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Norwood, Mass,

January 15, 1959

Dr, Jesse E, Hobson

Vice President and Director of ilesearch
United Fruit Company

Boston,; kassachusetts

Dear Dr., Hobson:

I am pleased to submit our 1958 Annual Project
Reports from Central Research Laboratories,

As you know, 1958 was a year of organization
and orientation at the new Laboratories which we have oc-
cupied only since last April. Our research efforts during
this period have been directed entirely towards the Fusarium
Wilt problem. Substantial progress has been made in initial-
ing our basic approach to the control of this disease,

Indicative of the scope of our approach are the
following areas in which work has started: The types of
materials within the plant that may be responsible for re-
sistance or susceptibility to disease; the microorganisms
found around roots as influenced or detcrmined by conditions
known to affect the progress of disease; physiological char-
acteristics of reproduction in Fusarium; study of methods
for freeing seed of pests, Of particular practical implica-
tion are certain experimen%s which indicate that a rapid
pathogenicity test can be developed by using small plants
from button seed,

Sincerely yours,

K Dor el —

G. R. Mandels, Director
Central Research Laboratories
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Comparative Biochemistry of

anan: Veorioties inm Relati:n to

i.28istance tg :V“ama Disease

Backoround

he inherent ability of certain varietices of hanana plants
to resist infection and pcrasitism by Fusarium oxysparum cubense
to a greater degrec than other vearietics suggests a distinction
which may bc detccted by phyrsiological, mor:hological or bio-
chemical means, This dist.nction, if it cxists, may be stucdied
by a comparative survey of biochemical constituents in various
organs of bancno varicties, It may also bc studicd by metabolic
rcactions of the susceptible cnd resistant varieties in resgonse
to altcred cnvironmental or nutritonal cenditions and in the
presencc or absencc of the purcsite, For a comparciive bio-
chemical study, the polyphenolic substcnces anc the teninins of
the banana plent crgams cnc particularly the rcots are being
investigeted, The i~,cl‘,/‘ah‘,nollc substances have becen imjplicated
in thec rcsistonce of plont tissues to microbial attack as may
he no%ed by a fc¢wv ¢ the number of published studiecs shown
below Similarly, the tannins which contain polyphenolic con-
stltuents, ave also bkeen rciated to slant resistance?, The
tanrins are not believed to be particuiarly tcexic to micro-
organisms, It is believed that the effcct of tannins is duc to
their ability to insolubilize protein an¢ to inactivate the
extra-cellular enzymes of the parasite,

Progress

A, Polynhenolic subdstcnces

Roots in alcochol and rhizomes from iffcrent banana
varieties growing in nonduras were collectcd with the efforts
of the Tivision of Trozical Rescarch and by Dr, 7', G, Barker in
particular and shipped to lNorwocd., The rhizomes were prepared
for growth in soluticn culturc cn¢ grown first on tap water and
then on full nutrient solution, The roots werc cxtracted with
alcohol anc¢ then concentrated to a small volume. Small guanti-
ties of these extrocis wecrc then gnAIyzeo by naper chromatography
for polyphenolic substanccs, Table 1 shows a number of substances
which have becu detec.ed in the rsots of these banana varicties,

1 Link et.cl,, J4.8.C, 81,360—75 (1929); Dubin et,al, Biokhim,
12, 14%1-52 (1947); Schzzl and Jo nnson, Thytopath, 45,626-28
(1955); XKuc et,al, J.An,Chem,530c,78,3123-25 (1956); Kirkham,
J.Gen,icrebiol 17 ,491-50% (1957),

2

Rubin et.al,Dok,Akac . lluuk,79,303-6(1951) ;Nicnstadt,Fhytopath,
43,32-8(1953).
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The greatest proportion cf these substances are 2s yet uniden-
tified ond probably are not all polyphsnolic in nature. These
substanccs have boen dotected by their position in the two
solvcnt systems uscd, by their reactions to vorious reagents,
ond their appoearance in visible and ultraviolet light, Based
upon this information a tentative identificction has been made
of somc of these substances 2ncd fairly positive identification
for cone of theia, chloroccnic acidey Table 2 lists the various
substances which have been so icdcntified, Of particular inter-
est arc the substunces cesignited No, 12 and 19, DNo., 12 which
is tentatively believed to be and may be phloroglucinol car-
boxylic acid¢ (a phloroglucinol typc substance) has been found

in all varicitecs of the banana plcnt resistant to Panama discase,
whercas in the varictics Cocos and Gros sichel it could not be
detected, This does not mean that substance 12 meay not be
present in the suceptible varieties but that if it is present then
it is so low that it can not be detected by the technigue con-
centrations used, Substince Mo, 19, chlorogenic acid, has only
been found in the varicty lausc balbisicng and was the major
polyphenolic constitucent detected, It is also intcresting to
note that hiusc balbisizna was the cnly sceded variety anclyzed,
Whether there is & relationship betwecn the presence of seeds
and chlorogcnic acid remains to be deteormined, Some general
observations may be made reégarding the rather large number of
constituents which have becn detected, Th%s is based upon the
chromatographic behavicor of the substances?, First of all, it
is possiblc that some of the substances may be glycesidic in
nature, This is based on the fact that the Rf positicn of many
of these substances in the agueous acetic acid solvent is quite
high, anc that this solvent has the property of moving glycosides
and leaving thc aglycones ncar the origin, Furthermore, when
these extracts are acid hydrolyzed to breck the glycosidic
linkages, then fewer of these substances can be dctected on the
chromatograms, Auother generalization which might be mode is
that due to their high Rf position in thc butanol-acetic acid-
water solvent, it might bc cxpected that most ¢f thesec substances
have less than 4 hydroxyl grouns in their ring structures since
additional substituticn of hycdroxyl groups tencds tc cdecrcase the
movcment of the substanccs in this particular solvent, At the
present timec and with the instrumentation available, cfforts are
being made to further charccizrize the various substances found
by paper chromatograph. FParticular attention is being given to

3 Bate-Smith snd Westall, Biochem,Bicphys.,Acta 4, 427-40 (1950).
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Substance [lum

Toniatl identificziicn o
pasced on Chromctogra.hic b
vigi violet light

9
12

19
20
24
26
28
29
37
38
39
L0

TA3LE 2
e ————————

yseances shoevm in Table 1
vior, and ro.cilons in
t

ruloroglucincl ty;

Cialoroyenic zcid

asthecyanidin (probebly mclvidin)
Zsculiy

Authocyazidin (prodakly crznidin)
Palcroglzcinel

Galiic zcid

Coumaryl cuinic acid

ryrogallal

Y-hydroxycoumarin

Apigenin
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flucrimetric measurements using an attachment to the Beckman
spectrophotometer, Ten varieties c¢f banana nlants have been
grown in scluti.n culture and the roois nc¢ leaves have recently
-been harvested, Healthy rcots from these plants have been sep=-
arated into cortex and stele in order to determine whether the
polyphenclic substances und tcnnins are found mainly in the

cortex or the tissues (stele) tc which the parasite is restricted.

