UNITED FRUIT COMPANY

DEPARTMENT OF RESEARCH
ANNUAL REPORT
19959

v VOLUME I
DOMESTIC AND BASIC RESEARCH

CENTRAL RESEARCH LABORATORIES
NEW YORK LABORATORY
TRANSPORTATION AND GENERAL RESEARCH
UNIVERSITY AND EXPERIMENT STATION GRANTS






W Z PR <L ol W WV WS e UL wd SOOI A M ST e T WY



: ﬂ#w..r.,.ﬁ._.

-
e




© ANNUAL REPORT

. 1959

CENTRAL RESTARCH I.ABORATORIES

NORWOOD, MASS.



( , | | M|

- g

: i
|
El i
3 . - x -
= - . . ‘
‘
, .
s i J =
y = ¥l ‘
_ E 3 ] . ) & o
- | Pl N ‘ . ! .
o . | )
| : i ‘ 1
i ] A 2% B . . -
: ' - “au " we
: * " ( 1 o EI ) 3
L e : T IN ! o
[ I+ - B . . ]
* i L el : a8
. g I | I » K S5
‘L ) - il B - f L =R et Al
n’“ Py . 1 i ) - = 1 g
a0 - ‘.v = B _\ E - : N = L e
x - S = = b 4 Loels p . s - ; Q
- # " , - . . . . B ‘
v M Ly =" i . = I i N . - ) 0
. : L | :
] * & x .
= | : ‘ jalk ;
| B : . |
" | . o J - _
i . g i b 1 :
- STt | ‘ . .
1 ’ hl]
7 | 7‘ 7 m - -
4 ) | _ ‘
| o ) 5 i 1 N
I 3 ‘ ‘ I ; ] :
= j
N ' !
| = - ‘ i c !
| . ! | . |
_|‘ I I_ = . | |
d - e L
. : ¥ ="
| b
\r \ ol 13 : N i o b ' { e o
. E‘ | g = )
: - r )
- L I . ] o
A [} " 13 ‘r :
' o - Il s - :
i ma
: ' | I . 'Ll
| e
DRt g

~ 1'H



Norwood, Massachusetts

December 15, 1959

Dr. Jesse E, Hobson

Vice-President and Director of Research
United Fruit Company

Boston, Massachusetts

Dear Dr. Hobson:

I am pleased to submit the 1959 Annual Froject Reports
from the Central Research Laboratories.

The year 1959 has been a period of growth - growth mainly
in staff but also in facilities. Our staff at the end of 1958 - about
7 months after activation - consisted of 23 people of whom 13 were
professional and technical. At the end of 1959 our staff now numbers
42 people of whom 27 are professional and technical. This increase in
personnel has resulted largely from a broadening of our research pro-
gram, Thus, three new laboratories have been activated - Anatomy-lorphology,
Biochemistry and EZntomology. With these additions to our staff we have
becen able to broaden our approach to the Fusarium wilt problem. Iost of
our efforts are still focused on this disease. We are now, however,

also working on basic aspects of the Cercospora 1eaf spot and on some
f the insect problems,

During the year, funds were made available to remedy the
main weakness in our facilities - space for growing and experimenting
with plents under controlled conditions. These facilities - a second
greenhouse with four compartments and four small controlled environment
chambers - will considerably broaden our potential contributions to
Company problems when they are compkted in the early part of 1960.

Sincerely yours,

LM il

G. R. Mandels, Director
Central Research Laboratories
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Technical Information Service

le The banana abstracts file was kept up~to-date by continuocusly reviewing
the journals, the abstracting journals, and miscellaneous publications
received at the Norwood library.

