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INTRODUCTION

The fusarium wilt of tomatoes caused by Fuserium dulbigenum var.
Iycopersici {Brushi) Wr. and R., is probably the most important disease
of this crop in the United States. It oceurs in all the principal tomato-
growing sections and is often found in greenhouses. Even with the
widespread use of several wilt-tolerant tometo varleties, the losses
from fusarium wilt probably reacl: one to two million dollars each year.

Tusarium wilt ias been known for a long time, has been reported
from countries in many parts of the world, and needs little description
since it has been discussed and illustrated in numerous publications.
Piants affected by the disease suffer {rom a yellowing and wilting of
the foliage, which begins with the older leaves and eventyally results
in the denth of the plant. When the stems of disessed plants are cut
near the base, the water-conducting vessels show a brownish discolora-
tion, which is very characteristic of the disease. Although 1t may be
oceasionally carried on the seed, the organism is chiefly & soil inhabi-
tant. When plants are grown on infested soils, the fungus enters the
plant through the roots and grows up through the vascular elements.
The wilting that results from the fungus invasion is apperently due in
part to some toxie principle secreted by the fungus, and perhaps in
part to obstruction of the conducting tissues.

Tomato growers in some sections of the United States had, in the
pust, almost abandoned the erop unsil work by Federal and State
agencies vesulted in the development of varieties tolerant to the dis-
ense. The use of these varieties has been of the utmost value to the

1| Submitted for puhteation Moy 22, 1630,
168705 —A0- - =1 *
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tomaato industry, and in general they have shown s fairly high degree
of resistance. However, when grown in certain localities outside the
region in which they were produced, some wilt-resistant or tolerant
varietios oceasionsally huve appesred to be relatively suseeptible,
although the same stocks have shown satisfactory resistance when
tested in other regions under what appeared to be similsr environ-
mental conditions. Every eare has been exercised to meaintain the
hereditary resistince of these varieties, but the sugeestion is ocea-
sionally made that cortain varieties are losing this valusble character.
The purpose of this builetin is {o report on studies of differences found
in Fusarium bulbigenum var. lycopersici that might explain the diver-
gont results obteined with strains of wilt-tolerant tomatoes grown in
some localities. An abstract of some of the results of this work has
racently appeared (25).2

It is known that some of the species of FPusarium are particularly
cheracterized by varwbility in culture, and the works of White (263,
Leonign {10) and Haymuker (7, 8) have rlreadv dermonstrated this to
be true of the tomato-wilt organism. Preliminary studies by Well-
man {24} have confirmed these findings and it has seemed possible
that the variability of the organism in culture might be correlated
with differences in pathogenicity, & situation already suggested by
the somewhat limited experimentation along this line reported by
White and by Haymaker.

MATERIALS AND METHODS

For & number of years, the senior author has collected cultures of
Fusarium isoluted from wilt-diseatied tomato plants from various
regions of the United States, and in iddition several pathologists have
furnished cultures on request. From these, 127 cuﬁures originating
in about 35 localities have been re‘ained wholly without regard to
cultural appearance. For the presen? studies, 30 of the 127 1solates
were picked at random, except for 2 that were retained for historical
reasons {table 1).

A number of single-spore isoletions were made from each of the 30
cultures. After a week’s incubation on potato-dextrose ager, the
prevailing type of fungus colony was noted and one typical of the
group was nrbitrarily picked out, given s seleetion number, and the
related cultures were discarded. Thus each selection number desig-
nates a prdgeny of a distinct single-spore isolation from a separafe
isolate of a region. These numbers have been listed in table 1, with
appropriate data regarding description and origin of the Fusarium
selections they represent. The identity of the cultures dealt with in
this bulletin was {irst based on the fact that all came from stems of
tomato plants diseased with wilt, and that sll caused wilt on reinocu-
lation to romatces under controlled greenhouse conditions. Cultural
and microscopic studies on 29 of the selections also proved they were
Fusariwm bulbigenum var. lycopersici. This identification was further
supported for 19 of these selections that came from cultures, 1 or
more of which had been previously designated as the toniato Fusarium
wilt organism by one or snother of the following workers: L. J.
Alexander, Alice A. Bailey, W. Bohn, 8. H. Essary, L. L. Harter,
G. K. K. Link, W. 8. Porte, F. J. Pritchard, O. A, Reinking, C. D.

t Itatic numbers tn parentheses refer to Literature Cited, p. 27.
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Sherbaloff, Mirtam C. Strong, F. Van Haltern, H. W, Wollenweber,
and M. W. Woods. Isolations of widely variant forms were sent to
Reinking who cultured and studied them and determined that they
belongad under the Iyeopersici rank. As the work progressed,
microscopic studies were made of all the selections and compared with
the deseription of F. bulbigenum var. lycopersici, as given by Wollen-
weber and Reinking (27), and in addition, Reinking, on visiting this
lnboratory, examined all cultural material and notes and coneurred
witl: the opinion that 29 of the 30 seiections were definitely the com-
mon tomato usarium wilt organism. . One wilt organism was found
to be another species of Fusarvum.

TagLe L. —Culture selections af fomate fusarivm will isolations wsed lo study vari-
ation in growth chareclers and pathngenicity !

Seleetion ; Stute of From whoem Date of
‘-“:\}:‘"":‘f" arigin abtained Lsolator {sukatton Remarks
I Floridn. .. F, L. Welltun_ { F. L. Wellman | 1933 ..
g. gllzliriorinia‘. %‘;1:3' ]%oullntle. .| 8. B, Doolittle._ |
reloin . .B. Porle, ...
4 Oregon. . 5. P. Doollttle_.
5 Missour] W, Bohn . From Hohn's No. 7.
. Florlda, . F, L. Welliman. Reizolation of Mo, 1 feom
artifleially infectod

Banmy Dest,

8. 1. Doolittle. | F. 8, Beecher. ..
Bah W, Dohn . ...
P. A, Young,
H. W. Wollen-
wreher,

Frean Bohn's Na, 40,

Woltenweber’s “#500L, F,
{ycoprrsici {Sace.) Wr.

tomakn wilt,"
Florids . oL Wellmin [ VoL Wallman,
Wisconsin. 5. P. Duolittle. .* 8. P, Dooclittle..
Missonrk W. Bohn. ... ' C. WL Tucker_.| From Bohu's No, L1,
Genrgin F. Vau Haltern : F. Yan Haltern.
. Plorlda W5 Unrte .t P L. Wellman
14 Ohlp. . .. L, T Alexander | L. J. Alexander,
17 . Alictibgnn M.C. Bwrong. . | M. C.8 - -
18 g--. . do S D ' . . do -
3] Clah . Sherhakot? } H. 1., Blood. . AU,
o) Tentwss do .. . .. ] C.D.Bherbokolf | 1536 .
N iy I T o . ode L. 1946 .-
22 the N [ S do . o 1me
0 . Tindinnn. V. Wrleht, V. Wright .| 1037
24 Muoryland 1ML W, Woods . § ML W, Waads 1035
255, Indinnn A ¥oWriphe L) Vo Wright o ] 1936 From darkenpd vaseu-
lars in fruit from willed
plant.
26 .......| Allchigun oo FoWeiss. Lo G ML Coons.. . | Prior to | Cilitore used st Muodi-
124, son, Wis., in fusseiom
eaniorence. Bailey
No. 16§ F,
2 _....| Tennessee O, I 8herbakoff ] 8. H. Essnry. . .. Prig{u 1)
1914,
B Qregon. ... Ao e | WD Barss . .
% ... Creorgin. W, ). Moore FoL Welimun
30 Flortda G. D. Kedbert,_ -, o . Lol

' AN eulturs selecth os orkginnted from Iselativng [romn disensed tomato plunts. | X

? Eaeh cultural selvetion represents o single spore iselation progeny frem the original enltury tn the senior
author's colleetipn (p, 20, ,

3 Tiase 3 cultures were from tubes selected wi eandom feo the eollection of omatfo Fusuricm isolales.

1 Tnehaded specilfically beeavse of histarieal interest. Wollenweber on n visit to this leborutary told the
senfor author that culture 10, his 5001, wos an original fsolnte frop: Erwin F. Smith whe coltuced L many
yeurs befarc TH. i i

* Al eultures, with this exception, voere found to belong o the wilt Fradrigm, ¥, butbigeniem var.
yeopersici.

