THE RELATION OF SOIL
TEMPERATURE AND SOIL MOISTURE
TO THE INFECTION OF ONIONS BY

PHOMA TERRESTRIS HANSEN

Thesis for the Degree of M. 5.
MICHIGAN STATE COLLEGE
Axel L. Andersen
1941









Thde RiLesTION OF SOIL TierrhelURS sy S0IL &0I0tukl 10

Tho Inr2C1T0n OF OLlOns BY ~HOLsa TolREOTRIS Aol

by ~’;"\
LN

) A
Axel L, égdersen

A ThesIs
Submitted to tne Graduute School of iiichiran
Stzte Collerse of Arriculture and Aonvlied
Science in vartial fulfilment of the
recuirements for tne desree of
iAoTeR OF SCIediCE

Depcrtaient of Botany

1941



A C.&\LI‘O § 'r_LI'JD.}‘. . -‘;\-‘_-‘L:

The writer is graterul to Dr. kay Nelson for advice and
assistence in conductin: this stuay, to Dr. ¥. D. Baten for aid in tkte
statistical analvsis of deta, and to Drs. kay Nelson end . 4. bessey

for eriticisn end correction of the maruscrint.

.
o
%Y
')
&

;1



TaBL= Ok COWNTHNTS

Introduction
Economie imnortance of onion

Rel=tion o1 disease to2 wroduction

The diseczse
History
Imnortance and distribution
Symptomatology
Present investigetions
Ob ject of study
Materials and methods
Environmental relations
Irfluence of hydroren-ion concentrstion and tempersture

on the growth of Phoma terrestris

The relation of soil tempercture and soil moisture to the
growth of onion
The relation of soil temperature end soil moisture to the
disease
Infection of onion transvlants in neturally infested
soil,
Infection of onions seeded in ncturslly infested
soil.
Infection of onion seeded in artificielly infested

soil.



TABLE OF CONIFLTS
(continued)

Discussion
Surmary
Literature cited

Exonlenation of nlates



T..BLL JF PL.TIS

PL:TE I, The reluetion of temgerature to the growth of D. terrestris.

PLATE II. Thte relztion of soil temderature end soil roisture to the

infection of onion roots by P. terrestris.

PL&PW III., The reletion of s0il tempersture =nd soil moisture to
the growth snd development of tiie oxion.

LATRE IV, The reletion of soil tempercture and soil noisture to the
development o1 sink root in onions grown in artifically in-

fested snil,



-1 -

THE T FLATICH OF OOIL X 2Rzl TURL ALL S2IL LICLETULE 10
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1. TLFUCTION QF ONIONT EY B0l TIFUESITRIC halffll

»-0in. truck cro.s _rown on muck

0ils in X¥ichi-cn. Thet it renks highly as a cezl ero. is shown by

m

o
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comparing it with = few of th thzr wicely _rovn truex crops of the
st-te., During the yezrs 1979 cnd 1440 its f:ri. value wes exceedcd only
by striwberries :ad celery, «ndé 1ts veiluc ves ne:srly double that of cab-
beges  Durirg the Hrot cecode lerntings in this stote Love ilncressed from
coyroxim.tely ¢,200 ceres in 1951 to0 10,800 :.cres in 1940. The st=te has
edvunced from fourth to third zosition amon.: the stutes in total zcre-ge
end groduction, teins surprnssed only by Tex:s and e York. The totsl
production for 1t40, bused on stztiztics obtzined fron the UeSieDehie Crop
Harketin Doard (19), weo aporoxinmctely 1,926,000 hundred pound sacks
valued «t &2,807,000.00,

In ilichigen onion crowing is proctically restricted to muck
soils, This h=zsz led to the coucerntration of the major onion growing
sections in southwesternu and scutlcentral prrts cf the stote vlere there
cr= extensive rnuck-lunds and where the rarisets are necr ot hand. The in-

ustry is concenir ted wostly in 4Alle:srn, Newaygo, Celhoun, Ionin, Incheom,
znd Jaeckson countics, with gazller ceresges in Ottuwa, Xent, B rry, Eator,
Ven Buren, Vashteraw, &nd Lepeer counties, In Allecon, Barry, cond Xaton
counties, especially, «nd to a less extent in some of the other counties,
the lond hus becn used continuously for onion production rany yecors.

This continuous usze of lond for crowing one croy yecr cfter yenr is es-
peciall, cornducive to the develoment of disease. Reports from Allegan,
Berry, and Iaton counties indiecte thut the totcl acrecge for the coun-

ties hes rot chrnoed puchl during the last few yeurs, but on the other



hend, the totnl yield res been steadily decressing. In Newayso snd
Calboun counties the onwuosite condition is true. Onion rroduction is
Tairly new in thnse two counties so trot yields ner acre wre consider-
ably hisher there thsn in s#llecan county. Continuous cropping of the
s0il, year after year, hes stinulzted the propagetion of soil orgsnisms
perasitic on the roots of onions. Conseouently nink root of onion,
which is strictly a root diseuze, has beccme @ serious menace to the
onion cron of Micriren, Because of the ¢rest imrortence of thie onion
industry in this state end the votential destructiveress of thnis disease
to the onion crop, a long ranie prosrsm of control has ceen started end

the work reported herein is a pert.

i1 LIcies’B
The esrly history of onion pink root is somewhzt comblicsted
beceuse severzl distirct orgzenisms have been susvected zs causzl sgents,
Tte disease wos firct mentioned in 1917 by Tecubenhaus end Johnson (9),
who renorted it in Texas. In 1991 Tauberhaus end ially (10) rublished
an extensive pever on its etiolosy ana control. They believed the causal

ecent was a rusariuvm which th=yv named Fussriun melli Tavb. Isater cideris

(7,8) reorted sever»l species of Fusarium which he considered cenzble
of cavsins the disesse, In 1926 Hernsen (5), by irmersing firm orion
roots sinowin~ early vpink root syrmptoms in 1-800 mwercuric chloride for
three minutes, obtsined subsec:eptly on isol=stion a fhoma only. Iiansen