B, The Tannins

An cnalytical mcthod is being deviscd by Cr, Greenberg
whereby the tunnins may be detected in the variocus organs of
hanana plant tissue. The method is based on precipitation cf
the tan&ins by lecad and subseguent determination using a color
reagent’, Preliminary results sihow that the major proporticn
of tannin ccntent is found in the roots and rhizomos and to a
losser extent in the leuves, as shown in Table 3.

Table 3

spana Plant Tissue (Gros ikichel)

'
Al

Tannin Content of =

Amount of "Tannin" expressed .as mgms,
tappic acid per gm, dry weight

Plant organ

Plant A Plant B
Leaf Bl:de 1,17 1.36
Leaf Sheoath (pseudostem) 1.70 2.45
Rhizome 7.15 7 .40
Root 6.60 6.70

C. Optical dcrnsity of rcot cxtracts

It hcs boern reported that the tarrin content of a par-
ticular plant tissuec may ze ccrreiagod witn the ostical censity
of an extract ot wuve length 280 mu’/, Therefore, the optical
density of some roct extracis have becn determined using a

L
Beckman Ratio Specctrephoicmeter, Table 4+ presents preliminary

informcticn on the cptical density ¢f banmana root cxtiractis at

- Cfificicl Methods of Aualysis cf the ..ssoc, Off, Agric.Chem,
1955; Dicmair et.cl.,2.An0lt.Chem,133,346-52 (1951); Sncll
& Snell, Cclorinctric mcihols ¢f Analysis (1953).

5 T oM

Roux, J.5 C. 35,322-37 (1951

elie i o

)s
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Ontical Densicy ¢f Sanaca Moot Txerccis at 280 mu

Jariety Ortical Density

Grog i.icacl 295
Cocos , «300
lariety 67 <330
Giant Fig 350
Viaana 379
Congo 325
Grand Dein 345
Laccten «375
Tumoc 420

linsa 2cihisisna . 600




sl

280 mu and show thzt the optical density of the so-callcd resis-
tant varieties to ranama discase tend to have higher values then
for thc two susceptible varieties tcsted, Gros hiichel and Coccs.
‘Ythen thcse root extracts arc acid hydrolyzed then the optical
density at 280 mu in some of thesc extracts tends to increase.
‘hen these hycrclyzed extracts are placed on chromatograms it

is found that the region on the paper in the butanol acctic ucid
solvent correcsponds to sctween ,75 to .84 and may be substance

number 36 listed in Table 1, O©Of all the strips cut out and
cluted from the paper and measurcd in the Beckman Spectrophotom=’
eter this particular region gives thc grcatest abscprtion at

280 mu.

Ccnclusicns

Nene,

Recomacndations

None,

Prepared by

S. R. Freiberg
January 5, 1959
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Button Seec Propagation Experiments
SUITMARY

Various methocds were tried in a preliminary study to deter-
rine the optinur mecium and concitions for successful button seed

cevelopuent,

Snhagnun noss proved to be a very satisfactory experimental
medium in which to germinate this type seec, Vermiculite did not
prove suitable as a bhed material when usec in pots, Water logging
and conmpacting were the apparent drawbacks.

Temperatures most favorahle for maximum germination appears
to run between 27-329 C, Temnperatures above 35° C, are detri-
mental to seec survival., From approximately 27° C., every increase
in temperature (during rooting and germination) causec¢ a reduction
in root developnment, Germnination of the growing point can be
hastenec by increasec temperatures (up to 329 C,) but is done so
at the expense of root development,

Germination in the high 90's is possible with gooc seed
material and proper concitions, Seec germinatec¢ in a hot bed with
a controllec temperature between 28-320 C, produces utilizable
plants (2-2.,5' tall) in 30-40 days,

A trial fumigation using 2-3/4 1lbs,/1,000 cu, ft. of bromide |
uncder various concitions provecd fatal to all button seecd.

Various methods of forcing the dormant lateral buds into
activity have proved somewhat fruitful. In most all cases where
the growing point has been removecd from healthy seed, two or more
acdditional points of growth are activated, From such studies it
may be possible to greatly recduce the introcduction of infected
naterial into a clean seed bed while utilizing fully all poten-
tial growth. Such a practice may be applicable in the field as
well as laboratory.
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Button Seed Propagation Experinents

In view of the Norwoocd Installation ancd the very type of
research that would be concuctec here, it was thought advisable
to look into the possibility of propagating our own plant material
for laboratory work. As there is always the possibility of having
the Plant Quarantine Division restrict the importation of banana
seed pieces, any means cevelopecd that would permit maximum utili-
zation of our present, as well as future, plant propagating
material woulcd be an asset to the overall program,

7hile it does not appear as though any difficulty will be
encounterec in importing sufficient seecd for our purposes, certain
regulations concerning the transhipment of this seecd stock have
alreacy been imposed by the government agencies involved. Such a
move restricts our abhility to furnish material to cooperating
organizations anc could slow cown the overall efficiency of the

prograi,

It looks as though this restricted movement of seed from our
locality to the warmer sections of the States is due primarily to
the infestation of some button seecds by the borer Castniomera
humboldti. With a complete knowlecdge of the life cycles of this
insect, particularly its larval stages and its feeding habits,
it is easy to see that survival of any larvae inhabiting a button
woulcd not be possible. The rate of feescding by this larva is so
rapid, even in the first instars, that consumption soon cepletes
the seed's vigor to a point where little or no germination is
possible, Our practice of planting seeds in incividual pots upon
germination makes the transfer of any larva from one seed piece to
another inpossible. Any plant displaying symptoms of sickness
after germination are inspected and destroyed if necessary.