The 30 selections were studied in culture over & period of 11 months.
They were grown under Ipboratory conditions in parallel series, com-
aring charncters and variations on several different media, including
tquids, agars, and coolked plant tissues. The most obvious differ-
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ences studied consisted of mat character, rapidity of growth, color
developed, sclerotial formation, and spore produetion.

Three varieties of tomatoes were used for testing pathogenicity:
two of Imcopersicon esculentum Mill., namely, Bonny Best, wilt-
suseeptible, and Marglobe, wilt-tolerant under most fleld conditions;
and & strain of Red Currant ?® (L. pimpinellifolium Mill.) selected by
W. 8. Portec and known to be practicully immune from witt injury under
very severe field conditions. All plants were grown in steam-ster-
ilized soil and were approximately a month old before inoculation.
The method of incculation,with the definition of disease evaluations,
is described and discussed in detail in another paper (24). In brief the
inoculum consisted of a standardized water suspension of mycelial bits
and spores from fusarium mats grown in = liquid medium for 5 days.
Roots washed free from soil were dipped in the suspension and planted
immediately in freshly sterilized soil in benches and soil pans, kept at
about 26° C. by thermostatic control. Air temperatures wers kept as
near 28° as possible. After a period of about a week, which varied
from 5 tc 9 days depending upon intensity of sunlight and relative
humidity, plants were removed from the soil, observed, and dissected,
and each evalunted for intensity of disease sympioms.

Incrensing amounts of disease invasion and injury were designated
as follows: 0, no apparent infection; 1 and 2, first infeetion, browning
ol vessels in taproot; 3, 4, and 5, mild disease, infection confined
to base of plants; 6, 7, and 8, serious wilting, darkened vessels extend-
ing into main body of stem from base nearly to tip; 9 and 10, very
severe wilting; 15, dead at an early date, collapse of plant with
darkened vascular elements extending the full length of the stem.

YARIATIONS FOUND IN CULTURE TYPES

Cultural differences have been studied in the tomato wilt Fuserium
by other workers (7, 10, and 26). 1t was the aim of the present work
{1}, to study differences in virulence among Fusarium strains; and
(2}, to meale, if possible, groupings according to cultural types and
virulence. It was found that the cultures studied could be divided
into five general classes, based on macroscopic characters of so obvious
& nature that they could be grouped after the first series of eultural
studies had been mace. This easy grouping was developed incidental
to the preparation of cultures for the comparative pathogenicity studies.
Because this grouping proved such & conveniencein the conduet of the
entire study and is so closely correlated with the results on pathogen-
icity tests, its discussion here should furnisk the reader a convenient
point of orientation. In order to determine the range of variability
as well as the constaney of the cultural characters of the 30 Fusar-
wum selections used, a single-spore representative of each cne was grown
on many types of agar media.

Five different kinds of agar* were employed. There was consid-
erable variation in the success with which these agars could be used.

1 Seohs of taie stradn were supplied by W, B, ['erte. )

+ Potnlo-tdextrose apar: Polatoes cubaed, 500 gm.; witer, 1,000 ce., steamed 30 minuales, ltered through cot-
Lon, engugh water vde'ed 1o fitrate to make up to L0000 ce.  Dextrose, 20 gm.; apor, 20 2., added, steamerl ?
hour, put in ruhes or Qasks and sterilized 30 minules ot 15 popnds pressore.  Acidified potalo-dextrose agar:
Potato-dextrose agar was melted and 150 ¢e. of T-pereent Tactic actd selution was added just before the agar
wig poured into the Peiri dishes.  Prune agee: 200 g, dried prumes, water 1,000 ec,, sleamed 30 minntes,
Bitcred throueh cotton, cnough water addod to fitrate to make up to 1,800 ce.; 30 gm, sgar added, stowmed §
hour, put In flasks and sterilized 20 minutes at 15 pounds pressure.  Stareh sgar: Rice stareh, 10 gm.; ogor,

2 an,; water, 1,008 er.: sterilized 20 minutes at 15 pounds pressure.  Malt agar: Malt extroact, 25 gm.; sgar
0 gm.; water, 1,000 o} sterllized 20 minutes st I5 pounds pressare,
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On prune agar and malt ngar, all cultures tended to be markedly
appressed in growth character. On prune agar, colors ® were either
faint or aimost entirely lacking, while on malt agar the color of all
selections wes uniformby dark, ranging around dark mineral red and
deep purplish vinaceous. On starch agar, the mat characters were
practically all the same, with occasional minor varintions that were
not consistent. On acidified potato-dextrose agar, growth was some-
what inhibited in comparison with the same medium nonacidified. In
some cuses colors were sligh tly more brilliant on the acidified agar than
on the nonacid medium. However, no greatly significant changes in
setun! colors developed, nnd in some cultures the time for color appenr-
ance wus somcwiat delayed over that seen on nonacid agar.

The greatost differences in growth charnctors of Fugariumn selections
were observed on 14-duy-old growth on potato-dextrose agar (table 2},
Macroscopic examinations were made on 12 or more generations of
each of these isolates grown in comparable serics on potato-dextrose
agar in Petri dishes, under identicel conditions, dnring the same periods
of time,in diffused light on the laboratory table, and at room terapera-
ture that fluctuated betwoen 24° and 28° . About 10,000 caitures
were exswnined in connection with these studies.

Tanur 2.—~Muacrescopic growtht characiers of 30 culture selections of tomate wilt
Fusarinm t grouped aceording Lo culiure classes

[For deseriptions of colture groups ses pp. 6-8]
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"TABLE 2.—iWacrescopic growth characters of 30 culture seleclions of tomato will
Fusariuwm grouped according to culture classes—Continued

E Crecur-
Growth
Bolec | mynaof FProdue| Sporg- | "O0F° | gt
Clultore | tion or Lp:t Aerial Color tion of | dochin | % | room
groun | culttre rowth mycelium selere- | deval- Si; , tem-
Na. ¥ I tha oped !“’ para-
i salta- | S
H tian
} Ceati-
- meters
1| Intar- | Copese_,....| White and vinaeeous | . IR I 1
med]- nurple.
ate
rafsed. .
13 |...de..... Conarse mntb- | Viogeeous purple with 1. .0 | ... .. PO T4
iR..... . ted, ent- white or viunceous groy.
toqny.
[ (O T S Y« TR [RFUUN : [ SRR (R IR IS Tl
F I TR T TN SUREON [ TR i, L+ 1, Y
o3 ... doJ___.} Coprse cot- | Vionceous purple and 1.5
tony. whita.
26 |, .dol g do, e [ 1V S FPURIPI SO SRR 7.2
31 Tvter-| _ . oo R L S [ TR AR 7.4
madi-
ato ap-
pres-
sed.
16 [._.do.) __] Feltyioeot- | Visaceous purplebowhite .. ... | oo feeacetn 7.6
TA . ..o touy. and vinaceous laventar.
19|, dod ] Commpaet | Viorceous purpteor white 1. ... oo |-ceeeeas 7.5
felty. with rine of pale laven-
der violet.
o2 | _do__... Coarse cof- | Vinaceons purple nnd oo |oioeal feniaen .4
tony. white.
;3 I - SRR OSSP R | TP DR PP SR 7.4
i Ap;ni-es— Absent? ____ Vignoaous pasple . oeeevan R TR ¢ A
LN
gl doon|.---- {7+ TR P [T T I e - [&) 7.0
165 .80 oo |aeaa- do._..__ Vionaceous purple and | .. |...o .. ————— Th
Ao light bull. H
I R « T T do..... | Viongeous porple... . (oo oeoan 7.8
b R I T I, dot . Idght bufl to winmeeows | ... (..o 5] 8.1
purple.
97 |.. do.30 | Absent  to | Viemceous purple with | ... 7
contse ot white.
tony.
30 | Rauised_ .| Waonlly......| Medinm: dack vinaceous B S (A 4 87
drab or dark purple
drab with hand of now-
tral FTay.
Sclerotia: storm gray.
Diseolored ggar: maroon
25 | Inter- ! Abundant | Moroces red and white .| ... + o4+
madi- By oot with mottling of Mo-
| ate tony, roaco red,
§ rndsed.
1

3 Color nomenclaiuie according to Ridpway (1),

+ Averape dinmeter of 4 eolonies, 7 days old.