2. Monthly distribution of a selected group of current abstracts was in-
itiated to all members of the research staff, consultants, associated
university scientists, and all other interested persons. The first
issue was circulated November 1959,

3¢ The Company files on processed banana products was reviewed and summar-
ized in six catagories: history of past ventures, patents and methods
of manufacture; composition of products, merchandising and applicatiens,
economics, and research. - This material still requires considerable
organization, verlflcation, and edlblng,

he Prepared reports on special request for 1nformation ons

a. The economics and agriculture of tropical spices

be Ultrasonic energy for killing nematodes

ce Methods for distinguishing Antimycoin, Nystatin,
Rimocidin, and Chromin

de A consideration of the equipment and techniques
of the Bertuzzi Company

es The possibility of extending the shelf life of
fresh bananas by irradiation

f+ Anthelminthic activity of Tanacetum vulgare

5¢ Other activities

&, [Established a file and correspondence on various
aspects of the food technology of banana

be Assisted in bringing technical data on banana meal
in animal diets to the attention of the Ralston Purina
Company

¢e Traveled to and reported on: the 1959 Institute of
Food Technolozists! meeting (Philadelphia, Penn.), the
activities of the Quartermaster Food and Container In-
stitute (Chicago, Ill,), food technology at Purdue
(Lafayette, Indiana), and the irradiation facilities
of Curtis Wright (Quehana, Penn, )

d. Assisted in some of the various considerations of the
Chain Belt Company's (Wisconsin) banana powder.

Prepared by
R« G, Wornick
December 1, 1959
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CENTRAL RESZARCH LABORATORIES
Norwood, iiass.

BDF-1-0 (1959 Summary) Physiological-hkiicrobiology Section
fAnnual Project Report 1959

The Role of Bacteria in the Fusarium 4ilt Disease of Banana (1)

Two approaches have been considered in cetermining the role
of the bacteria that are associated with the Fusarium wilt of
panana. The first approach which appeared to ofier a direct ex-—
planation was that of inoculating aseptic susceptible plants with
sn isolate of F. oxysporum f. cubense. This approach was found
to be discouraging as atteripts to grow aseptic abaca and
rapara (husa bulbisiana) from seed met with ounly limited suc-
cess. <The time reguired to frow an aseptic plant was between
2-3 months and plants were not typical and showed a slow, stunt-
ed growth; thus would not be an unbiased sample for pathologica
study. A species of Botryodirlodia was igolated and identified
as a common coentaminant of Loth abaca and banana seed that were
received by these Laboratories, A heat treatment nrcoved to he
effective in freeing abaca seed of this fungus. #Abaca scedlings
were riaintained aseptic-on aqgueous agar in-test tubes,

The second approach is that of applying an antibiotic screen
in the roots of the plant. Vancomycin was tested as such a screen
but did rot fulfill that function. A number of other antibio-
tics are presently beinyg tested, This approach may prove to be
‘the method of .choice in explaining the role of these bacteria,

1, Wilson, E. 4, 1959, The role of bacteria in Fusarium wilt
disease of hanana. 2and Quarter Reports, Central Research
Laboratories,

Prepared El

Eugene !, Wilson !
December 1, 1959
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CENTZAL FESEZARCH LABORATORICS
Norwood, iAass,

FDF-1-10 Phyciological-ificrobiology Scction
Annual Project Ieport 1959

btudiea on the Echavior of lficroconidia
o "userium oxysporua f. cubencge.

o

Backgrouwnd

It is probable that the infcction of banana plants by Fusariuam oxycporum
f. cubense takes place through wounded stelar tlssuo (ucquﬂllu ot al. : O
is reasonable to suppose that germinated or ungerminated spores might be the
CaUual agents and be taken up with the transpiration stream.

In order to develop methods for the control of Tanama Disecase it is
important then that we understand the physiology and biochemistry of the spores.
The following in vitro dudics were vndertaken to develop techniques and to
provide some basic infermation.

PrOﬂ*ev

N bLiPlCUltlea were encountercd in obtaining pure suspensions of macroconidia
or_chlawydosporeg., Macroconidial suspensions aluways contained at least 207
microconidia and an efficient method of separation could not be found, The
chlamydospores cculd only be obtained in aggregates joined by a considerable
amount of mycelium and were not suitable for the type of experiments done.