(4,8) was uneble to renrodice the disesse with enltures of ruserium relli,

Furearinm cromvortheron Sideris, and other fusarial snecies. On the other

hand, he readily vnroduced the diseacse with the s»yecies of rhoma he had

isolated ana which he named choms terrectiris.
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Iicortonce snd Lietripution

Pink rhot of onion hxs become of rajor irnortance in neesrly
all of the ornion rrovine«- sections in the United Stetes., Definite data
are not esveileble for the onion srowins districte of iiichi~en, but it
can be stated thut the effects of the aiseasse cre reflected in a progres-

cive decrezse in vielads
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Durirz tre harvesting sewcon of 1940 evcry conmerci=l onion
field in Yaton County vees vicited to deterrine tre extent of rink root
diserce in that county era to correlste this inrormetior with exverimentrl
results obtsined in tne creerhouse, The normel armuel yield for orions
in ¥iehiran on noninferted fielas vihich bove been properly fertilized is
gnpro¥i-=tely 800-1,0C0 cretos ner acre., The estinrted averare yield
for Feton County in 1940 was 1€5 crates per acre with veristions from 50-
70C crutes per acre. Lzcept Tor one or two Tields deomared by a hail storm,
tre reductiorn in yield weae nearly 211 ¢uve to pink root, rvrninz es hich
as 90 per cent in some irstences., Yhe diseese 1s even more prevslent ard
destructive in the Gun ilarsh &arez of allecsn County, one of tine oldest
end lrreect onion ~rovin~ sections in the stote.

Tauberhnus =nd wally (10), es eurly es 19:1, estimcted losses
in Texes fields from 05 per cent to &n occasionel comil~te croon failure
in badly diseased f'ields. lensen (4) noted in Cealifornis that where
onione ere srovn in the seme field for two or three sewsons the cron fre-

uently is so dirinished thst no etterint is mude to harvest it.

The disease is very wide svread. It Las been reuorted in
nearly all of the laree cormercisl onion wrowin: sections in tie United
Stetes, In eddition it ras been renorted from Rermuaz (4), Cansaa (6),

and south Lfrica (2). Lansen (4) isolated P. terrestris from cowpees,
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Lima beans, and 2otatoes. Thormberry and Anderson (1l) reported in-

fection of the small lateral roots of tomato with P, terrestris which re-

sulted in a2 stunted condition of the plants. In addition they cited some
unpublished informstion supplied to them by Dr. E. I. Melhus on the host
rance of the fungus. According to this report the following plsnts are
susceptible: barley, cane, cantaloupe, carrot, cauliflower, corn, cucumber,
millet, muskmelon, oats, pea, pepper, soybean, svinach, squash, tomato, and
wheat. This indicstes thzt the fungus is not confined to members of the
genus Allium end that care should be texen in the selection of plants to be

used in crop rotations on lands used for onion production.

Symptomatology

The first evidence of vink root infection in an onion plant is a
gradual loss of turgidity in thg older leaves. These leaves soon become soft
and flaceid, droop, and finally die back from the tips. Plants in the leter
stages of development are so weakened by the disease that they bend over
at the neck and appear to have reached meturity. If the infection is severe
de:zth may result to the whole plant. These symptoms ere similar to those
which result from drousht and other unfavorable conditions. An examina-
tion of the roots of infected plants reveals the presence of a pinkish dis-
coloration. In severe infections all, or nearly all, ot the roots rot off
or become so disintegruted that they wither and turn a deep red to purple
color. New roots are produced to revlace the dead ones. Roots receatly
infected are turgid but usually have a yellow or yellow-brown or even a
slizht pink color. The top symptoms are due to disintegration of infected
roots and the consequent impossibility of the few remaining roots to sup-

ply the srowing plaut with enough salts and water to meintain normsl



processes of development. The final result is that the aveileblie food
is exhausted in the production of new roots and bulbs of m=rketable

size are not produced.

PhriseihT INVESTIanTIONS

In testingz cormercial onion strains and hybrids for relztive
resistznce to disease it is exceedingly important to know the optimum
conditions for the growth and development or both the host and the patho-
gen. There sre certuin liiiits within which most orgunisms are capeble
of initieting end producing disease. These limits are determined by the
ability of the organism to tolerate verious envirommental factors among
which temperzture, moisture, and pH are very importunt. 2Zhoma terrestris
is strictly & soil inhabiting organism :nd the envirommental factors of
the greatest importance to it are those of the soil. Previous reports
(4, 10) have indicated that vink root is associated with high soil tem-
peratures, There are no data available to indicate the relation of soil
moisture to the infection of onion roots. Hansen (4) plented onion bulbs
in inoculated soil and grew them in constant temnperature chambers with
no illumination. He reported the grectest amount of infection et 25”2 c.
Field observations reveal that the diseacse does its grectest danage at
the time of rspid bulbing in Ausust. In Michigen the latter part of July
aud the first two or three weeks in ALugust zre generally Lot and dry.

It i3 then the funius does the grestest amount of damage.
In the present investigations the environmental factors influen-

cing the mycelial development of P, terrestris huve been studied. Con-

conitantly, the soil fzctors whkich influence the growth and deveslopment

of the onion wers sudied under controlled conditions in the greemnhouss,
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as were tuose which influence the development of the disease, The ob-
ject was to determine the relztionshiy of soil temperuture and soil

moisture to infection of onions by the pink root fun;us.

llatericls and Lethods

Soil Temperzture &nd Soil Moisture Studies

The soil temperature and soil moisture studies were msde through
the use of soil tanks, The tznks consisted of seversl individual water
baths each with & sepurate, thermostatically controlled hesting unit.
Fluctuations in temperature did not exceed ¥ 0.25°C.