§ Saltation very infreqitent.

i With appressed tendency.

1 Oeensionally completel ¥ appressed.

* Tn a few casos very scanty hyphao of cobwebby appenranee growlng on surface of appressed mat.
1 With intermediate tendency.

The mscroscopic characters are given for ench Fusarium selection
in table 2. The range in mat character was [rom slimy and com-
pletely appressed to fluffy and quite raised aerial growth. It ap-
peared that practically all the gradations between these twe extremes
were present. There were, however, the five general, rather clear-cut
groups or types of cultures spoken of sbove (see fig. 1) and herewith
described:

Completely appressed, A: Mat slimy, appreseed o agnr, no fuffy aerial
myecelium, transiugent, forming & tough to moderately tough film over apar;
usually vinaceous purple but ranging from light vinaccous gray to sinte purpie,

sotnetimes light vinageous gray, light vinaceous drab, or light buff; abundant
production of mscrospores and micruspores on the slimy plonnotial surfree.
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Ficure 1.—Representative potato-dextrose agar cultures in Petri dishes (8.5 cin. inside diameter), of five types of Fusarium
bulbigenum var. lycopersici. A, Fully raised (R), most virulent; B, a, and B, b, raised sclerotial (RS), next in virulence. a,
Young culture showing sclerotial bodies; b, sclerotia less evident, buried in mycelium of older culture. (), Intermediate
raised (IR). D, Intermediate appressed (IA). Both intermediate cultures of intermediate virulence, IA less pathogenie
than IR. E, Completely appressed (A), least pathogenic. All grown at room temperature (24° C.) 14 days, except B,
b, which was 7 days old.
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Intermediate appressed, 14 Most of mat stimny, without aerial myeeiium, frans-
lucent, forming tough to moderately tough filn on agar, with only small amounts
of aerial mycelium, appearing as fibrilous cottony tufts, narrow cottony zonate
rings or patches or pulverulent areass; usually vinacecus purple but ranging in
color about the same ag the completely appressed culiures; raised growth white,
pale vinaceous lilac or ealmon; abundant production of macrespores and
microspores.

Intermediate raised, IR: Mat next to agar mostly a tough appressed flm,
ususlly covered with matted serial mycelium of coarse cottony, usually waber.
soaked, raised characier; raised growth white, light vineceous grey, or pale salinon,
undermat usuaily light vinaceous gray but with considerable range of color as
noted in the intermediste appressed class; abundant production of macrospores
and mierospores.

Raised sclerotial, RS: Undermst inconspicuous, mat mostly raised, woolly to
coarse woolly, fmglle, with sclerotialike clumps of mycelinm and cccasmnaﬂy
eporodoehia oceurring singly or in groups; raised mycelium white or with trace of
light vinacesus purple, sclerotizn cream color, sporodochin salmon, no cultures
with any purples; sectoring of striking nature common in this group; spores not
abundant except on sporodochia or in older cultures in which microspores sppear
on surface of woolly mat giving it s dusty or pulverulent gppearance.

Fully raised, R: Mat raised, felty or compact cottony with slightly reticulate
surface, margin always cottony; color, usually white with 1 or 2 em. ring of pale
lavender violet in central area of maf, scmetimes pale lavender violet or light vina-
ceous gray often with small areas of white; abundant production of microspores
on small pionnotial patehes developing on surfaec of cultures 3 or more weeks old,

There are, of course, deviations from the charscters described under
the classes defined sbove: Of the 30 selections, 2 {table 2) were so
markedly different from the othexr 28 that it was decided to treat
them separately. One of them, No. 30, which was of the common
tomato Fuserium wilt species, differed from all the rest in having a
very dark-colored mat that was usually & derk vinaceous drab or
derk purple drab with & wide central band of dark peutral gray. It
produced storm-gray sclerotie and developed a maroon discoloration
that diffused through the agar about the mycelium in the medium.
The other anomalous selection, No. 25, wes an isolate able to cause
& wilt of tomato, but was not the common tomato Fusarium species.
It produced a shmy appressed undermat with an sbundance of rapidly
growing, fufly, loose cottony, meriel myecelium. The undermat was
usually morocco red; the white serial growth had » characteristic
mottied sppearance caused by patches of salmon, cinnamon, primrose
vellow to etruscan red and begonia rose. This Fuserium grew about
twice as rapidly as any of the other 29 isolates of F. bulbigyenum var.
lycopersici, and the aerial hyphse filled all the air space between
agar and cover of the Petri dish within 5 days, wherens none of the
29 other selections developed neaxly that much’ aerial growth.

When grown on cocked rice’ ® the mat characters, with the exception
of color, were, in nearly every case, the same as those produced on
potato-dextrose agar. The colors were, however, more intense.
Those isolates that produced vinaceous purple on potato-dextrose
agar were livid brown or salmon on rice. Those which were white
on the agar produced vinaceous rose to begonia rose ou rice,

The character of growth of the isclates on certain cooked tissues,
potato plugs, carrot plugs, twigs of locust, cat kernels, wheat heads,
rve hesds, and fresh tomsato stems, was similar to that produced on
the potato-dextrose agar. It was possible to distinguish appressed,
raised, or intermediate types, or sclerotial development occurring on

* Unegated rice Eernels, by volume, 12 ce., water 37 ce.; woter poured in bgbiom of Petri dish, ries dis-

triluted avenly over hotton, covered aod plsced level in wutoclave, sterilived one-half hour at t5 pounds
presaure,  Hive Hasks and tubes were prepared using same proportions of grain to water,
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these mediz. Color, however, tended to be somewhat obsoured,
poorly developed, or even lacking in some cases.

Five liquid medin 7 were used in this study of growth charncters,
Al of the 30 selections were grown in all of these liquids, in parallel
serics under the laboratory conditions describod ou page 5. The
relative difforences in appressed and raised growth charsetorizing the
isolntes on ngar were compured in these media and in all cases they
were the same ns described for potato-dextrose agar. Mat develop-
ment, howevar, was poor in Brown’s medium and in the soil extract.
While matb dovelopment was fairly good in Richard’s liquid, no
colors were produced. 1 gonaral, the relative mmounts of fufly
norial mycelium wore somewhat less in liquids than on agar or other
solid medin. ‘The most distinetive differences were obiained in
Tochinai’s liquid. Color and mat characters developed clearly and
almost as wa]H in this fiquid ag on potato-dextrose agar.

OCCURRENCE OF SALTATIONS IN CULTURES

A common character of Fuserium cuitures is the spontaneous
oecurrence of srens, i otherwise apparently homogencous colonies,
thot soem to be distinetly different in character from the growth of
the original colony planted on the medium. These are most readily
observed on agar or in Yquid culture but are demonstrable to some
extent on cultures on plant tissues as well.  These areas are strikingly
notable #s sectors in un agar colouy, nlthough at tinies the sultations *
take other forms, such as aberrant strands of wiry, aerial mycelium;
water-sonked, oily spots of irrcgular shape toward the center of the
mat ; or an occasional fiuffy mound of raised growth.