In order to reduce the cost of irporting large quantities
of seec from the tropics ancd to enable personnel to have on hand
sufficient and adequate plants for an extended range program,
various tests have been concuctec, Button seec have been sub-
jectecd to various temperatures to check the effect of heat on
germination. Other methods, later describec, were tried in an
effort to divert meristematic activity from the central growing
point to the semi-cdormant lateral buds in an attempt to obtain a
rapic, maxinum procuction from each seed.

Exveriment No, II

Exploratory test to check the effects of:
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1. Perimeter trimming (cutting away all material
on the sicdes of buttons until an arbitrary
diameter of 8.5 cr: was ohtainec)

2., Growing point removal (passing a 1,7 cm cork
horer conpletely through seed - tc incluce
growing point),

3. ?2lanting with growing point upright,

4, Planting with growing point upsice cown,

Various combinations of the above treatments, as well as
single treatiments were employed. All bhuttons after treatment

were nlantec in veriticulite with clay pots and placed on the
greeniouse bench, Data on this test follows:

Tabkle Number I

Hura 2 [unb Seec Per Cen

Treatment Humsﬁgeﬁeec Gegnggateg Germ1nat§on
1., Trimmecd and

nlanted down 65 7 10,9
2. Trimmed, cored

anc plantec

down 65 12 18, .4
3. Plantec down 20 3 15.0
4. Planted up 20 0 0

It will be noticed immecdiately that germination on the whole
was very low, This is accountec for by the fact that the buttons
received too much water., The planting medium (vermiculite) dis-
plays certain characteristics which are not the most suitable
for seed germination, ater tends to accumulate in the lower
half of the pot while the upper half will he dry cue to evapora-
tion, There is apparently little or no capillary action in
vermiculite and appearances of the surface may cause over-waterlng,
with a resultant rot of the seecd material,

In this particular test, it is interesting to note that the
only treatment to produce nultiple growth was the one which had
the growing point corec out, Uf the twelve seeds that germin-
atecd, nine hac two or more points of aerial growth; or a multiple
germination per cent of 75,
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Experiment Nos III

The purpose behind this test was to cuplicate the previous
test and at the same time to check the effects of heat treatment
on germination, One half of all the seeds usec in each treatment
were irmersed in a hot water bath of 65° C, for five minutes.,

Due to the Plant Juarantine LCivision's notice that they are
finding stalk borer larvae (Castniomera humboldti) in the button
seed along with various other miscellaneous insects (flies,
thrips, an¢ larvae of flies) all seeds cf this shipment were
gassec¢ with Parathion, This was cdone for two reasons. One,
principally as a precautionary reasure, anc two, to test the
effects of this chemical on germination ancd borer larvae., Un-~
fortunately, anc by mistake, all seeds were treatec instead of

only a part as planned,

Seecds for all treatments were rancomly selected and when
reacdy were again indivicually potted in vermiculite, This time
watering was closely regulatecd but the results were not entirely
satisfactory.

Again germination was found to he very low but just how much
influence the fumigation may have exerted is not known, It is
felt though that the gassing dic have some pronouncec effect and
cause¢ a recduction in the overall germination, Such thoughts are
substantiated by tests conducted by the Plant Quarantine people
on seeds used in the next test, Fumigation with methyl bromice
recducec germination to zero. Fumigation in this case preceded
all other treatments,

Table Nos II shows the results obtained from this experiment,
Germination again is very low; being comparable to that obtained
in the first test., From these tests, it appears as though the
hot water bath prior to planting did not adversely affect the
overall germination, In fact, there is ever so slight an indica-
tion that heating may have stimulated multiple sprouting, Removal
of the principal growing point is another practice that appeared
to warrant further attention, Germination as well as increased
multiple shooting was inducecd in both tests where this practice
was enployed.

Despite the fact that both shipments arrived in gooc condi-
tion, with some buttons just beginning to root, it took between
28 and 85 days for the first and last seed to germinate in the
first trial and between 5 and 118 days in the second test. Mean
germination time for both trials was approximately 60 days.

Both of these tests were run in greenhouses with controlled
temperatures and humicity, Humicdity was maintained at 60% and
temperature at 80, There was some fluctuation of both during
July, August and Sentember but they were controlled as close as
possible., :
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Experiment No, IV

With the knowledge of this basic information and added
facilities, the next step was to test the influence of tempera-
ture on seec development., For this test, a walk-in constant
temperature room was used, Temperature was regulated to a steady
329 prior to planting,

In view of the difficulties with moisture accunulating in
the vermiculite and the possibility of freguent watering altering
the temperature arounc the seed, it was cdecicec to shift to a
more suitable rlanting meciuize For this series, sphagnunm moss
was to be usec as the becd material in place of vermiculite., This
material was chosen because of its pliability when moist and its
great water holcding capacity when saturatecd, Doth of these
features mace the moss appear very suitable, First, curing root
developuent little or no resistance fron the noss woulcd be mret,
Seconcly, its high water retention woulc provicde acecuate moisture
over a long periocC without restricting aeration., This avoiced
frequent watering, often times with cold water, anc its insula-
tion value would aicd in waintaining a more constant bed tempera-
ture,

To facilitate handling and to use as little space as possible,
plastic trays 12 x 1% x 4 inches were usec. To prevent the seed
from coming into contact with any stagnant free water, one inch
of blue stone pebbles was placed in the bottom of the trays, The
rest of each tray was then fillecd with saturatecd sphagnu,

Button seec were then nestlec in the moss so that they were nearly
covered, Over each tray a sheet of perforatec aluminum foil was
placec, the sides tightly tuckec about the trays. Limitec water—
ing was necessary when the moss cried out,

Eleven days after rooting hacd begun the plants were placed
in clay nots filled with sterile loan, The pots were then placed
in a heatec room at 30° C, for germination. After one month, they
were transferrec to the greenhouse,

Table No, III gives a resume of the treatments and results
obtained from this test,
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In the first treatment two buttons failed to root altogetber.
One of the 58 seed that did root failed to germinate because 1t
contained a feeding larva of the stalk borer,

The one seed that failed to root in the second treatment
likewise was infested with a borer,