For the preliminary experiments spores were taken from cultures that had
originally been derived from a single spore culture of isolate 3 (yellow race,
inodoratum from B. H. Waite). 4 “upplj of spores was kept refrigorated in
distilled water for no longer than two weeks. 4 basic nutrient solution vas
used throughout all the studies and was made up as follows:-

"~.,o4 TH)0, 2.22 g., Sucrose, 5.0 2., NH/NO3, 2.0 g., KHyPO,.3.4 .,
¥,120, 1.1 g., distilled water, 1000 ces.

The pH ranged between 5.8 and 6.1,

If incubated in the above nutrient for 6 hours microconidia will swell to almost
twice their original width before germinating. * suspension of macroconidia

was preparcd (this conteined about /40% microconidia) and when incubated in
nutrient they too increased in width but to a lesser extent than the microcon-
idia. Neither the micro- nor macroconidia could be made to swell or germinate
in tap, distilled or sterile water in 48 hours.



w. -

Germination rate in the nutrient solution varied with spore concentration,
lower concentrations germinating much faster than the higher ones, This was
probably due to insufficient nutrient and oxygen deficiency. When the higher
concentrations were incubated in ghake culture there was a magked increacse in
rate of germination (10% at 20x10° spores per ml.) At 1 x 10° spores per ml.
at 25% 10 C, in shake culture, as much as 959 germination took place in 2/ hours.
Microconidia would not germinate wnder anaecrobic conditions in 24 hours but
13% germination did take place in 3 days.

During the first 6 hours of incubation in nutrient solution there is a

- considerable increase in dry weight of wicroconidia. The constituents of the

nutrient solution were varied in order to find their effect on this initial
growth period. Spores for thece experiments were taken from the Clone C
isolate of Fugarium oxypsorun f. cubense (ex. Stover)., At the end of the 6 hour
growth period microconidia were filtered off from the nutrient on lMillipore
filters. The filters werc then dried overnight at €0° C and weighed, the dry
weight being used as a measure of growth rata. Due to the fact that experiments
only lasted six hours it was not nccessary to use completely aseptic conditions.

- The following results are more fully described in the 3d Quarterly Report.

Variations in the concentration of sucrosc and ammonium nitratc had no
effect on the growth rate of microconidia. The following amino acids were
added to the nutrient solution, both individually and combined but with no
effect: - LE

L-valine, L-aspartic acid, L-proline, D-alanine, Dl-igsolg¢ucinc, L-Tryptophan.

The eddition of 2.5 g. per liter Casein hydrolysate however, produced an 187
increase in dry weight. One mg. per liter of the following chemicals were
added to the nutrient to provide additional trace elements:- zinc sulphate,
copper sulphate, mangznese sulphate, ferrous sulphate and boric acid. They
were added individually and combinel but there were no significant increases
in dry weight. A gradual inerease in'pH, from 2.8 to 7,0 coincided with a
gradual increase in dry weight and an addition of yeast cxtract (as low as
1/1000th %) also showed a marked stimulation.

Teplacing the potacsium phrosphates in the solution with sodium phosphates
had no effect,but removing the phosphates altogether and adding potassium as
potassiun chloridc produced a dry weight 327 lower than the control. The
growth rate decreased as each of the 5 constituents were removed from the hasic
nutrient solution. ;

The microconidia werc provided with nitrogen either as ammonium chloride
or as potas&éium nitrate. The spores grown in INO3 had a dry wt., of about 27%
less than those grown in NH,Cl or the control (NH NO0,;). Steinberg (1926,1937)
found that Asper~illis nircer required more nolybdenuin when the medium contained
nitrate rather than ammonium nitrogen. Txperinents were done to sce if addi-~
tional molybdenun might have a similar effect with Fugarium oxysporun f, cubense,




There was no effect at all in the potassiwn nitrate treatiment but in the
: amrponium chloride trcatument ther was a 13,3¢ incrcase in dry weicht over

the treatment containing molybdenum,

Conclusions

Nonc.