The effects of widely fluctusating air temperatures were elimin-
ated by carrying on the experiments during the fell, winter, and early
spring. Artificiel lisht was provided durin~ the short days to lengthen
the day and so simulate the light conditions of the nzturcl growing sea-
50mn.

Dovning's Yellow Globe onion was used in &ll the experiments.
The onions were either grown in sterilized sand and transplanted to the
soil cans made especially for the soil tanks, or the seed was sown in
the cans and the seedlings thinned to the reguired number.

The moisture content of' the soil was maintained at & uniform
level throughout each experiment. This was done first by determining
the water-holding capacity of the soil (the amount of water the soil will
retain in opoposition to sravity when free drainsge is provided). The
soll was then divided into several portions, deyending upon the number
of seturation gradients to be used in the experiiient, and each portion
was adjusted to the desired imoisture content by either adding more water
or by air-drying. After the soil moisture was adjusted a weighed quan-

tity of soil was placed in esch ccn. Onion transplants were then set in



the cans and the soil covered with one inch of ground cork to prevent
undue surface evaporation. At regulur intervals ezch can vas restored

to 1its original weight by the addition of distilled water.

Environmentzl Relations
Influence of Hydrogen-ion Concentrution and Temperature on The

Growth of Phoma Terrestris

Hydrosen-ion Studies

Several synthetic agar media were tried out to determine the
ore best suited for growth studies in this experiment. Of the five syn-
thetic media selected for triels, rlliot's agar proved superior.

The fungus was grown at various teiperatures in incubators
where the temperature fluctuations did not exceed % 0.25° C. The temp-
er=tures renged from 109 to 349 C. By the use of the colorimetric meth-
od, the agur was adjusted to a pH of 4, 5, 6, 7, and 8 respectively,
There were four replicates for each pH end &t eachh temperuture., kecords
were tzken on the dieamster growth of the mycelia after the »lates had
been incubated 12 days.

fhoma terrestris grew well over a wide ranze of hydrogen-ion
concentrations, The optimum concentr.tion for growth was between pH 5
and pH 6. The growth at pH 4 and pH 8 wes slizhtly less than the optimum
at all temperatures. Similar resultx were obtained by Davis and hEenderson
(1), who found the optimum hydrogen-ion concentr=ztion for the growth of
P, terrestris to be from pH 5.4 to pli 5.8 with a wrowth range frow pH 3.8
to pH 7.6. This is well within the pH range of soil used for onion cul-

ture,



Temperature Studies

The influence of differential temperutures upon the growth of
P, terrestris was determined in experiments prior to tuose on the rela-
tion of so0il temperature to the infection of onion roots. The informa-
tion obtained from such studies does not indicste the actuzl soil temp-
eratures ot which the onion plant is susceptible, but it does indicate
those which may be significant.

Three kinds of media were used in this expveriment. They in-
ciuded cormmezl agar, potato-dextrose eger, and Elliot's egar. The
cgar was adjusted to pH 5.8 and exactly 30 cc. poured into each Llate.
The »nlates were inoculited by the sgar plug method with an isolete of
P, terrestris that had proved highly pesthogenie in previous pathogenicity
tests.

After remcining at room temper:zture for £4 hours the inoculated
plates were plzced in the incubators at 109, 14°, 18°, 200, 249, 269,
289, 209, and 220 C, Twelve plstes, four for each medium, were placed
in each incubetor. At the end of 10 deys the plates were renoved and
the averuge radical growth for esach medium determined for each tempera-
ture. Table 1 gives the average radial grovwth of the niycelia of P. ter-

reztris on ertificial media,



TsBLE 1, Growth of Phoma terrestris at various temperatures.,
Incubation period 11 days.

Average radial growth in mms. of 4 mycelia on:

Temp. © C.
Elliot's &g= Cormmezl =zgar Potato-dextrose

agar
10 2.5 2.5 2.0
14 8,0 9.0 9.0
18 16.0 15.9 15.90
<0 £0.9 2l.0 22,0
22 224D 25.0 26.0
a4 : 27,5 30.0 23.5
26 32.0 33.0 315
28 &3.0 35.0 33.0
30, 32,0 1.0 81,5
e 20.5 14.5 15.0

The meximum redisl enl-rgement ol mycelisz occurred et 28° C,
opr 8ll media. It will be noted that there wass a sharp decrezse in growth
at 220 C, epd thet the erowth was as good or even better at 18° C. than

at 3:° C. The growth of P. terrestris on cornmecl sgar is illustreted

in Plate I. In a previous experiment on prowth end pH where the renge
extenéed to 34° C. there wes no growth at 34° C. This emtebliskes the
meximum teinperature for this funcus betiecen 32% ¢nd 24° C. The ninimum
tempercture for growth was not determined, but -t 10° C. mycelial devel-
opment was practically stopped. The minimum temgerature cen then jlaced

slizhtly below 10° C. Hznsen (4) fournc that £6° C. wus thiz optinum
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temperzture for the growth of the Pfungzus, while Levis and Henderson

(1) obteired the best zrowtk at 23° C.

The Releotion of Soil Temperature cnd €oil Moisture to the Growth
Of Orion
Onions make the most rzoid growth wnd best develooment during
cool and mwist egasons,. Pink root dosz 2ot becons spzarent until the

plaats heve been expozed to the Lifh tenperitures of usid-swmer. To

H

aid in analyzing the drts on the raletion of soil tempertture and soil
moisturs to the disence, som= knovledse of the effects of these factors
upon the development of the host is desirsble., This information vas ob-
teined by growing tne 7lunts under controlled conditions in noninfested
soil.

In & preliminery expsrinent it wes found th:t 50 per cent sut-
uration wuer too ary and thet 85 per cent satur=tion of the so0il was too
wet for good omnion rrovth., Mouny of the plants ot 32° C. vere killed be-

cuse of the hieh soil temperature. The best root development took place
in soil h2ld st 18° C., but the plante did not bulb very well at this
temners tures In subseauent experinients tlese lovwer end higher soil tem-
per=turss znd soil moistures were eliminzted. Instezd the plents were
grovn in soil held at 20°, £29, 249, 2250, 289, ong 70° C., with moisture
contents of 60, 70, snd 80 ;cr cent of its woter-holding caopccity.