Raltations generully oceurred in all classes of cultures of the tomato
Fusariwm, with what uppeared to be varying degrees of frequency.
Relatively speaking, the most stable forms were the so-called com-
pletely appressed (A) and fully raised (R) types. Saltation was
active in the intermediate-nppressod (LA) and ittermedinte-raised
(IR) cultures, but was most striking in appenrance and consistoncy of
accurrence in the so-called raised-selerotial (RSY cliss of Fusarium
cultures.

in completely appressed cultyres, visible saltations were often
absont for . number of cultural gencrations, At times, however, what
appeared us a fufly mound of myecelium would be produced which,
whon trangferred, resulted again in a sliny o ypressed mycelium
devisting, however, in some ways from the originu& uppressed culture.
In distinctly raised cultures, a fow sultations rcsultcr] thint woere of an
intormedinte-raised class.  Intermediate-appressed and intermedinte-
rnised types of cultures produced seetors of appressed or conrse fibrilose
or cottony growth, which upon transferring developed colonies tending
towarils the appressed and low intermedinte characters.

* Prown g seintion, Lilaeose, 2m | usporigin, 2 e telpotnsudu i phosplintn, 12 gL, tugshzin Heante,
.56 g water, L0 e, Leotw s solution: Prolessy peptune, & pm.; dibydrogen potasiam fitumplinta,
1 gin.; mygnedium witfato, m.: mallose, 2 gm.; snd wator, LU ve. Hichnrd's inodiod solutlon: Sucerose,
&) g pobsslung niteste, 11 g hydrogen potaasiim plngphinte, & g msgnesiui subfala, 2.0 pm;
water, 1,000 ce.  Suil-axtrnet solution: 10 gm. sirdry saody lonm o whirh lomaty Frsarfum oceursed
anturly, 1,000 ce. cold water, Broeantod clenr liguld after 34 hours, ndided wnter Lo make up 1o 10K ¢,
‘addod A0 gm, of meltowe.  Tochingd’s solution: Paptone, 10 g, wonopotaxsium phosplite, 0.5 goi.; ming-
ntlvtn sullite, 028 gm; rmudtose, 20 g3 water, 1,00 ce.

3 he exnet nattire of e [aetors pasing (hese \rlntions 1 <lill 8 mntler of conjeeture, 13 19 helleved (hiat
Lhe penern] Leriy saltution’™ or tagltnnt,'” a8 usel by Btevens (18}, s Dest to Ly o this eige where segregn.
tiong nre otrserved! Hhing miay by due te nutnbiogs, miclear fudlons, or even rom sotie evtolugleal phenpmoennn
Y yel unknow,

hTese 4 =2
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The raised-sclerotial elass of cultures appeared to be the most
unstable. Sectors often appeared in the otherwise even, raised, woolly
growth with its scattered clumps of sclerotial bodies. Growth in
these sevtors was, variously, more coarse and raised than the parent
met, more depressed with a water-sosked felly appearance, inter-
mediate appressed and raised, or completely appressed and slimy
with or without powdery serial growth. Transfgrs from all these
saltant types of growth ylelded appressed forms or forms intermediate
between the raised and completely appressed. In some culturss,
transfers were made from random portions of what appeared to be &
homogeneous mat, and intermediate snd appressed forms of the
Fusurium were cultured from these transfers. This sort of subcultur-
ing was done repeatedly, and in many cases variations were demon-
strated which had not been visible in the original mat from which
the transfers were made.

Intermediate types of saltants obtained from otherwise raised
cultures often continued to produce variant sectors, always apparently
of a more appressed sort than the mycelium from which they orig-
inated. In some cases by successive culturing and selection, com-
pletely appressed forms were derived from originally raised cultures,
once snitation was found to occur.

Some care is necessary in transferring appressed saltants, since in
certain cuses small sectors of the original raised parental type of
growth may still be present. This might give the impression that the
appressed transfers can produce saltants returning the culture fo its
originally raised condition. This, however, was not observed in
these studies. Once an appressed saltant is fully purified this more
appressed character seems to remein nearly constant with any
deviations tending toward a lower-growth type.

In these studies it was also found that great care must be exercised
in transferring inocula of raised forms lest the intermediate or ap-
pressed saltants be carried on as the sole representatives of the selec-
tions originally known to be more raised. The resulting danger of
erroneous interpretation of the behavior of successive cultures of some
of the more unstable types of the tomato Fusarium is obvious.

VARIATIONS IN PATHOGENICITY OF FUSARIUM SELECTIONS

DIFFERENCES AMONG FUSARIUM CULTURES

Gross observations have been made on differences in virulence of
cultures of the tomanto Fuserium in such work as that of White (28)
and Haymaker (7, 8). Previous note of such variaticn also was sug-
gested by Clayton (4). In the past, differences in extent of infection
or degree of injury in tomato by Fuserium could be indicated only as
rough approximations, because no suitable technique had been
developed for insuring comparability among tests or even among
reactions of different forms of Fusarium within a test. The methods
described on page ¢ were developed to reduee “error” to a level low
enough to justify considerstion of relatively small differences as
significant. _

Tt should be noted that the 30 Fusarium selections were grouped
sccording to culturnl characteristics incidentsl to preparations for
detormination of relative patbogenicity. The 5 basic groups were
defined above. Of the 28 selections used most in these studies, &
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were classified as completely appressed cultures, 5 as intermediate
appressed, 6 us intermediate raised, 7 as raised sclerotial, and 4 selec-
tlons « ere considered of the fully raised type of growth. )

Judging disease reactions on Bonny Best as a standard susceptible
host, marked zencral diffarences oceurred in severity of infection and
injury caused by inoculation with 28 Fusarium cultures of the various
deseribed culiure clusses.  Data weore taken on inoculated plants after
they had been grown about a weeck in sterilized soil held ot 26° C.
and at an air tetperature of around 28°.

In the first series of pathogenicity tests, all cultures designated s
reised had caused, except in a very few instances, the most, severe
and rapid disease developmont. This consisted of a darkening of all
vascular elements the f ul.g lenirth of the plant, and early wilting and col-
lapse of these plants. 'The most marked contrast with the raised group
was produced by cultures of the completely appressed type. Most
of the plants inoculated with these latter cultures were very mildly
diseased, although occasional plants were more severely affected.
The intermedinte-appressed and intermedinte-raised types of cultures
produced falrly consistent, mild disense symptoms that were in general
somewhat more serious than those produeed by the completely ap-
pressed cultures, and at the same time considerably less severe than
those caused by the [ully raised cultures. The so-colled raised-
scierotiol forms of Freserium wore generally of the more virulent soxt,
vol the disense effeets were erratic, varying from very mild to severe
anmong the seven seleetions in the group.

Such pathogenicity studies were repeated under the partly controlled
sreenhouse conditions 5 to 11 times, using all 30 selections, and results
waore obtained during 4 different seasons of n venr. 1In all these tests,
parallel series, iInoculated with the 28 selections in 5 different cultural
groups of Fusarium, showed group amtl selection differences iu disease
1:1t.ens';ty comparable to those noted in the first series just discussed
{fig. 2),

For u genoral comparison of the degrees of injury produced by each
of 28 isolntes of Fuserium, the averages of all individunl plant-disease
ovaluations oo three varieties of tomatoes inocylated with each selec-
tion were computed and are presenied in table 3 and figure 3. It
can be seen from these data that the average values for plant disease
reaction to the several Fuserium seloctions can be grouped roughly
nevording fo the 5 culture classes with the oxception of the ralsed-
selerotial group.  The table is so arranged that the culture group with
the most completely raised character of growth is listed at the top,
the group with most fully appressed character at the bottom, and the
intermediate types listed between in descending order, with regard to
appressed condition of the culture growth, Tl magnitudes of the
mean disease indexes of plant-disease evaluation for the groups ard
definitely larger, beginning with results from the most fully raised
group and decreasing successively through to the most completely
appressed.

