evil effects of deep planting. Much damage is 
done to the flax crop of the state by too deep planting. The flax 
wilt disea doe more injury to the seedlings when the seed is 
placed deep mloose oil than when planted shallow. One-half inch 
t three-fourths inch is the best depth. The seed bed should be of 
even t xture and quite compact. 

E;ENRY L. BOLLEY, 
Agricultural College, N. D. 

farch 1st, 1901. 
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