The mueck used in this ex erimant w:s obtoined frow un ounion
field pesr Kclamazoo, Michigan. Its texturs vus iwmproved by :zdding one
pert of sand to three psrts of muck. A1l the s0>il was thorouchly stezmed
and stored in & covered met:l drum for a moath before it wos used. Be-
fore the onions were recded a 2-12-12 fertilizcr (€CO 1lbs. per ccre) and
mengenese sulphste (200 1lbs, per acre) wer: thorou hly mixed with tke soil.

The results of tliis experiuent are given in Toble 2,
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T/BLE £, The relution of soil temyerzture =snd soil moisture to the
developmznt of onion., Ceed sown directly in cens, «nd plants
grovn for 63 dnys,.

Per cert Temp. Soil No. of plunts Iry wei bt of tops - gnis,
szturstion °C. m i
vlant
60 20 25 1,730 069
o8 6 1.449 .08
2 2 1.155 .085
2 28 1.073 .043
26 26 673 026
30 22 « 402 .018
70 20 25 2.066 .0N83
22 25 2.12 085
4 25 1.52 .061
£6 25 222 .001
28 Q . 208 .048
20 23 0.692 .030
80 20 b4 24580 «120
2o £5 Z.128 .0£e8
24 P 2.244 .090
26 2 1.478 .059
28 25 1.49 057
20 23 « 850 .037

The results of thi:z experiiient clearly show that soil tempera-
ture and soil moisture exert considerable influence on the top develop-
ment of onions. This is especinlly rnoticeable vhen a comporison is mede
of the aver:ze dry wei_hts of the toss per plant «s given in Teble Z,
The indicotions ere tiiet the lower soll moistures heve = tendency to
limit the 20il tempercturc r nge in which good onion growti takes place.
In the 60 per cent sztursted soil good growth took place only at 20° C.
£bove thies temperuture plint develouvment was retsarded comnsider:bly and
becenie progressively poorer &3 the soil temperestures increased. In the

70 per cent satur:ted soil srowth was zood ¢t 20° #nd £2° C., &nd not
p L Z ’
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until the soil temperttures rescled 04° C. were there cny indlZerstions of
crovth retsrdction. The best ton devolopnient took place in the S0 per
cent sstursted soil, 4t this moisture level the plants mode excellent
top provth ot soll temperatures of 209, 220, end £4°9 C.; but at £50 C,
there vas o definite decrease, The effects of tihese =0il tenmper tures
and soil moistures on the top develogsent of onions #re illustrited in
Plate IIT,

Root development wes better in the lower than in tke hicher
soil moistures. There was a progressive decrease in the extensivenes
of tihs root system frow the 60 to the 80 per cernt sstursted socil. 1In
the 60 «nd 70 per cent satursted soil the roots were well developed,
shovied snmuch secondrry brenching, znd had penetrated thirou:lhisut the soil.
Iun the 80 per cent satur~ted soil, on the other hund, root develonment
wes inhibited. TFree wmuter 1es present in l:irge enoush quantities to
preveunt soil aerstion. Becsuse of this the roots were not necrly so
well develop=d, showed very littlc ceedndsry brenching, and did not
penstrate very deeply into the coil. This, howev.r, did not r-t:rd the
developrient of tie plznt. It vas in the 80 per ceat satursted soil thut
the best top growth took place.

From 18-24° C., inclusive, soil moisturs sppnrently has more
influence or root development thun s0il tempercture. At these soil tem-
per«tures there was very little difference in the root cyctem of pleants
growing =t = coastant soil moisture level. sbove £4° C., however, soil
temparature s peared to hove #3 vuch effect nwpon root develooment ce soil
moisture, The root systems becsrne progressively poorer es the soil tem=

per-tures increzsed from £4° throuch 30° C.
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The plente initinted otulb develo mernt «t 211 soil temperztures
and 11 soil moistures, the poorest bulbing taking plece in the 60 per
cert 2nd the bent in the S0 per cent saturated soil. The difference be-
tween the veurious soil moistures, novever, was vory slizht for any soil
tewpersture. At s0il teapger-tures of 18° and 30° C., bulbir: wes very
poor &g coipored to thit ot other temper turesz. ~Lt 18° C. the srovtha
went into the developrent of 1oots inctend of bulbs. 4t J0° C. the

hiszh soil tenper-ture @lone prob=bly inhibited bulbing. Opti.aum bulbing

took place =t £20°, 229, sna 24° C. in tie 20 per cent saturated soil.

The Reletion of Soil Tenmpercture :nd Soil loizture to the Disease

Tke effects of s0il temger-tures =nd solil moisturcs were stud-
izd in conjunction in all experimcnts. This sppesred jurtificble since
these envirommentel factors =zre probably the rnost imcortant «s fir &s the
infection of susceptible orion roots ere ccncerned. It wes pozsible by
the use of soil turks to obtain informstion on the desree of inter=ction
between these environumentul f~ctors, in addition to studyin; the effects
of euch one separately. This ipter=ction between two closely associsted
enviromiontsl factors is likely to set up « set of conditions which may
be of considerasble importence in governing the degree of infection and
the rate at which the fun-sus will destroy the tissues ¢fter infection has
taken place,.

In =11 of the tests the everaze dry vei ht per plant vies used
a8 a basis for determinin. the amount of pink root infection. In pre-
liiinery tests it was obcerved thet the cmount of top development was
closely correlnted vith the desree of pink rocot infection. The grestest
crount of oink root inflection wes accoricnisd by the prectest amonunt of

stunting, considerction being taiken, of course, of the effect of these
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saire environmental feetors upon the develovment of the host. In zddi-
tion to the dry wei.lhit of the plupts, dute were obtmined on the extent
of infection, the muiber of plants xilled, the relative number of dis-
e~ced and kezlthy roots, zud other dot= which secined pertinent at the
time for drzwine snecific conelusions in the final anelysis.