It is of interest to livst consider in some detadl the disease indexes
for the dilferent culture groups from the most suseeptibiz and sensi-
tive tomato, Bonny Best.

The first group of cultures designated as fully raised produced an
average disense ovaluation of 10,39, tndicating s plant that would he
Tully wilted, beyond the stage from which it could recovor oven if
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Figuke 2.---Bonny Best toinato plants 6 days after inoeulation with cultures of
the fusarium-wilt organism, in sterilized soil held at 26° C., air temperaturs about
28°. A4, Inoculated with fully raised (R) culture; 8 plants of 10 dead, remnain-
ing 2 wilted on seventh day. B, Inoculated with intermediate raised (IR)
culture; 3 of 10 dead, 1 wilted, remaining 6 mild to serious infeetion on seventh
day. €, Inoculated with completely appressed (A) eulture; no plants dead or
wilted, all mildiy infecied on seventh day.




3.—Varialions in disease inlensity as represented by average plant disease evaluation (pathogenicily) caused by selections of tomato-wil
Fusarium

[For descriptions of culture groups, see pp. 6 -8}

Bonny Best Marglobe Red Currant

Selection Average patho- Average patho- Avernge patho-
Culture group or oul- genicity genicity ge{licit{y

ture No.{ Experi- Total evaluation Experi- Total evaluation Experi- Total evaluation
ments plants |-~ —-—wsemme—er—{ ments plants ments plants
Per so- Per Per se- Per Perse- |  Per
lection class lection class lection class

L1
151

Number | Number Number | Number Number
1 133 81 46

RS

C-RNTUY CRapay. 2
I
~ow¢$m

&

OSSO OOCSTR S

DL 00 D S =100 I D00 — R =0 =
OLVINOL NO ITIM WAIAVSAd

vim G35 00 S B o G380 D =) b D i

DD PO GO e 03 D bt 03 b == = DD DS DD SO DD DO ©3 DI 13 hS sbe bt NS 03 400

BEEEIISBSeIBRENE

R s e e b e T T

WA OO W N DU LIt B St e S e i fa NI e EN O

ES N GO A D 55w P00 00 N DG 00 N 06 6

RESEIERLS

I
=1
D bt S 00 w3 85




14 TBECHNICAL BULLETIN 705, U. $. BEPT. OF AGRICULTURE

environmental conditions were very favorable for rapid growth, with
darkened vessels extending from the roots of the plant to the apical
bud. A plant of this character in the field would be designated as
dying from wilt. :

The raised-sclerotial group of cultures produced an average disease
index of 8.67, which is very close to, although a shade higher than, the
average secured from the group of the intermediate-raised ecultures.
This figure, however, indicates only roughly *hz true state of disesse
production by individidual selections within the raised-sclerotial
group of cultures. At times many of these cultures were considerably
more vigorous in disease production than any infermediste-raised
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Ficure 3.—Diagram of average plant disease cvaluations (disease indexes) on
three tomato varieties, produced by individual fusarium-wilt eultures grouped
according to growth character in culture, in descending order of pathogenicity.
Note that with the exception of certain individual pathogenicities in the raised
sclerotial cultures, there is no “overlap” obtained from the cultural groups on
the more sensitive Bonny Best tomato variety. The same general trend of
pathegeniecity, one group with another, is seen in the Marglobe, and to 5 lesser
degree in the Red gurrant data. Compare with fable 3.

culture, and on $he other hand, some produced it times considerably
lower disease evaluations. The raised-sclerotial group was apparently
the most unstable, or atleast produced the most variable results among
successive tests.

The intermediate-raised grouy of cultures caused severe disease
resulting in average evaluation of 8.34, which may be characterized
by a plant having a few tip leaves heaithy, most of the lower leaves
and those on the main body of the stem shrivelled, dropped, or
chlorotic and wilted, and darkened vessels in the stem extending from
the roots to within a few nodes of the tip. In the field such a plant
would probably produce no marketable fruits, even when this degree
of damage is shown after fruit setiing.




FUSARIUM WILT ON TOMATO 15

The average disease evaluation produced by the intermediate
appressed group of cultures was 6.31, representing a plant less seriously
chseased than the last one mentioned. The lower leaves would be
dropped or wilted and chlorotic, and the stem would have darkened
vessels extending to about half way between the cotyledonary node
and the growing tip. It is believed that & vigorously growing plant
with fruit well set, und that is no more severely diseased than tlis
description indicates, will probebly produce ripe fruit in the field,
under favorable conditions, although yield would be somewhat
reduced with perhaps fruits of small size.

The mean disease evaluation resulting from the group of completely
appressed cultures was 4.69, representing n mildly affected plant with
the lowest leaves likely to be very slightly chlorotic, and with darkened
vessels in the root and base of the stem. Standing in the field such
2 plant would generally pass as henlthy. If this degree of infection
dig not become evident until after frurt sesting, there is probability
that it would bear a normal crop under favorable growth conditions.

A study of the data from the more wilt-tolerant Marglobe tomato
reveals that it indicated a considerable range of virtﬁence among
culture groups. It is significant that average disease evaluations for
the culture groups, although considerably lower than in Bonny Best
plants, occur again in the same regular descending order of severity,
ranging from the high produced by fully raised cultures to the low
produced by completely appressed cultures.

No practacally important degree of puthogenicity was demonstrable
for any of the 30 Fusarium selections on Red Currant tomato after
several tests. Major attention was therefore devoted to more thorough
studies with varieties of tomato that were more evidently susceptible
to Fusarium invasion and injury. For this reason the number of
plants involved in studies on Red Currant tomato were not so exten-
sive as with the other two varieties. The data show, however, that in
Red Currant the fully reised cultures of Fusarium produced more
disense symptoms than any of the other cultures, but even these
were very mild and of no practical importance.

It has been pointed out that in pathogenicity tests certain plants of
Bonny Best, Marglobe, and Red Currant appeared heslthy. Roots
and bases of stems of apparently healthy plants of all three varioties
were cultured to determine whether they were infected. Many such
reisolations were performed, and in every case if the apparently healthy
tissues were taken from points low enough in the true root region, the
pathogen was recovered. Moreover, this recovered organism, when
cultured further, invariably proved to be the same in every char-
acteristic as the culture that had been used originally for inoculum.
With obviously diseased plants the culture types could be reisolated
at will from the darkened tissues of stems or petioles of plants inocu-
lated with cultures of uny particular type.

Apparently, the healthy-appeering Bonny Best plants had become
invaded o little later than other plants in the same test, and the dis-
exse had not had time to produce symptoms. It should be borne in
mind that these tests were of short duration and a few more days
would have made a marked difference in the appearance of such
Bonny Best plants inoculated with a virulent form of wilt. The
Marglobe, howaver, showed some true tolerance and Red Currant was
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practically immune from damage, elthough the Fusarium could alweys
be isolated from their tissues in the root region.

TFable 4 and figures 4, 5, and 6 present distribution “curves’’ of per-
centages of plants in each disesse evaluation class for Bonny Best,
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Ficure 4.—dA, Frequeney distribution of pathogenicity (plant-disease) evalua-
tions on Bonny Best, as the result of attack after inoculation with eultures of
witt Fugariem of fully raised and completely appressed culture groups, com-
paved with the surve representing averages from all pathogenicity data from
the five groups of the pathopen; B, {requency distributions of pathogenicity
evaluations of raised-selerotinl, intermediate-raised, and intermediate-ap-
pressed culture groups, Compare with table 4.
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Fieurt 3.—, Frequeney distribution of pathogenicity {plant disease) evalua-
tiou on Marglobe, as the result of attack after inoculation with oultures of wilt
Fusarim of Tully raised and completsly appressed eulture groups, compared
with the eurve represcnting averuges from all pathogenieity data from the five
groups of the pathogen; B, frequency distributions of pathogenicity evalua-
tions of raised-selerotial, intermediate-raised, and intermediate-gppressed
culture groups. Compare with table 4.