Necormendations.

Nore,
by
Prepared by

Alison I, Tletcher

Deceuber 1, 195¢
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CENTRAL RESEARCH LABORATORIES
Norwood, Mass.

EDF-1-20 Soil Microbiology Section
Annual Project Repast 1959

Investigations of Possible Methods for the
selective Isolation of Fusarium Oxysporum
f. Cubenae

Background

One factor that has handicapped studies on the distribution and relative
frequency of F. oxysporum f. cubense in soils has been the lack of selective
isolation procedures. Stover (7) considered the natural soil population of
the pathogen too low for it to be accurately studied by dilution techniques,
and Park (6) has reported similar findings.

A procedure which would permit the selective isolation of F. oxysporum
would do much to further studies on the natural distribution of the fungus.
‘The only method presently available for such studies is the method of incu-
Since this method is not readily adaptable to field situations, other possible
techniques have been investigated.

A, Investigations of extracellular oxidase enzymes of Fusaria.
g J Lusdaria

The production of extracellular oxidase enzymes has been successfully
demonstrated for a number of higher fungi (Nobles (4) and Bavendamm (1) ) and
particularly so in those fungi which cause white rots of wood. Vhite rot fungi
are distinguished from brown rot fungi in pure culture by the ability of the
white rotters to produce a laccase type enzyme which results in a characteristic
discoloration of certain phenolic compounds (Nobles (4) ). The classic
Bavendamm reaction, used to distinguish white and brown rot fungi, is the pro-
duction of brown diffusion zone when the fungus is grown on an agar medium
containing gallic or tannic acid. Nobles (4) has recently introduced a sim-
plified test for the presence of oxidizing enzymes, which consists of applying
an alcoholic solution of gum guaiac directly on the mycelium of the test
organism. The production of a blue color is considered as a positive test,

She found approximately 90% agreement between her test and the Bavendamm re-
action, -

To determine whether extracellular oxidase enzymes are produced by
various pathogenic and saprobic fusaria, and vhether production of such enzymes
might be useful in characterizing pathogenic isolates, a series of cultures
of Fusaria were tested by both Nobles! test and the Bavendamm reaction,

Thirteen isolates of Fusaria were tested by Nobles! method. All cultur
gave a positive reaction, although variation in the speed and intensity of the
reaction occurred among cultures, The same cultures were grown on malt agar coi
taining gallic or tannic acid and the cultures observed for a browning reaction.




-

Brown diffusion zones were produced by some of the isolates, but the results
(in subsequent tests) were erratic and inconsistent. It was thus concluded
that while the evidence indicated that certain Fusaria produced oxidase
enzymes, the rapid test procedures would not be useful in identifying patho-
genic streins.

More refined studies of possible oxidase enzymes were carried out by
Dr. E. H. Buckley using culture filtrates from twenty-seven isolates of Fusarium.
The filtrates were tested for enzymatic activity colormetrically on a variety
of substrates. No characteristic or consistent pattern could be attributed to
pathogenic species however, and it was concluded that such methods probably would
not be useful for the identification of pathogenic species. Substrates oxidized
by the filtrates of Fusaria included catechol, pyrogallol, protocatechuic acid,
phloroglucinol, tannic a01d gallic acid, and DL-dopa. D (-) quinic acid, L~
tyrosine and resorcinol were not oxidized. ,