3

Previous tests indicuted thct 26° C. was the optimum soil temo-
eriture for the developmant of pink root in neturslly infested soil. In
those tests there were no visible signs of infection =zt 18° C. and very
few at 20° and £2° C. Most of the slants =t 320 €. died from the effects
of s0il temperaturec:z alone, The [lants «rowins in the £0 end 60 per ce:t
setursted soils showed the lsast pink root infection, while those in the
70 end 8% per cent sctursted soils showed the grentest pink root infection.
The &0 per cent s-tur:ted soil, houever, was too ary for the croivth of
onions ernd the &5 per cent too wet for the developuent of & healthy root

system., Conse. uvently, in the experiments to be described tliese extrzi.es

of s0il tempcrature and soil moisture vere eliminated,

Infection of Onion Trsusplants in Neturnlly Infested Soil
The nuck used in this experiment was obtuined from an onion
field nenr Oranzeville, Hichirzp, in which pink root wss very destructive
in 1929, Its terturs wes iuproved by adding one t:2t of sznd to three
varts of infested soil. This soil wes divided into three lots, each of
vhich was odjusted to 60, 70, and 80 per cent of its weter-holding ccpec-
ity respectively. The soil tempersturss vere meinteoined ot ?OO, LT, 24T,
269, 289, ang 0% C. 4t the time of plinting « 0-9-18 Tertilizer (1000
1bs. per ccre) snd mergunese sulchzte (200 1lbs. per acres) vere adied to

the soil. The plants were harvested 47 dnys efter plenting. Table 3
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stors the effeet of soil tempercture =nd soil moi: ture uvon the deveolop-

mert of »irk root in these tr.csolonts sroving in nitursliy infested soil.

T+BLE &, The relition of soil temvercture wnd soil moicture to the de-
velorment of pirk root in onion tr:unspl=unts srowm 47 decys in nat-

urzlly infested soil.

% Coil los  Green ut. Dry vt. AVi. dry b
Scte Teamp. © Co Plzuts cof tops & of tors & of tous & bulbe
ot bulbs = gis. Douibs = 2ris. per plaunt - .
Toil
60 20 16 53,70 4,16 0.26
R le 8.97 4.30 0.30
2 16 91.¢0 .15 0.28
7€ 16 76.GE .19 0.32
28 16 75.20 5.39 0.74
0 16 79.42 0.63 0.2
70 20 1€ 21.0¢% 5.48 0,24
22 16 8277 5.6 0.35
24 16 €8.49 6449 0.40
<6 16 63.10 4,44 0.28
&8 o £20.81 S5.54 0.35
30 16 74,72 5.21 0.33

€0 20 1l¢ 76,90 4.97 0.71
ce 16 105.50 6.74 0,4«
24 16 110.70 6.97 C.44
6 16 70,01 E 0.30
28 16 100.55 6.59 0.41
20 16 09,04 6o 57 0.41

All the plunts in the 60 per ceat saturczted series showed =
very uniform grovth at all temper:-tures., At 20° C. there wus 531i.ht
infection and &t &ll the other temperutures tire »oits were moder.tely
infected. The togs slicuved die-back symptoms at ell temper tures. In
all prob:ohility this was due to the dry soil (-4 not directly due to

o)

pink root. There was slichtly more intrection =t 257 C. thon ¢t any other

ter percture.
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In the 70 Jear cent sctur.

ircreezed considersbly over the €0

0 Q@

rer cent ©

ericc, here 1t e no vieible

evicdence of infaction in the ryots zt 20° C., orly roderrte infection ¢t

709, 24°, end 20° C., but severe irnfection ot ¢€° cud 2<° C.

Tre plonts in the 20 ver cent satur tod soils vwers ot wg sev-
crely Cérnwged ¢t the loer tenier-tures zs were thoce in the other tuwo
series. £t £0° cnd 22° C. there vers no vieible si; s of infection in
the root system, ALY 240, SFO, -na =0° c. orly sli:bt infection vi~s not-

fcesble, but st 2€° C. the

C. shoved ty. icel die-bicx aymotona.

At 21l so0il .01 bures pink root devsloned mors ro_ic

rore sevare -t 260 C. thurn
of infeetion increused

s0il mointures,

infection wo

at ecny other £231il teunserctures Tha
v tris ternger-ture fro.. tle lower

In the €0 per cent sctur:ted soil severe

¢]

s severa, f£11 the . 1l:nts cbove D4

4

to the i, her

infecetion zy=-

. " 20 . . s
searcd to be restricted to £6° C., while ct the lover scil moisturce sev-

ere infection occurred over « wider rengs of temperutures,

Infection of Onions Seeded i

Tetur: 11y Infecsted Soil

The wotericls wnd 1:t.0ds used in this experinent were icdenti-

c¢=1l vith tlose used in studyin. the infecection of onion trinms luuvts

except

that the onionns were seeded direetly iu noturally irfested soil cnd <rown

for ¢ period of 69 dnys,

The rel-tion of soil temper-ture #nd soil mois-

ture to the infection of onions grown frow ceed i: naturclly infested [ink

root 301l is shown in Toble 4,

The results of this

[¢]

cute thot L6

jan
.
®

5e

plant irfection znd ind
tlie develounent

100 per cent of

of vink root in n=turclly inf

the onions were iniected ir the 70 per cent

exverinient corrobor: te those on onion trans-

C. is the optiiiun soll temperature for
sted soil. £t this terxperscture

satur: ted soil,
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snd more than 90 per cent were infected in the 80 per cernt seturatced
s0il. Imn contr:zst to this only 5€ to 60 per cent of the plznts were
infected at £4° C. 4t 24° end 23° C, the eversge dry weight per vlent
was from £5 to 45 per cert greater thun at 26° C.