From this experiment, it became evident that a germingtion
per cent in the eighties may be expected from a normal shipment
ol Lsh b mond amnd that' #hic Limiina minht ha mnatead avean hichenrn
Ul NDULLUII SCCTU dIilUu viidV VIILID 11yUui v Liayuv vy ;u-:.avu Reivine fa AR R S
under proper conditions, Plants produced in this manner, with-
out exception, were extremely vigorous,

Only eleven days were needed from time of planting until
sufficient rooting had occurred to enable transplanting of the
seed, Twenty-eight days after planting, the plants had attained
a height of approximately 2.5 feet and were suitable for inocula-
tion studies,

During the passage of this shipment through Plant Quarantine,
50 seed were selected for a fumigation trial, These were divided
into 5 groups with 10 seeds per group, The treatments employed
were:

A, 2-3/% 1b,/1000 cu, feet for 2 hours
26" sustained vacuun - 75° F,

B, 2-3/% 1b,/1000 cu. feet for 2 hours
15" sustained vacuun - 75° F,

C. Sane as B,

D, 2-3/4% 1b,/1000 cu. feet for 2 hours
normal atmosphere pressure - 75% F,

E., No treatment,.

None of the treated seed rooted. The control seed, however,
had a germination of 80%., llethyl bromicde at this concentration
and exposure, even at normal atmospheric pressure, is too severe
for banana button seed.

From these results, it has become evident that certain
moisture and temperature requirements must be net before maximum
germination can be expected., The effects of both these factors
need further study and the next experiment was attempted with
this in nind, While excessive still water tends to cause poor
gernination and rapicd seecd decay, the lack of adequate moisture
prolongs seed developnent, Temperature about the rhizone
evidently has a good deal of influence on the rate of chemical
changes governing the plant's rate of metabolism,



Experiment No., V

A section of one bench in the greenhouse was utilized to
construct a hot becd for future seed and propagation studies.
Two lengths of heating cable were installed on top of one inch
of bHlue stone pebbles anc one inch of sterile loam to form two
hecds 6 feet long, Four more inches of sterile loam were acdec
on ton of the cable to finish the bed, Two inches of sphagnum
moss were placec as a cover on the soil bked, Regulation of the
temperature was accormplished by the use of an adjustable soil
thermostat, After the becd hacd been brought up to nearly con-
stant temperature of 30-329 C, with the soil in a moist condition,
the buttons were planted, Planting was done so that approximately
only one third of the button was in contact with the soil; the
upper renaining portion being coverecd with the moss which was
kept moist at all times,

181 seecs were plantec in the hot becd on November 10,
Formation of roots began in two cdays anc fourteen cays after
nlanting the buttons were germinatec sufficiently to begin
transplanting, Dy Cecenber 1, or twenty-one cays after planting,
97.2% of the seed hac germinatec anc, with the exception cf a
few left in the becds for experimental purposes, hac been success-
fully transplantec, This group of seec was selectec for condi-
tion ancd apparent germination potential before planting,

Experiment No, VI

Three groups of seec comnprised of 6 treatments with 5 button
seec per treatment were selectec for size and quality for a
tenrerature/gernination/fusarium inoculation study. Treatments
of each are as follows:

l, 5 seed incubated at 350 €
5 seec¢ inoculated with F.0,c. anc¢ incubated
at 35° C,

2, 5 seed incubated at 40° C.
5 seed inoculatec with F.0.c. and incubatecd
at 40° C, .

3. 5 seed incubated at 45° C,
5 seec inoculated with F,0.c. and incubated
at 45° C,

Incoulations of the seecds with a spore suspension of F.0,.C.
was cone by renoving, with a cork borer, a plug 3/8" in diameter
from the rhizome tissue just below the principal rooting zone,

The plug was broken in half; 1/4" from the internal end of one

of the halves was removed; this half of the plug was replaced.
Two nilliliters of the spore suspension were nlacecd in the cavity;
the other plug replacec and hoth external ends were sealed with
meltec paraffin,




S

Plastic trays with sphagnum moss were used as bed material
to check cevelopnent,

Eleven cays were needec before germination was sufficient
to transplant, All seed, inclucding those inoculated, placed in
incubators at 35% C, germinatec but it was noticed that rooting
was very weak at this point, Only one inoculatec¢ and one non-
inoculated seec at 40% C, germinated. Rooting of these two was
even weaker than those develoning at 35° C, At 45° C. no

nor reoting was accomplished. All seeds at this

A e At 3 AN
Yvriniuuuvavii v

temnerature rotted after eleven days of incubation,

Experinent No, VII

In previous tests the ability of some buttons to produce two
shoots at once was noticec. This was uncoubtedly due to the
stage of cdevelonment and varied greatly among all buttons, How-
ever, the knowledge that more than one potential growing point
was available on each seed piece led to the foregoing test, It
was thought that if the meristematic activity coulcd be cdiverted
from the central growing point, it may be cdirectecd to the lateral
buds thereby forcing them out of dormancy.

In order to test this theory, 10 buttons were selectecd for
trial, £Each seed was guartered vertically through the growing
peint., The portion of the growing point remaining was removed
from each quarter before it was placed in noist moss ancd incu-

bated at 32°,

Planting was cone November 24, 1958, Rooting began the
second day, and transplanting began eight days later, These
figures compare favorably to whole button seed without altera-
tion, To date, 17 of the quarters have been germinated and
have been transplanted, 5 have heen discarded cue to cecay and
18 remain in a solic but semi-cormant concition.