Marglobe, and Red Currant tomato, resulting from inoculation by
the Fusariwm selections in the various groups, and also the averages
for all groups. The data show vonsistently that the raised groups are
more virglent than the appressed groups, and that this holds true
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regardless of the general level of disease injury suffered among the
three varieties.

The completely appressed and intermediate-appressed cultures,
which are also perhaps the most stable in appearance of growth in
culture, show the Jeast varintion among their pathogenicity-index
distributions.

The greatest variations occur in the frequency distributions from the
datn from intermediate-raised and raised-sclerotial forms of cultures.
These groups, it should be observed, were the ones in which the cultures
were found to be most liable to saltations. It has been stated that the
cultures in the fully raised group were about as stable as the cultures
in the completely appressed group; ficure 3 indicates a comparable
constancy in pathogenieity.
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Figere G. .1, Frequeney distributioun of pathogenicity (plant disease) cvalun-
tions on Red Curiant, as the result of atfack after inoeulation with eultures of
wilt Fusarium of fully raised and eompletely appressed culture groups, com-
pared with the cwive representing averages from all pathogenicity datu from
the five groups of the pathogen; B, frequeney distribution of pathogenicity
ovaluations of raised-scelerotinl, intermedinte-raised, and intermediatce-ap-
pressed culture groups.  Cowpare with table 4.

On account of the relntively small numbers of plants studied and
with the fine distinctions between the rather numerous—12-patho-
genicity classes, irregularities in the general trends are unavoidable.
With much greater numbers of plants or o smaller nutaber of classes,
these irreguluritics would be less marked. However, the main fea-
tures ol the differences in pathogenieity as correlated with culture
types are evident, and except for greater perfection of detail, more
extensive experimentation with these 28 selections would not materi-
ally alter these results.

The Bonny Boest data will be considered in greatest detail because
this variety 1s the one most sensitive to infection and best shows difter-
ences among the milder disease-producing cultures, Figure 4, 4,




TaBLE 4. - Averages of plant-disease evaluations on different lomalo varieiies arranged according to frequency of occurrence in each evaluation class
under the five groups of cultures of Fusarium wilt relaled according to varying macroscopic growth characleristics

[For definitions of paihogenicity evaluation, ectp. 4; for deseriptions of culture groups, see pp. 6-8)

Plant disease evaluations ! on—

Disease (patho- ' o - ] ’
gexlﬂri{,i\') : Bonny Best (2,620 plants) Marglobe (1,671 plants) Red Currant (729 plants)
evaluation e e e .

1

: ! 1 { i
m 3, R Average A IR | RS © R ! Average IA IR Average

i i

o010, . 1,250 0.00 ) 2,29
X B Lo X 51 9060 101
B 1.4 . , , 2, 1531 1 572
; : 25.31 | 18,57
{ 15.00  18.33
; 1g.4.';
97 110, 1. BT
9161 0. . 00| 2 . T10.00
+
i
t

67.44 X : 50,26
10.38 | 2 . 21,80
11,62 % . 14. 48
.78 5.4y
1.46
.18

.36
.00

=BE

28833232813

222288228242

37

11,56 3 . 80 3 . 4.92
8.37 11,82 2. 4.05
11. 55 2115 2, . . 4.52
2272 35,909 . it 12,38

222822

=

YExpressed as percentages of plants inoculated with cultures within the group.

TEATINOTEDY A0 "TdIA 'S 1 ‘g0l NITATIOG TVOINHONL

8T




FUSARIUM WILT O¥ TOMATO 19

shows the merked difference in disease produced on Bonny Best by the
completely appressed cultures and by cultures of the fully raised typs.
Of all the plants of Bonny Best inoculated with Fusarium selections of
completely appressed cultural type, less than 10 percent were severely
infected. Some of the remaining plants were somewhat seriously
diseased, but the majority of the plants were comparatively mildly
affected. Of all the Bonny Best plants inoculated with selections of
fully reised types of Fusarium, only about 13 percent showed mild
injury, while all the rest were seriously and severely diseassd, and a
targe percent of them killed. A few days’ delay in recording results
would have found them all dead. The curves for the raised and the
gppressed cultures both show radical departures from the average
evaluations produced by all the five culture classes.

The distribation curves in figure 4, B, show that the pathogenieity
of the intermwdinte classes of cultures is intermediate between the
appressed and the raised groups, and that the results produced by
cultures of intermedinte type lie in fairly close proximity to the aver-
age of all evaluntions for all five culture classes. The distribution of
disease severity produced by all cultures of the raised-sclerotial class
tends to be similar to that produced by the fully raised group of cul-
tures, although the percentages of plants in the severely diseased class
produced by raised-sclerotial cultures is considerably less than that
resulting from culfures of the fully raised group.

On examination of the distributions of disease evaluations on Mar-
globe (fig. 5), and on Red Currant (fig. 6), 1t will be seen that in these
varieties also there is the least virulence in completely appressed cul-
tures; & medium virnlencein intermediate-approssed and intermediate-
raised types of cultures, with the latter somewhat more pathogenic than
the former; a severe disease effect in the raised-sclerotial forms; and the
most consistent and greatest virulence exhibited by the fully raised
culture types. In no case, however, was Red Cwrant damaged by
any of the cultures to more than & very mild degree.

DIFFERENCES AMONG HOSTS

Figure 7 represents distribution curves of compurable average dis-
ease occurrence it Bonny Best, Marglobe, and Red Currant varieties
of tomato and is based on the percentages of plants occurring in the
different clisease evaluation classes from the pathogenicity data of all
the five culture types of Fusarium. (See table 4.) In Bonny Best,
the most susceptible variety, the largest propertion of plants fall in
the seriously and very severely diseased classes. In Marglobe, a more
wilt-tolerant variety, the tolerance is clemly noted in the large per-
centage of plants in the slightly infected and mildly diseased classes,
In Red Currant, a highly resistant variety, neatly all plants fall under
the classification of apparently heulthy or only very slightly diseased.
Only a few plants of Red Currant were observed having even a mildly
diseased condition, and their numbers were so low that they could be
considered of no great importanee. The very marked differences in
disense reactions of these bhree tomato varieties were without any
doubt due to hereditary differences in resistance or tolerance to the
Fusarium wilt organism.

It should be remembered that the dats from which these graphs
have been constructed came from plant populations that were very
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[Frovre 7.---Average frequency distribution of all pathogenicily (plant disease)
evaluation data from disease produced from Fusarium wilt inoeulations of all

the culturea in all the five culture groups on Bonny Best (susceptible), Marglobe

(tolerant), and RHed Currant (rosistant) tomato varieties. (Compare with
table 4.)
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heavily inoculated and grown for 5 to 9 days under ideal conditions
for infection and progress uf the disease (p. 4}. In the field, fortun-
ately, such favorable conditions for disease development ars seldom,
if ever, encountered because plants are further developed when
planted, less inoculum is in the soil, the mierobiological balance of
the soil has not been disturbed by sterilization, and temperature
end moisture are markedly variable.