A further examinztion of Table 4 reveuls the relative anount
of root infection. 4t 209 C, less than 6 per cent of the totel dry
welight of the roots via. disezsed, &t 22° C. less tien 8 per cent, and ezt
£2° C. less than § per cent. st £6°, 299, ana 30° C., bhowever, rore than
17 rer cent of thte roots were diseesed in the S0 per cent satursted =oil
ar.d rore then 22 prr cent in the 70 per cent seturcted soil.

The effTect of gink root irfection on onion roots is illustrcted
in Plate 2. This clesrly shows the reduced number of roots on the plants
grown ir soil maintcired at 26° zng £8° C.

In this experinernt infection was most severe in the plents
growing in the 70 per cent ssturited soil., In the grevious experiment
using onion tronsplants intection 2upeared to be sliktly nore severe
in the 80 per cent then in tre 70 per cent saturcted soil, slthough the
édifferences vere sli:ht, This was the only major difference in ths re-

<z

sults obtzined 1n this and the previous expseriment.

gy

Infection of Onion in Lrtific=lly Infested Soil
The muck used in thic experiment wes obteined from en epjparently
pirk root-frae onion field nezr Kalamezoo,Michiian. It wes stezmed S-10
hours and storcd for a month before it wss used. Oat cultures of a very

pathogenic isolate of P. terrestris were used for soil infestation and the

onicns were seceded directly in this soil. The plants viere horvested 68

days efter seedinge The results of this experinent cre given in Table 5.



B T e R




- 19 -

T:BLF 5, The relation of soil temper-ture znd soil moisture to the in-
fection of orions seeded directly in artifically infested soil and

grown for a period of €8 dsys,

Tenpe

oc ko, of pleants Aversge dry wt. of Per cent of
tops per plent - ans.  clents desd in
Infested DNozninfested Infested DNoninfested infested soil
soil soil soil soil
60 per cent seaturated soil
20 24 25 .033 069 0
b2 £3 26 039 .056 0
2 24 21 0356 .0E85 0
2€ 25 5 .017 043 12
28 26 26 .008 .026 38
20 16 22 008 ,018 50
70 per cent ssturzted soil
20 25 - 25 .086 .033 0
e £6 25 .079 .085 0
2 2 25 049 .061 0
26 b2 25 021 .051 12
2 3 25 .013 .048 35
30 24 23 .005 .0320 7%
80 per cent ssturated soil
20 23 24 103 120 0
2 25 25 .105 .0¢8 0
2 25 25 .076 .090 0
26 25 25 .22 .059 10
28 26 25 .014 .057 44
30 27 23 .000 037 100

The funsus was most destructive in soill held =t @0° C. it this
temverature the largest number of plsnts were killed by pirk root. At znd
below £24° C. there were no plents killed by the disease. At 26° C., 10-12
per cent of the vlants were destroyed by the fun.us; =t o8P C.y, 35=44 per

cent were killed; and at 20° C., 50 - 100 per cent were killed.
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The plants growirs in the 80 per cent saturcted soil were
more severely desmaged thzon those at 70 per cert, end the -larts &t 60
per cent saturition were the lecst damzged. Indicrtions were, hov.ever,
that the amount of soil moisture influenced the eriticel tempersture st
which infection hecame serious. In the 60 per cent satur-ted soil the
effects of the fungus were evident ir the plente crowing at 22° €. In the
70 ver cent ceturated ceries the effects did not become rzoticezsbl=s until
the soll temperatures reached £4° ¢, In the SO per cent szturcted series
the effects of the funzus infeetion did rot become evident until the soil
tenperature was 26° C. There were indicstions of infection st 4° C., but
tliese were very slizht as compared to those in the 70 per cent sstureted
series at this seme tenpersture. The effects of pink root infection were
visible 45 days cfter the onions were seeded =zt £1l1 soil temperatures above
24° C, It this tine all of theAplunts crowing in the soil neintained at
30° C. a2nd 80 per cent saturction had succumbed to the disease., The ef-
fects of these =0il moistures end soil teuperztures on the develovment of

the diseace sre clearly illustr=ted irn Plate IV,

TiBLE 6. Anslysis of veriznce of piik root infection in onions grevin et

soil temverztures of 240 and z8° ¢,

Source of varistion Degrees Sums of Mean F
of squeres square value
Freedomn
Between temperatures (T) 1 1.81 1.81 78.7*
Between infested =nd
norinfested soil (1) 1 1.51 Ll 65.6%
Between =o0il moistures (4%) 2 1.%9 0.70 21.6*
TxI 1 0.47 0.47 S0.4*
T x§ 2 0.59 0430 lz.e*
I x4 2 0.04 0.0=2 0.9
TxIx% 27 R o
Within 12 [ .25 0.023
Total 23 6.13

* Statisticelly significent at 5% level of F.
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Table 6 is an anclysis of vurience showing the significance of
the various factors which entered into this experiment. The cnalysis is
lirited to the #4° vnd 26° C. soil temperstures. These soil ter_ erstures
wsre used becnuse the experiments indiccted they vere the eritical teuwper-
atures for infection., This analysis showes therve is & significant differ-
ence between the results obtained «t the two soll temperstures. The dif-
fererices betvieen the plants growing in the infested and noninfested soils
ere also significant., The difference between th= infested and noninfested
soils st 26° C. was so grest that there is no doubt ebout its significance.
On the other h~nd, the difference betv.een tlLese two fectors was rot as great
et 24% C., but a test of sigrificance of the mesns wt this tenper:ture in-
dicceted thcat the difference in weighits of the plants is significant., In
otrer words, the fun:us does enoucl drage &t this termperzture to be im-
rortent.,

The snulysis e&lso shows tih~t the inter-ction between tle two

O ¢.) and between the infested ¢nd noninfestod

soil temperatures (£24° and 2o
s0il is significant., This is not true for the interaction bvetwecn the in-

fested and moninfested =so0il and the vsarious soil noistures.