The value of this particular test cannot be over emphasized.
Two very favorable points have developecd when consicdering the
importance of securing disease-free seec, Quartering permits
the inspection of 8 internal surfaces of each seecd piece with-
out sacrificing any planting material; in fact, this procedure -
would permit maximum utilization of all potential growth,

It is true that plants developed from small pieces such as
button seed quarters nay be weak and slower in developing than
plants from say a maicenhead or a sucker, but after rooting has
been establishecd it should grow equally well, The chances of
itebeing plantecd free of insects and disease is much greater
than for a larger piece,

Preparec by

Kenneth R, Norton
December 24, 1958
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CEITRAL RESEACCH LABORATORIES
[lorwood, iiass,

BDP-1-10 Physiological licrobiology
Section
Annual Project Rezort 1958

Growith of Fusarium oxysporum
f. cubense in Controlled LAtmospheres

Backcround

The soil in which Fusaric are capableé of existing and carry-
ing on sapropaytic growth and sporulation has a variable atmos-
phere, The 1“;1“0“08 of this atmosphere upon these fungi has not
been suffi iciently studied,

" .1 : :
Hollis ™ reported that Fusarium oxysporum survived for a long-
er time as a sanrophyte in soil than did F, ecumartii and that both

grew at extremely low O, tensions At an oxygen tension of less
than 1 per cent F, oxysﬁorum surv1ved o"t F, eunartii did not sur-
vive., Concentrutlons of hove O, O3p has heen rerzorted to in-

crease the multiplication o% ”us:rlum in soil, whereas low oxygen
tensions did not greatly reduce soorulation in soil until it was
below 5 per cent in sandy loam and between 8 and 10 per cent in
loan,

Progress

Spore of Fusarium oxysnorum £, cubense on the surface of
potato-dextrose agar gerr1natud and forr d short hyphae when in an
atrosphere of 1 per ceat 05 in 1bro~en. These hyphae produced
few spores and apparently nave a limited growth (Table 1), As the
O, concentration increased in a nitrogen atmosphere, there was an~
increase in the number of microconidia proﬂucec per unl* of mycel-~
iuna, Colonies which developed under low 02 concentration produced
macroconidia eorlver, after being returned to a normal atmosphere,
than dic those colonies held at PelathuLV higher 02 concentra=-
tions,

Experinents with different media indicate that this Fusarium
is neither anaerobic nor aerobic per se, since this characteristicT
is related to the substrate to which it is exposed. ith a chemi=-
cally defined substrate little or no growth was anparent whereas
on the same medium suzplemented with 0,2 per cent yeast extract,
consideralkle growth took nlace in a ritrogen atmosphere, In an
atmosphere of Co, microcoridia gerninated and formed germ tubes
which bore chlamydospores, Growth of the fungus appeared to be
linited, and not stimulated by the yeast extract,

) 8 " o ‘
Hollis, J. P,, 1948, Oxygen and carbon dioxide relations of
Fusarium oxysrporun Sci:lecht and Fusarium eumartii Carp,
Phytopathology 38:761-775,




o O

Button seed tissue supported more abundant growth of F,
oxyszorum £, cubense wien it was held at low oxygen tensions in
a nitrogen atmosphere, At O, concentrations of 5, 2,5, or 1 per
cent and in a nitrogen atmosphere there resultecd less discolora=-
tion of the cut surfaces of the tissue and a deeper decay into

the tisgue than at higher O2 concentrations,

Conclusions

The need for g more detziled investigation int¢ scil environ=
rents upon the survival and infection of banana plants by Fusaria
is apparent, This Fusarium produces abundant macroconicdia when

first grown in an atmosphere of low concentration of O, and then
nlaced in & normal atwmosrhere, hen it is grown in 2 %ommul at-
nosphere few macroconicdia are produced.

Recormiaendations

[one.,

Prenared by

Eugene 1[I, Wilson

December 31, 1958



Table 1. The influence of the concentration of O, in a nitrogen

atr:osphere upon the growth and sporulation of Fusarium

oxysporun £, cubense,

fer cent Oxygen rmm, of Growth® Microconidia® Mceroconidia®
15 59 5 0
10 60 L 0
5 56 L 1
2.5 41 3 2
+ 29 5 5
e 1 5
Check (In Air) 22 5 0

a, Dizmeter of growth irn millimeters,

b. Iiicroconicdia per unit of mycelium, based on an
arbitrary scale of 0-5,

c. llacrcconidia per unit of mycelium, based on an
arbitrary scale of 0-5, two days aiter removing
from controlled atmesphere,
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Respiration of spores of a done of
Fusarium oxysworum f, cubense -

Background

Thick-walled chiamycosporcs of fungi are consicdered as being
in a cdormant or "resting''stage. This has becen accepted as being
true for chlamycospores of Fusarium species although there is
little evidence to support this. The magritude of O, uptake
during aerovic respiration is assume: io be an incdication of
relative dormaa:cy.

Progress

Preparations ¢ micrconicia, macrocenicia, and chlanycdossores
were studied in chemicaily cdefined media of Marsh}s salts,
sucrose, and aumonium nitrate., Oxygen—-uptake was determined by
conventional ‘/arburg techiigues, Cxygen-uptake wac anm iucicator
of the maguitude ¢i aerociric respiration.

Oxygen-uptake by either chlamydospor:., macrocenidia, or
microconidia varied froa spore harvest tc spore harvest, This
variation may have been Cue in part ts ¢iiferences in homogeneity
or the preparation of s ores, the substrate irom which the snores
were grown, an¢ the age of the ssores, 2Resulis of a number of
experiunents are presernt in Tables 1, 2, anc 3,

Cxygen—uptake by microconidia was g:eater than by either
macroconicia or chlanydsspores. The maguitude of Oo-uptake after
five hours was cirectly progertional to the dry weight of the
microconidia, Yeast extract increased cthe amount of Up-uptake.
The iafluence of »il upon Cr-uptake sy microconicdia was only
slight in the raage of 4,4 and 6,4 (Table 4). This was also
true for chlamydospores (Table 5).

macroconicia hacd higher Qoo values than dic chlamycospores,
Iu water chlamycospores had lower Yoo values than either micro-
or macroconidia, The acriticon of yeast extiract to these media
increased the 0o valucs for Soth micreconicia and chlamydospores,
acroconicdia wsre not stucied¢ with these media.

kiicroscopic observation of these thrce morphological Iors
of Fusarium oxvssorum f, cubense showsd that the macroconidia
and chlamycosseres germinated wituia the first five hours in th
viarburg flask at 29.7° C. i.icroconicdia profuced germ tubes only
after 9-1% hours at this temperaiure, <vicdence that respiration
was correlatec with synthesis in thcse s»orss was a cCoubling and
tripling in their size d:ring incubation,




Table 1, Oxygen-uptake by microcouidia as incdicated by Coo
' valages vuring incubation in differcent media,

oo
spore B
Exnerimont o, Source Sucrose® Yeast "xtract” ater®
1 water agar 26,7-187.4% 5
2 V-8 juice 36 - 71 5
3 PDA 30.7- 58.4% 3% - 71 13.3-8.18
L PDA 23 - 41 24,8- 56,4 0o -7.6
5 PCA 48 =135 46 -198 13,.1-6.6