TESTS OF S1GNIFICANCE

In order to determine the significance of differences in relative
pathogenicity exhibited by the several selections am groups of selec-
tions of Fusariuwm, [requency distributions of percentages of plants in
the severu! disease evaluntion classes were subjected to the chi-square
test. Differences mmong culture groups were tested by using the
-mean distribution of all groups as the theoretical or calculated value.
Certain rather similar pairs of groups were tested, and chi-square
values were also determined for the several selections within a group
of cultures to test the uniformity of the behavior of the group. Cal-
culations were first macde using data from the 12 disease evaluation
classes as originally secured. The sums were obtained for each class
from compurable experimental series and from sll of the separate
culture selections in the 5 growth-character groups. Tt was found in
these preliminary caleulations that 12 elasses were too many to give
dependable frequency distribulions, even with the data of cultures
that were known through previous observations to be remarkably
similer. For this reason the 12 original evaluation classes were
combined into 4 classes as follows: Cluss 1, apparently hesithy and
very mild disense. 0 to 2; class 2, mild disease, 3 to 5; class 3, serious
disease, § to 8; cluss 4, very severe disease and death, 9 to 15,

Duauta from all of the cultures making up the five groups were
employed. The results, from which chi-square analyses were made,
were [rom series of experiments in which approximately the same
numbers of plants occurred, and whieh had been handled comparably
in all ways, including dates of experiments. The numbers of plants
from which dats were secured varied slightly in the experiments as a
result of unavoidable or unnoticed injuries to plants at inoculntion and
trunsplanting time, the occastonal death of plants from water-borne
dumping-off fungl and insect damage during seasons when greenhouse
ventilators were necessarily open. Because of these irregularities the
original date were converted to percentages. For varlous reasons
some cultures were used in pathogenicity sbudies more often than
others, and the physical limitations of experimental procedures and
space [or the growing of sufficient plants for testing all cultures
resulted in msjor variations in populations that were eliminated
from consideration in these chi-square tests.

Table 5 shows the percentages of plants falling in ench of four
pathogenicity clusses, the mean pathogenicity index, and the chi-
square values for each of five cultural groups used to inoculate Bonny
Best and Marglobe tomato. Upon Bonny Best the raised-sclerotial
and fully raised groups and she completely appressed group produced
results that deviated very significantly {rom the mean results of all
eroups. When inoculated on Marglobe, all groups except the inter-
mediate raised produced results significuntly different from the mean
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of oll five groups. The departures of the fully raised and fully
appressed groups showed very high significance, while the others
mentioned were near the 5-percent and 1-percent points, The
differences in effects produced on the two varieties by the several
groups of fusaria were also very highly significant (chi square 49.1;
1-percent point, 11.3}.

TaBLE 5.—Mean pathogenicity effects preduced by different cultural groups of
Fusarium upon susceptible Bonny Best and wilt-lolerant Marglobe tomato varie-
ties !

[For deseriptions of culture groups, see pp. 0-8; for defnitions of pathegenicity evaluation class, see p. 21]
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' Chi-aquers vaiues enleulsied on distributivn of pereentages of plants in 4 elasses of pathogenicity index
values; see D. 21.

In Marglobe the chi squure of intermediate-raised and raised-
selerotial groups were fairly close together. Data from these two
were tested one against the other resulting in a chi square of 106.8
(1-percent point 13.3). In Bonuy Best intermediate-appressed and
intermediate-raised gave chi squares of nearly the same size. Data
from these two groups on Bonny Best were also tested one against the
othier, which gave a chi square of 27.9 (1-percent point 11.3). Bince
both of these chi squares are sa significant, they give further proof of
the fundamental difference between the less obviously diverse inter-
mediate-appressed, intermediate-raised, and raised-sclerotial cultures.
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PATHOGENICITY OF SALTANTS

Saltation has already been «-seribed in cultures of Fuserium selec-
tions (p. 8). 1t was in some o. the unstable cultwres in which salta-
tions occurred most frequently and with the greatest variation from
the original type that marked variation in virulence oceurred. 1%
remained then to determine whether saltants of intermediate or
uppressed types occurring mn otherwise raised ocultures differed in
virulence from the cultures of their origin. It should be recslled in
this connection that in the cultural studies of mat sectors and other
saltation areas, no raised oberrant growths were ever encouatered
that, upon transfer and reculturing, were more raised in growth char-
acteristics than the original cultures from which they were derived.

A number of cultures on potato-destrose agar, which had obvious
sectors or othier saltation arveas, were used in these studies. In some
cases apparently homogeneous cultures were used that had a previous

history of producing plentiful saltations. Transfers were made of
saltants and original colony types and, in some cases, random portions
of apparently homogeneous known saltant-producing cultures were
recultured to observe whether saltants had occurred but escaped
visual detection. After observations on such subeultures and record-
ing of their growth characters, transfers were made from these varying
subcultures to Tochinal's liquid medium and the resulting growth
used as inoculum in exactly the same manner as in the previously
described pathogenicity studies {p. 4). In addition, the patho-
genicity of several spontaneous saltations, not recultured, arising
direetly in liquid medium was also studied.

The results of these studies are presented in table 6. From these
data three points ure evident: (1) Saltants of the kind found in these
cultures were never more pathogenic than the original cultures and
often much less virulent; (2} two cultural types of saltants often
originating "from the same souree differed considerably in patho-
genicity, the completely appressed types being less virulent than the
intermediate types; (3) saltations, when they arose spontaneously in
flasks of cultures used for inoculun:, apparently caused a marked
reduction in pathogenicity of the entire culture when compared with
the homogeneous culture front which they originated,

Since the means shown in tuble 8 were based on sinsall numbers of

lants, most of their standard errors ure relatively high, Neverthe-
ess, many rather striking differcuces are evident, especially between
the ratsed cultures showing no saltation and the appressed saltants
derived therefrom. Compurisons should be made among cultures
only within & single culture number, because many of the pathogenicity
tests between culture nwmbers were made at different times.

DISCUSSION

The greatest importance of the results reported in this bulletin is
the emphasis they place upon aecurate knowledge of the type of the
wilt organism used n breeding or selecting for Fuswrium resistance in
tomatoes. The Marglobe and practically all other so-called wilt-re-
sistant varieties that belong in this class were markedly resistant to
cultures of completely appressed, intermediate-sppressed, and inter-
mediate-raised type. vet when exposed to fully raised and nonsaltant
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TasLe 6.—Pathogenic differences noted in sallations of Fusariwm bulbigenuw var,
tycopersici, as obtained from everage plani-disease evaluation on 10 plants inocu-

lated with cultures of saltnts corpared with nonvariant eultures of original selec-
ftamy

f Averure ! dlsoase
Seii:;:t!on Saltent evaloation on hosts
Typeof study cuitruru usad Qrowth eharacter of {nocubus _ -
T 1
No. Boony Bestp Margiote
Nepa . Raised seloretial. .o L., 10, 3220, 54 | 5 90,62
3 8 . .jluwrmediate raised. . oooe..e.oo. ] BL3EL.3Y [ 8,22 .68
: bB. .. .. Appressed. ... .. L__... m———- Tkl | 4.3 .50
Y D - T . 504 &4 | 4.0 .37
Moo Rolsed sclorotlal .. - oL - | ¥ Sk .78 T4k .37
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b . Appressed. e e womeoone] BB AD | B8 V3T
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Nono.. | Raised selovotind . ..., .. . B0 07 | TV
8 B.._... Iotermediote.. .. . . ... __. o] B M) ek
1!» Complotely sppressed. . 51 .07 | 4.
None Ralsed selevatial. . ... . ... . D7 .M
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I DU IR . | T I T T k|
i {Nunu ..... L1+ O o 3|91 % P [
’ 1] L T VP L 28
3 None Iutennedinte appressed _... . . . 4 43 45
- AT Conipletely appressed . . .. | . 4.0 56
t[None Ralsed selergbinl. .~ . LA L84
= .. Sinall ralsed portion, rest intermediste | 4. 131809
4 i rufsed.
L Smll raised portion, rest cotplotely | 6.6+ .03
Il . appressed.
Saltunts oocurriay 4 {Nune Completely nppressed. . . R ECE |
spontstiecusiv in { . o de L .o . 3.6k 4B 1.
mials used as in- None Ritisert selerobinl... .. . . 3.6+ .76
owitium withaut 1}, 8 Intertediate ralsed. . - 6.0k A1
recultoring amd b Appressed witin Secks of intermedinte | 4. 8+ .88
purilieation. H growth,
i {None Intermedinie raised. . . . 1 B, Ol
a_ Intsrmediate apprassed | | &85
15 [Note . | Complotely sppressed . . L2+ 18
: s . do . 104 .00 |,
Nune Ralsed seleroling . B R TR E vy
18 ] Raisedl with stoall intermedizto sector 1L 231,08
1 b Appressed with Intermedinte snctars 9. 64 .31
1[ug {:\'one Rawed selerotied . . 212,657 (35,84 .27
= ] Raiied with lurge appressed resion (B2 .32 hnad 3

! For deselption ¢ origival culiurs typo designnaled by numbers shown, soe tuble 2.
! Mean topether with stundard arrar of moan.