Subsequent studies have indicated that enzyme production is influenced
by the medium upon which the fungus is cultured. UIhen Colones B, C, and D of
F. oxysvorum f. cubense were grown cn Czapek's medium, the filtrates posseused
no oxidase activity, When glutamic acid was substituted for KNO; in this nedlnm,
filtrates collected after ten days possesseéd some activity. In a recent ex=—
periment growth and oxidase enzyme production by Clone C were compared wnen the
organism was grown on a basal mineral salts medium with glucose, on the basal
medium with malt extract added, and on the basal medium with both malt and yeast -
extract added, Addition of malt extract produced a 15% increase in dry weight
of mycelium; addition of both malt and yeast extract produced a 240% . increase
in mycelial yield, Results of Warburg studies using flltrates from these cultures
are summarized in the following table:

O2 uptake after 90 min,

Basic medium 0% 3ul
" " boiled 23w

Malt extract ) 193wl
" " boiled +5 X3

Malt and yeast extract ifszw
1 1 It n “ boiled bk 3

Oxidase activity of the basal medium filtrate was negligible, #ddition
of malt extract resulted in increased enzymatic activity; addition of both malt
and yeast extract resulted in 130% increase over the addition of malt extract
alone., It is thus apparent that production of oxidase enzymes are influenced
by culture conditions, and it seems likely that adaptive mechanisms may be in-
volved. Qualitative and quantitative differences in nitrogen substrate, above
minimal levels, apparently are not a factor in production of the oxidase enzymes

Conclusions

Oxidase enzymes are produced by many isolates of Fusaria. Differences
among isolates seem to be quantitative rather than qualitative, and it does
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appear likely shat production of such enzymes will be a useful tool in the ident-
ification of pathogenic Fusaria.

B, ##cohol culture medium.

Nokakavukaren and Horner (3) have recently reported that agar media in
which ethyl alcohol is used asthe carbon source permits the selective isolation
of Verticillium from soil, since this medium promotes the development of micro-
solerotia characteristic of this speciess Several clones of Fusarium oxysporum
o cubase were tested for their ability to grow on a medium iq which alcohol
was the sole carbon source. Growth occurred at levels up to 6%, but no growth
was obtained at levels of 7,5% or above. At levels of 4% or above, growth of
tne fungus was markedly retarded. Sclerotial formation and production of dark
blue pigments occurred after about one month. The pigment is pH sensitive, as
‘was reported by Page (5), and becomes reddish purple when NaOH is added to the
culture. Sporulation occurred at all levels where growth occurred.

Alcohol media, ranging from 1 to 4% alcohol content was used to prepare
soil dilution plates to determine whether such media were selective for certain
fungi. At the 1 and 2% levelsabundant growth of bacteria and fungi occurrsd.
Several species of fungi and many bacteria were present at the 3 and L% levels
also; and interestingly, a profuse development of nematodes occurred at the 4%
level. No-significance is attached to this latter observation, however, and
there is no intent to imply that such a medium would be useful for isolating
nematodes. - :

Conclusions

F. oxysporum f. cubense will grow on a mineral salt medium containing alcohol
concentrations as high as 6%. Further study will be required to determine whether
alcohol media will prove useful or selective in the primary isolation of soil
fungi, From the preliminary results it appears essential that bacteriostatic
agents be incorporated into such media to reduce the abundant development of
bacteria that occurs on soil dilution plates.

C. Media withhigh osmotic pressure.

According to ILilly and Barnett (2), "an osmotic pressure higher in the
fungus cells than in the surrounding host cells is apparently characteristic of
the host-parasite relationship". This suggests that perhaps media with high
osmotic pressures may be useful in selectively isolating plant pathogens from
soil, Preliminary studies investigating this possibility have therefore been
undertaken. Studies so far have been restricted to investigations regarding
the ability of F. oxysporum f. cubense to tolerate high osmotic pressure. Re-
sults to date have indicated that spores of F. oxysporum f. cubense will germinat
in three molal sucrose solutions. Growth is very limited. Germination has also
occurred when the osmotic pressure of the medium was raised to over 100 atm. by
increasing the salt content of the medium,




[

- f -
Conclusions

Preliminary investigations have indicated that F. oxysporum f. cubense will
tolerate osmotic pressures of about]l00atm. The possibility that high osmotic -
pressure media will be selective in the primary isolation of soil fungi remains
to be tested.
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Isolation of Nutritionally Exacting
Mutants of Fusarium oxysporuu [.

cuhense.