@ In 2 mecium of liarsh's salts with sucrésc as the
b carboi: scurce,

Same as in ? with 0,2 per cent yeust extract,
C Endogenous respiration,
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Table 2. Oxygen-uptake by macrocounicia cs incicnted by o,
values during incubation in different medic,

7
Spore X%
Experiment o, ogurce Sucrose Intord
1 V-8 juice Agar 18
g V-8 juice Agar 32
3 V-8 juice Agar 14-25 12

a o & . dem
In ¢ medium of rarsht's szlts with sucrosc as the
b ' arphon sg¢urce,

Yndogenous respirsiion



i

Table 3. Oxygeu-uptake by chliomydoesporcs as indicnted by
Qo, valucs curing incusation in diffcrent media,

Spore Qo
Experiment No.  Source Sucrose® Youst Txtract? datcrC
1 PDA 3 SR | s 1.5
2 PUA 1 1/ S — 11.3
3 PUA 10,9  smmmmemme e 1.45
4 PLA 9 =13, rem—————— 5,3
5 PDA -18 ——————— 3.4
6 V=8 Juice 10 =23.2 —mmemme—meeeea 1.8~5,4
Agar
PDA T T Gl VIR —
PDA 9.8-18,.5 11,7-25 1.8-2,4
9 PDA 6.6-13.6 8 -19 1,2-2,8

@ In a medium of riarsh's salts with sucrese s the

carbon sourcce.

b The scme medium as in 8 with 0,2 per cent yeast

extract.,

¢ Endogenous rcspiration,
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Table 4. Qor valucs of microconidia during incubation in
media of kmiarsh's salts, 5 g/1 sucrose, and 1 g/1
M5,NOy. The pH of cach medium was obtained by

varying the concenirctions of KHyPQ, and KzﬂPOu
in the busal salt selutions,

BPe Walnae cduamwinem Inscmnhatsan Twd anwanle
\<V2 uuuuuu -~ R 4:.\5 AlsvwivAd vavn LUBUVLUL VULDO
pi of todia® 0.5 1.5 2 2,5 3.5 k& 4,5 5
L L 21.6 33.6 38 41,7 50 56 61.4+ 67.6
4.8 33 38.6 43,6 L7 5k 59 64 69.5
5.25 29.6 35.% L0 Ll 52 58 63 69.5
592 43.2 39,5 4§ 47,5 54 60 64.5 71.5
6.4 37 41.5 45 47 55.6 61.5 67 ———
7 2 36.% 39.3 43 45 53.2 59.2 64,5 71.3
Basal salts® 34 39.% 43,5 4%2,8 48,5 51.5 52,8 54,4
Waterd 0.9 4.8 3.4 3.9 %3 4.9 4,9 5
& The pH of these mediz at time of seeding them.
b The interval is given in units of hours,
¢ Basal salts consistcd of Marsh's salts with a
d pH of 5.5,

“ndogcnous oxygen-ujstzke,



oy
Table 5. 20o v.lucs of chlamydosperes cduring incubstion in

inedia of thc same composition as thosc mentioncd
in Table k4,

o, Values Puring Incubation Intcrvals

pil of iedial 1b 2 3 Iy 4.5
b b 10.3 13 16.6 20 23.2
4.8 11.7 13.3 173 21,6 25.0
, T 9.2 12.4 17,1 20.9 24,0
5.92 11,6 14,0 18 21,6 24,6
6.4 11,4 13,6 17.6 21.6 4.6
e L 10.8 13.5 16.8 20,5 23.3
Basal salts® 9.15 12,5 16,8 20.5 23,0
Waterd 1.8 2.1 3.4 5.6 5.4

& The pH of these mediu a2t time of sccding them,
b The interval is given in units of hours,

C Basal salis consisted of r.arsh's salts w7ith a
g pd of 5.5.

Zndogenous oxygen-uptake.,
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# en the samc medium anc cultural conditions were used, the
grcater the nunbe: of microconicia per uuit volume of medium
the lower was the percenl germination and incrcase in sore
volume, Ii distilled wacer vhese sporcs germinated only when
in very low conccntrations, whereas macroconicdia and chlamycdospore
germinzated when in hijh cencentration, “’'hethor self-inhibitors
or a limitec nutriiional sub.trate ccused this has not bcen de-
termined,

Conclusicns

Chlamydospores appzar to have a lowecr Yoo than micre- or
macroconicia,

Reconmendations

Stucies of rcspiration of this Fusarium under controlled
atmospheres of CCp, O, and nitrojcn may heip clucicate the
behavior of tuis funyus in its rolc as cither a saproghyte or
a pathogen,

Frepared by

Zugene L., ‘ilson

January 5, 1959
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Sporulation of Fusarium oxysscrum
f. cubeirse in Relation to Carken
anc TTiEron.

ma T PIRE her agh - N vt 1 -
ndé Livrdgen in Chemically Defined
C

Background

Increasing the car.on anc nitrogen concentration of soil has
been rejorted to influence the population of Fusarium and inci-
dence of lanama <¢isease, ‘'hether this influence may e related
to the effect of the carbon to nitrogen ratio (C/M ratic) on the
sporulation an¢ growth of fusarium or to other factors has not
been cCetermined. Txperiments were concucted tc determine the
cfiect of C/Ii ratio upon the spyorulation of Fusarium in chem-
ically definec media of uiarsh's salts anc varisus concentra-
tions of sucrcse and ammonium nitrate,

Progress

Procduction o¢f microcowidia appeared to be favored by certain
levels of ritrogen (0,087 g/1) and not siynificantly influenced
by the C/M ratio (Table 2). High conceitrations of carbon did
not favor micrcconicial formatior when the nitrogen level was
0.349 ¢/1, tHowever, nc microconicdia wore formel unless there
was carbon present in the medium,

hiacroconicia occurred in these culiures only sparsely and
without correlation with the carbon anl ritrogen levels or C/N
ratio.