I Ieguits from 2 plants,

* Results from § plants.

cultures of the raised-sclerotial type they showed serious injury and
severe wilt.

The susceptible tomato, Bonuy Best, on the other hand, was more
or less seriously diseased, when inoculated, by all types of the wilt
Fusarium.  When infected by the completely appressed type, it gave
evidence of the least rapid Injury, amounting to what would almost
appear as cccasionusl resistance if the virulence of the Fusgrium cultures
were not known,

When the resistant Red Currant was inoculated, it did not suceymb
to any serious or severe disease even when the most virulent types of
cultures were used for the tests. This plant was invariably infeeted
by the organism regardiess of virulence in the enliures, but its sue-
eesslul inhibition of serious subsequent injury demonstrated that true
resistance is readily detectable in sueh studies as these reported herein.
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Tomato varieties can be selected under field conditions and prove
highly resistunt to the particular Fusarium type occurring where the
selections were made. Yet, when these varieties are sent to another
locality large numbers of the plants may be severely wilted. The
studies described herein indicate that this difference in susceptibility
may occur because more virulent forms of the pathogen attack plants
that were selected originally to resist less virulent organisms.

I¢ ts of interest to note in this connection that m 1921 Edgerton
and Moreland (6) reported the cultures thoy isolated from wilted
tomatoes to be of two types, one of which they considered to be the
“iypical’” organism with abundant light-colored aerial mycelium and
the other which they described as a low-growing, deeply co?'ored species
that they thought to be another organism and hence discarded.
Edgerton’s subsequent selections of wilt-resistant tomatoes for
Louisiana were based on the use of soll inoculated with the “typical”
tomnto Fusarium cultures. 1t is to be observed that, as Boswell (2)
has pointed out. one tomato variety selected by Edgerton has been
known as generally the most wilt-resistant commercial variety avail-
able and has entered into the parentage of many other resistant
variaties now on the market. .

It would seem to behoove the plant pathologists and the geneticists,
when working to develop wilt-resistant tomato varieties thet can be
grown under the most severe conditions, to insure that these varieties
are subjected to the most virulent types of the common tomato
Fusarium.

It appears thas in some crops the variability of the Fuserium species
involved is not so important with regurd to the disease-resistance
problem. One example of this may be seen in the several resistant
cabbage varieties produced by J. C. Walker and his coworkers. These
appear resistant wherever grown. The work of Blank () has shown
that no great variations in virulenee were involved in the Fusaerium
in guestion.

The practical effects of Fuserium variations have, however, been
pointed out ns a possibility in 8 few instances. For example, in the
work of Nelson et al. {J1) definite proof is given that, in the Fusarium
infection of celery, differences in the organism are of importance in
relation to the control problem.

Tt is notable that a wide range of crops is affected by Fusarium
diseases, and the selection of disease-resistany varieties has been a
profitable line of endeavor. There are. of course, other types of
problems involved in the study of Fusarium diseases, such as dispersal
of the organisms, infection and growth of the pathogen in the plant,
distribution in the soll, different methods of control than disease
resistance. host-range studies, and other matters (e. g. Jones and Gil-
man {9, Walker and Wellman (21), Pritchard (74), Porte {13), Well-
man {23). Seott (17), Wade (20). Orton (12), Fahmy (6), Tisdsale {19).
Brandes (3). Wardlaw (22), and Reinking and Manns (75)}. Yet in
the majority of all such problemns it is apparent that the investigators
have not considered the variability of the organism to be of practical
importance. Even in the case of the purely descriptive mycological
phases of the Fuserium problem, at least in some instances, the range
of variability of the organisms should be more fully investigated. Some
workers have found such great instability in some species of Fusaria
that eritics heve arisen to doubt certain generic and specifie rankings
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erected and defined by the taxononiists. It is believed that a fuller
study and description of the variations o be expected in the species
or subspecies will eventually clarify these points.

In conclusion, one matter of major importance deserves special
mention. One of the cultures (see No. 25 in tables 1 and 2) of the 30
that were picked at random frem a wilt-producing population was
found to be a species other than Fusarium bulbigenum var. lycopersici.
On using this organism for inoculation of Bonny Best, Marglobe, and
Red Currant tomatoes, it attacked and caused severe wilting in a
few plants of both Bonny Best and Marglobe, Moreover, the wilt
symptoms produced were indistinguishable from those caused by the
common wilt Fugeriym. It appears from this experience that other
species of Fusgrium may enter into the tomato.wilt problem, This
rerﬁlires serious attention, as every new pathogenic species is poten-
tially able to cause disease in tomato varieties that are otherwise
developed for resistance to the Fusarium most commonly met. A
new wilt-producing species may spread in the tomsto-growing areas.
Should this happen it may require the development of different new
wilt-disease-resistant varieties,

SUMMARY

Studies were made oz 30 random cultures from diverse regions of the
United States. All produced tomato wilt and, except for one, were
Fusarium bulbigenum var. lycopersici (Brushi) Wr. and R. Members
of this subspecies, except one, were sharply separated on cultural ap-
pearance, and grouped into 5 types based on dissimilar growth char-
scters, which were correlated with distinet variations in pathogenicity.

Virulence was tested on Bonny Best, Marglobe, and Red Currant
tomatoes. Cultures characterized by raised light-colored myecelium
were most virulent; raised types with sclerotialike bodies were erratic
and on the whole slightly lower in pathogenicity; cultures of inter-
mediate-raised type produced considerable disease but less than the
two raised tvpes; those of an intermediate-appressed type with scanty
mycelium over a dark appressed growth were weaker in pathogenicity
than the other groups; and the dark-colored, completely appressed
cultures with no saerial myeelium were the least effective cause of
disease.

Saltation occurred in ail groups of Fusarium cultures, was least
noticeable in fully raised and completely appressed cultures, most
conspicucus and frequent In raised sclerotial, and Intermediate in
occurrence In the Infermediate groups.  Saltants tested were generally
less virulent than the cultures of their origin.

Pathogenicity data on the three tomato varleties showed marked
divergences due to differences in relative diseuse resistance. Red Cur-
rant, wilt resistant, was in most cases practically unaffected and only
very mildly diseased even when infected with most virulent cultores;
Marglobe, wilt toleran$, was severely diseased by the most virulent
cultures but was distinetly resistnnt to less pathogenic types; and
Bonny Best, wilt susceptible, was severely diseased by zall cultures
except the least virulent which produced a medium amount of injury.
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Rural Electrification Administration. ... HaRRY BLATTERY, Adminisirator.

Soil Conservalion Service H. H. Bexwert, Chisf.

Sugnr Division Josnus BerNHARDT, Chief.

Weather Bureau Fravois W, REICHELDERFER, Thief.

This bulletin is & confribution from

Bureau of Plunt Industry ... . _.__.... E. C. Avcurer, Chief, .
Divisien of Fruit and Vegetable Crops ¥. P. Gourp, Principal Horticul-
and Diseases, turist, in Charge.
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