DISCUSSICH
The results obtained in the experiments just described indicate
considernble difference in severity of infection of plents growins in
neturszlly infested coil and ertifically infested soil. In the neturslly
infested soil the plants were considerebly stunted in growth «t 260, 280,
#nd 30° C,; but there were no plents xilled directly by the furgus. On
the other hend, several plants were killed et these telerctures in the

crtificially iunfested soile It is jpossible that there would have been

some nortality at these tempcratures in the neturclly irfested soil had
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the experivient been continued for a longer period. This was evident
fron &n examinetion ol the root syctem. The roots on meny of the plznts
grown at a2 soil temperzture of 26° C. were conpletely disintegrzted at
the time the plzants were L rvested.

It is very difficult to find «n explsnetion for the differences
in optimum soil te.perztures for the infection of onicns in nuturclly
and artifieally infested scil. In stesred soil artificelly infested,the
optimun wus 30° C., and in natur:1ly iIrfested field soil it ves 26° c.

The stucdies on the relatiorn of tempersture to the growth of Phoma terres-

tris indicated that the differences in the growth rete of the nycelias of
the funcus were very sliznt et 26°, 22°, =nd 20° C, On two kinds of nedie
the aversge redisl zrowth was the same at 26° and #0° C. This would in-

diczte thst

]

plante srowing at soil temperatures of £6° and 20° C. should
be equelly susceptible to tlhe dicesse providins; other coréitions are the
seme., There wes, however, a difference in the prowth and development of
the onion &t these two soil temperztures. The avercige dry weigcht of the
oniomns growing in stecoried soil wus considerably less at 30% then st 26° C,
It is possible thut onion plants growings under tze irore unfavor:ble con-
c¢itions (ZOO C.) ere wore susceptible to pink root than those growinz under
conditions more frvor:ble for growth (£6° C.). If this is so, then 30° C.
would be the optimum soil temperature for the development of pink root in
onion, This was true for the plants growing in the artificelly infested
steamed soil. Th= results obtained in the npeturslly 1n:ested s0il do not
comply with this hypothesis. In thet cece the competition smon:; the soil
microorgsniens, which was prrceticzlly eliminated in the artificelly in-

fested soil by steaming, may heve besen capsble of limiting the zetivity

of P, _terrestris =t the righer soil terperctures.
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the expesriment been continued for & longer period. This was evicent
from en examinaztion ol the root syctem. The roots on meny of the plents
grown st 2 soil temper=zture of 26° C. were comnpletely disintegreted at
the time the plcnts were h- rvested.

It is very difficult to find &n ex_l:zneztion for the differences
in optimun soil te.perctures tor the intection of onions in nzturclly
&nd artifienlly infested scil., In stesmed soil artificelly infested,the
optimum was 30° C., and in ratur:1ly infested field soil it wes 269 C.

The stucies on the relatiorn of tempercture to the growth of Phoma terres-

Iris indicated thut the differences in the grovith rete of the nycelia of
the funzus were very slisit et 26°, £2°, =nd 20° C, On two kinds of nedie
the aversge redial growth was the same at 26° and %0° C. This would in-
diczte thet plentes srowing at soil temperatures of 26° and Z0° C. should
be equelly susceptible to the dicesse providing other cornditions are the
same., There was, however, & difference in the growth and developrent of
the onion &t these two soil temperztures. The avercge dry weisht of the
onions growing in stecried soil wus considerably less at 30° then et 26° C,
It is possible thut onion plants growiing under the iore unfavor:ble con-
Gitions (20° C.) ere wore susceptible to pink root tlian those growing under
conditions more fevoreble for growtk (26° C.). If this is so, then 30° C.
would be the optimum soil temperature for the development of pink root in
onion, This was true for the plants growing in the artificelly infested
steamed soil. Thz results obtained in the neturslly infosted soil do not
comply with this hypothesis. 1In thzt cece the competition emon: the soil
microorganiens, whieh was pr:cticelly eliminated in the artificelly in-
fested soil by steuming, may have bsen capesble of limiting the zetivity

of P, terrestris ¢t the ligber soil terpercturecs.




The effect of the fungsus on plant [ rowvth wes much rere evident
at the lower soil temperatures in the artificnily infested soil then in
the nzturally irfested soil. In the naturslly infested soil the effects
of the fungus vere not evident bolow 26° C., while in the artifically
infested soil tley were vicible =t 22° C. This noticesble effect =t the
lovier temper:turss in the artificully infested soil may be because of the

presence of P, terrestris in tle soil without & gre:t desl of competition

fror the soil microflore, the soil microflore havirng previously been re-
duced in number by thoroughly steamins the soil,

The effects of P, terrestric unon owdon development are summar-

ized in Figure 1, This chart shows zgrspbicslly the rvrelstion of soil tem=-
perature and soil moisture to the growth of onions in noninfested soil,
and also the relation of these factors to infection in zrtifically in-
fested soil. The one thing that is especially noticeable on this chart
is the sudden increase in the amount of pink root infection at £6° C.
This is further illustreted by a comparison of the plants shown in Plate
IIT and IV. These two plates are directly comparsble.