In standing- or shake-cultures chlamydospores 2rocuction was
favored either by low levels of carbou or a low C/Il ratio (Tables
1, 2 and 3). It is noted from these cata that on media of a
high level ¢f nitrogen chlamycdosjore procductiion was favored by
a low C/Ii ratio, whereas on similar mecdia of a low nitrogen
levecl chlamydospore production was favored by relatively higher
C/il ratio,

In Petri cdishcs on the surface of ajar media the production
of chlaaydospores eand microcenidia was favored by high levels
of carbon in ths medium, On low levels of nitrogen (0.022 g/1)
there were not as many of these spores srocduced as on a medium
of higher nitrogen concei:tration when the conceatration of carbon
was high, ith any of the mesdia tosted in Petri Cish cultures,
macroconicdiz procduction wis sparse and was not correlated with
the relation of carbon an¢ anitrogen,



e

Table 1,

The production (based on an arbitrary scale of 0-10) of chlamyd-

osorecs per unit of mycelium of F, oxysporum f, cubense as rela-

ted to the concentration of nitrogen an¢ thec carbon to nitrogen

ratio of the medium,

Carbon to HMitrogen Ratio

Nitrogen (g,l.) 386.24% 192,67 96.34% 48,17 24,06 12,03 6,02 3.01 1,5 0,75
0.349 ————— - ————— e 0 0-1 6 6 8 10
0.175  ——-— ———— e 0 0-1 5 7 10 10 ——
0.87%  ———e- ———== 0 0-1 5 8 10 10 ———— -
0,04k oot Rk 0-1 6 6 10 1, SRSV IR
0.022 0-1 1-2 3 b 5 10 e ettt




Table 2,

The production (base¢ on an arbitrary scale of 0-10) of micro-
conicic per culture anc¢ chlamycdospores per unit of mycclium of
F. cxysporum f, cubcnse as rclcted to the cavbon and nitrogen

ratio of thc medium,

Carbon (g/1)

liierogen (g/1) 8.42 4,21 2,10 1,05 0.53 0.26 0
e ww mL 6 6 8 mo 10
e S = L T T
il S P D T
S R L R S
i o-1 12 3 n 5 % 0

£

liicroconicia

Chlcmycdosporces



Table 3.

The producticn (based on an arbitrary scale of 0-10) of
chlamycdosporcs per unit of mycclium of F, oxysporum f, cubense
as rclated to the concentration of carbon and the earbon to nitrogen

of thc mediz,

Carbon to [litrogen Ratio

Caron (g/1)

386.24 192,67 96.34%

48,17 24.06

12,03 6.02 3,01 1,50 0.75
8.42 1 w 10 5 4.5 0 — — — ————
Ga} 0=1 0 0 0 ——— T U S
W | SR 1 8 5 3 | 0 w—." e s
S =2 0-1 0-1 0=1 08 | R S
2.10 S—— s 3 O~1 3 Dl 0 - -
——— - 3 6 5 5 6 —— == -
1.05 S -— —— P 1-2 5 0o-1 1 o —
e — — 6 8 V' 6 Wi
0. ——— e —— - 5 2 5 5 0 -—
i P— — P - 5 10 10 10 8 —
0.26 ——— - ——— me= ae= 5 L 3 2 0
g - B S — 10 10 10 10 10
4  Microconidia
b

Chlamydesporcs



Conclusions

On chemically defined media chlamycospore production by
Fusarium is correlated with the C/MN ratio., ©On media of high
C/TT rotio there were relatively fewer chlamydospores formed
than on media of low C/IN ratio. The production of chlamydospores
decreased as the C/IN ratio incrcased when this fungus was grown
on either & low or high nitrogen conceatration in the medium,
The higher the nitrogen concentration of the medium the lower
was the C/Il requircment for chlamydos:ores production, At low
levels of carbon chlaaycospore procuction was grcater when the
C/M ratio was low than when it was high, These rclationships
were observed with either standing- >r shake-cultures, but not
with culturcs on surfaces of similar media sclidified with
2 per cent Bacto~agar in Pctri dishes,

Rccommendations

hether thesc rclationships occur in soil necds to be deter-
mined in order that somc apslication could be made of them,

Prepared by

Eugene ki, ilson

December 22, 1958
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The Influence of Ultraviolet Light
upon the Formation of liacroconidia
by Fusarium oxysporumn f, cudense

Background

Ramsey anc Bailey! showed that exposure to ultraviolet
radiation increasecd macrospore procuction, and Harter? found
that cultures of Fusarium sppe grown in the light showed
increasec macrospore length, Illore recently, Carlile3 reported
that light promotec the formation of macroconicia by Fusarium

oxysporum f, glacioli,.

Some isolates of Fusarium oxysporum f. cubense procduce an
abuncance of macroconicia, whereas other isolates procduce few
of these conicia only after a long perioc of incubation, With
an isolate that had the latter characteristic, experiments with
different exposures of ultraviolet light were concuctec to
determine the influence of this light upon the formation of
macroconicia,

Progress

At an equal cdistance (ca 5 ft,) from a Hanovia 94Al,
sterilization lamp one-day43Td cultures of Fusarium oxysporum
f. cubense were subjected to exposures of 2 to 128 minutes 1in
cduration, These cultures wére mace by adding a suspension of
conicdia to unsolicifiec PDA, From time of seeding these media,
these cultures cdevelopecd in the cark, ancd after the exposure
to light, they were placec in the cdark with the unexposec
cultures, the checks,

'Ransey, G. B, anc A. A, Bailey. 1930, Effects of ultraviolet
radiation upon sporulation in Macrosporum anc Fusarium.
BOto GQZQ §2:1130

2Harter, L, L. 1939, Influence of light on the length of the
conicia in certain species of Fusarium., Amer, J. Bot, 26:234,

3Carlile, My J. 1956, A study of the factors influencing non~
genetic variation in a strain of Fusarium oxysporun, J. Gen.
Microbiol, 14:643-65k4,




-

In some experiments, increased procduction of macroconicia
occurrec after the culture hac been exposec to ultraviolet
light for 4% to 16 minutes (Table 1),

Some cultures of the same clone of this Fusarium procuced
almost as many macroconidia in the dark as it dic after an
exposure to ultraviolet light, This variation within the spores
themselves along with the influence of light on the mechanism
which determines whether a culture will procduce macroconicia or
not may be found to be relatec.

Conclusions

Ultraviolet light appears to stimulate the procduction of
macroconicia by some isolates of Fusarium oxysporum f. .cubense.

Recommendations

None .,

Preparecd by

Eugene i, Wilson

January 15, 1959



Table 1, The effect of ultraviolet light upon the macroconicia

formation of Fusarium oxysporum f. cubense,

Minutes of Exposure Macroconidia®
2 93
55.0
49.0
16 4043
32 9.0
6L 25.0
128 3.0
unexposec check 4,8

a. llacroconicia per culture given in arbitrary units,
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CTITORAL REZSTARCH LAZORATORINS
[Terwood, luass,
BDP-1-20 Physiological-Micrsbioley;

Sectic
Annual Projeci Renort 1958

Syuthesis of Cligosaccharices by é&n
Isclate Fugarius exyscoru: f. cuhense
Sackgrounc

A unuaber of funzi includinj some of chose which are carehle
of imeciting & wilt Cisgage of vascular plants syntihecize exocellu=
lar polymers of saﬂ“rsj'2# ether thece are srocuced in the vessels
and other tissues of the infscted nlawt hss not been determined,

Ungil thers is suficient v1cence tc accept or reject the hjoot.-
esis vna~ the arz iavelved .n the blocue iistry of & wilt cdisecse,
one may art t. coucicer the: in ex:ler ~I6Ty ex Jerinents along

with 3°ctolyt1c en :Jgau ga¢ fusarie aeic in e"*lcl ing the mech-
anism of aticgenssis in the Senena tisease,

li:

Progress

luec¢ia cznsisting of ldarsk's salts at a pd of 5.9, NHMNO3
(1 gm/1), ead sucrose at & conceatration of either 20, 10, 57 2.5,
Y. 25. Oe 625 or CO gm/1 rere sesded with Tusarium oxysaorun
cuberse. Clowme cultures were aereiec Dy ccntlnuous shaking whlle
others re.ained stationary, Onall guantities of the cult ture
mediun were removed Carianj the 6-10 day incubation p.riod, These
were enalyzed for_sugars by papsr chromatcgrashy by & method pre-

viously descrihed

Results fro: these experiaents are given in Table 1,

Tlie results with shake~-cultures vere siwilar to those with
standzng-~cultures, ©Ous experinent indica that sucrose and the
oligosaccaaride were not sresent aiter 6 aﬂys in nedia ¢f shake-
culiures whereas, tie ocligosaccharide (Tf, Q.0515) awd fructose
were ~reseil in media of stianding-cultures,

If glucose were _resent in these media, it was not cetected
by the izethocs of chroiatograrhy used in these expsriments,

T Le Tourneau, J, 1957. The procuction of

:llgo churldes by
Verticillium alboatrum. . hriopathelogy (Abst,)

. :527.

2 . e . . ' ; .
Jilson, E, ii, and V., 5, Lilly, 1958, The utilizati:n of
OllCOScCC iarides by sow.s s:ecies of Ceratocystiis, l.ycologia

50: 376-389,



-,

Takle 1, Rf, valves of the saccharides in mefia surrcuading
mycclium of Fusarium oxysnorui: £, cubense (3 days
growth; sta.ding-culture),

Gram Sucrose/Liter Rf, Values
20 0515 0,131 0,216
10 LOu85 0,126  0.230
5 ~—-== 0,124 0,221
2.5 i e 0.122 0.231
1.2% —_—
0.625 ————- 0,131 0,231
0.0 e e
Sucrose® ——— 0.126 PR—
Fractose” - 0,240
Sucrose an¢ Fructose® fmem—— 0,119 0.221

Two per cent sucrose in water,
b oy per cent fructose in water,

¢ Saotted with both @ ang b,



Cenclizsions

Arn unicentified oligosaccharide is synthesized by Fuszrium

coruir £, cubense fraoi. chemically cdefined media with Uﬁ;ﬂ03
as the niltroje.. source, anc sucrose as the scurce 9f carbon,

Recoimendations

tthether this oligosaccharicde occurs in the vessels of infectec
banane plants renains undetermined, It may be invslved in the
mecnanisia of pathogenesis of the Panema disease, If this is trus,
this .:echanism ey be of im;ortance in the cheoiherapy of this
disease,

“repared by

Zugene [, “ilson

January 20, 1959
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Soil fungi from Virgin Forest Areas
of Tarix 55, Golfito

Background

During June, 1958, Farm 59, Golfito, was being prepared for
banana planting operations, [ative jungle had been fellecd on this
area about five years previously and the secondary growth had been
chopped and burned within the preceding six months, Since plant-
ting operations were about to be undertaken on this farm, it seem-
ed an opportune time to obtain samples of virgin forest soils, for
the purpose of studying the furgal population in such areas, and
comparing it with that in established plantations, Samnles were
taken from four differ:znt sites in the last section of Farm 55, ~
to the Jest of the railroad line, and adjacent to Farm 56, Samp~
ling sites have been marked, in the event that future studies of
this area should be carried out.

—_

rrogress

The soil samples were collected on June 11, in sterile cotton
nlugged test tubes, The tubes were then covered with pliofilm to
aid in retention of soil moisture, and were maintained in this -~
condition at laboratory tempergtures until September 26, when di-
lution plates were prepared, onsicderable drying of the soil
occurred cduring the interval between saupling and planting, doubt-
lessly accom:-anied by alteration of the soil microbial population,

Conclusions

Cn dilution plates prepared from these soil samples, it was
observed that freguently a single organism predominated, <ihis
was doubtlessly a reflection of the sporulating ability of cer-
tain fungi., In general, two types of fungi appeared to predom-
inate among the isolates obtained: (1) Heavy sporulators, such
as Gliomastix, Trichoderma and Penicillium, and (2) Chlamydo-
spore »roducers, such as Humicola., !lo isolates were obtained of
Phycomycetes, which may indicate that the long storage period may
be detrimental to organisms belonging to this group,

Soils maintained in storage in this way would not appear to
be favorable material for guantitative studies, inasruch as rather
high counts were obtained by dilution methods, with generally a
single organism present in high numbers, For example, in a single
1/10,000 dilution platec, 59 colonies of Gliomastix were counted,
In other instances where high counts were obtained, Fenicillium
or Trichoderma was preconinant,
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