This sharp line of demarcation in the amount of pink root in-
fection at soil temperatures between 24° end 26° C. ean be partially ex-
plained on the busis of difierent optimwn tesmporstares for ths fungus and
for the liost. The onion plant srows well =t or below 24° C. It is hind-

ered in its develoyment by hijher soil temperztur=s. DPhona terrestris

made its best zrowth at 26°, 28°, and 30° €. (Plete I). Below 26° C.

its grovwth rate wess returded by the lower temperutures. The difference
between the optimum temperiiture for the growﬁh of the funzrus and the :ost
was from 6-8° C., devendiaz upon the soil conditions under which the plants

were grovinse. It is highly probable thzt onion plants psrowinz under favor-

able envirommental conditions &re less susceptible to disease than throse
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crowing under unfovorsble conditions. It wes shorm in the experinents

on environmentsl relstions thot P. terrsstris wes rore infectious when

growing under o.timwa conditions for its developgment then vhen prowing
under unfavoreble conditions. Therefore, = loriczl explunetion for this
phenomenon can be bezed on the intersction between twd different ontimum

temperaturas,

the relction of environment to the diseus thzt pink root does not be-
coma serious until the soil termperrtures zpproach 26° Cc. This would in-
dicnte that sirk root mey becoie epidenic in sny region where the ceusel
fungus is present in the soil, provided the soil terperstures have rewsined
favoreble for infection over en extended period. 1In Michigen this occurs
neerly every year hec=use hot, dry weather is exoerienced during the later
pert of July and the early nart of Ausust when the late onion crop is set-
tingz bulbs.

Th2 summer of 1940 was no exception. Pink root was epidemic in
the older onion growing areas and csused serious losses. At Kalarnazoo,
Miechizan, the mininun temperztures from July 13 to August 18 rérely fell
below 15.5° C., =nd the lowest maximum tempersture for eny dey during this
seme period was not below 26.6° C, Because of the unseasonzbly high tem=-
peratures, few onion fields infested with the pink root funuus esceped
injury from the disease.

The condition of two large adjncént fields necr Eaton Rapids,
illustrstes the seriousness of pizxk root during en epidemic yenr. The
fields were sinil=r except that pink root wes found in only one. Both
were =denuately fertilized., Ths fisld free from the diseuse wes still
green ¢t the end of the first week in September., it that tire the tops
were rolled down to hasten maturity of the plants, = comnon cormercial

proctices The bulbs were liérge cid were held firmly in the ground by
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& heclthy root system. 4t Lervest time tlhis field yielded wpproximutely
700 erates to the acre, znd il the onions hcd been cllowed to mature
natur«lly the yield would prob:bly heve bz n much greater., On the other
hand, the crop» on the diseased field bad ripened previcturely by the last
week in Lursust. The bulbs were smell snd it wes practicslly iziossible
to find & heelthy root on them. This field yielded approxisstely Z00
crates of onions to the scre, Figurin; tke velue of onions per crate

et $1.00, tlhe loss per =cre was at leact $200.00.

SUnaL 1Y

Lvidence has been presented to show that P, terrestris crows

well =2t temperatures from 26° to 30° C. with =n optimum at £8° C. The
naximun tempsrature wes between 75° wnd 34° C.y snd the minimun was

sli:htly below 10° C.

The r«di»1l zrowth of the nycelium of P, terrestris on culture

Y

plates was not rectly influenced by different hydro_en-ion conceatr--
tions. The funzus grew well witkin the r-nze of pE 4 &nd HH 8, with the
ovtinun between pH 5 and pH 6,

The Downing Yellow Globe onion mtde its best srowt:h and devel-
oprent «t snil temperztures fron 18° t5 £4° €. in 70 cnd SO ver cent
satur.ted soil.

Onion plants grown directly irox seed in nzturzlly infested
so0il developed pink root most repidly st 26° C, when the soil moisture
content weas maintained ¢t 70 per cent of its water-holding capacity.
Onioa transplants did not show @ comprrcble arwunt of infection until
the so0il moisture wes brousht us to €0 per ceut of its water-holding

caacity. In steizied soil infested with 2, terrestris tre optimum s0il
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temperature for infection of the ouion roots was #0° C., =nd the ontimum
goil moisture content wes wt S0 per cent of its water-holding cepacity.

Thie 1erked incresse in the smount of infection in plants jrow=-
ing st a soil temperzture of 26° C. cen be »perticlly excsleined on the busis

of different optimum tezperstures for the growth of the funius ard of the

The disease is likely to resch epidemic proportions in any field
where the fungus is alrecdy estibliched, if the soil termper:=tures spnrosch

o) N . . X
£26° C. =nd remain tlcre for un extended period of tine.
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2LiTE I.

The relatior of teuer-ture to the grovth of Zhoma t

o

errcstris,

Phorr terrestrie grown on cormnerl sg.r for 11 deys

£29, £4°, 8%, £.9, 0%, ena 750 €, The rexirzum gro

=t 109, 14°,

wth occurred
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PLLTE II.

The relation of soil temJercture and soil moisturs to the in-

fectlon of onion roots by P. terreatris.

The roots ere from plants srown from seed in nsturally infested
field soil for 69 days at 20°, o229, 24°, 069, 200, gnd 30° C. with mois-
ture contents of €0, 70, and <0 ner cent of its wster-holdin. ccneclity.
Each molisturs series shows ones root system from ezch of tle soll tenperi-
tures. HNote the reduced root systems -t 26° ¢ng 28° €. In this s21l tre

ortimuwa temperzture *5>r infection on onion roots was 26° C.
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JLLTC ITI,

The relution of soil tenper-ture znd soil moisture to the growth

and develorment of ths onion.

The plants were seeded directly in the soil c#n¢ and grovm for
88 G=ys. The soil wes thoroughly ste=zwed & ronth before uving end wes
well fertilived prior to seeding. Toe ilants were _rown at the sasme
Boll tergser:tures snd soil molstures ws described for Pléte II.  The
best growth occurred in the s0il meizntzired «t €0 per cent saturation

znd at temperstures from £0° - 24° C., inclusive.
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LLaTE IV,

The rel-tion of soil tenversture nd ssil moisture to the de=-

velopnent of pink root in onions grown in artificzlly infested soil.

The plant< were . rown C¢irectly irom seed in soil infested

with ot culturcs of o potliosenic isolate of P, terrestris. The Dlants

were grown under the sanre environmentzl couditions es those shown in
Plste III. The only difference betw=en the tvo sete is thet the soil
in one (2l:te III) wes not infested with tne fungus. Ileavy infection
occurrad =t soil temuer tures from 26° to Z0° C., inclusive, with the

heaviest infection wt Z0° C.
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