Background

Cultures of F.o.c. wWere exposed to gamma.radiation in
order to determine the lethal dose for the fungus (cf. Ir-
ratiation of Button Seeds and F.o.c,, Annual Report-1959).
Advantage was taken of this stucdy in that the irradiated
cultures were examined for the presence of possible nutri-
tionally exacting nutants. Since F.o.c. is a non-fastidious
organisint, “iJje., ‘1€ apparentlv has no specif{ic growth reguire-
ments, auxotrophic mutants oI this fuﬂgLs WUUlO he uscful in
a variety of genetic and physiological stucies.

Procress

Eighteen-cday olc¢ cultures of F.o.c. (s Ltaln D) on PLCA
slants were irracdiatec¢ with gawma rays from a Co-60 souice,
anc¢ serial ciluiion plates were nreparec in onavr Lo count
survivors altcyr irradiacvion, Cultures which receivec a
dose of 285 &rud were usecd Lo isolate mutants, since this
was the highest level at which sufficient survivors occurred,
There were sowme survivors at the 570 Lkrad level, bhut the var-
jation bhetween renlicate dilution nlates was rreuta One set
of cuplicate plates from thic cose level was, however, inclu-
¢ed in this stucdy. UTilution plates showing 10-20 ciscrete
coloinies were flooced with a small volume oi sterile waier,
the surface of the plates gently scraped to cislodge spores,
anc the spore susnensions floocec onto nlates containing a
complete medium., A replicator, similar to that described by
Roherts (Roherts, C,F,, Jour. Gen, iicrobiol, 20:540, 1959)
and consisting of -two leucite nlates holding 41 .ressnaker
pias at regularly spaced intervals, was used to inoculate
replicate plates. After good sporulation hacd occurred, the
replicator pins were pressec into a flood plate and a new
complete mediuam plate, the "charge plate", was inoculated,
After the indivicual colonies had developed, a series of
plates containing incoumplete media were inoculated from the
charge plate with the replicator. 'The media used were:
minimal, Czapek's salts plus 1% glucese; complete, m1q1mal



plus 0.5 vitamin-free casamino acicds, O.l% yeast rihonucleic
acid, anc¢ various vitamins; complete nminus sugar; couplete
minus aiino acids; complete minus nucleic acid; ana COmolete
minus vitamins., ﬁfter two days of incubation at 20 2C the
plates were examinecd., If a COlOﬂJ was absent on any of the
inconplete media, a transfer was taken from the replicatied
colony growing on coaplete medium anc placed oa a slant of
complete meciuia. In order to verify the apnarent nutritional
requirements of these isolates, they were stab-inoculated
onto the center of Petri dishes containing one of the follow—
1ﬂ9 riecia: complete; minimal plus vitamins; minimal plus
amino acids; minimal plus nuclelc acids; mlnlmdl aminus

sugar; and minimal, :

Thirty-five colonies which did not grow on one of the
original incomplete media were isolated. When these colonies
were inoculated into the second set of incomplete mecia, all
colonies grew profusely and no difference in growth was obh-
served between the appdrent nutants and non—lrradlabed cul-
tUAGS- - . :

A total of 984 colonles were tesLed for nutrltlonally
exacting mutants in this study and not a single stable mutant
was isolated, The irradiatecd -colonies are now being tested
for possible resistance to antibiotics (polymyxin B, actidione,
and griseofulvin) and other irracdiatec cultures are being
screened for nutritionally exacting lutants,

Conclusions

None

Qecoimencaitions

None

Prevarecé by

G. Stotzky
R+ Goos

Cecember 1, 1959
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The Density of iiicro- and ilacroconidia
of Fusarium Oxysporam f, Cubense

Introduction

Cbtaining nhemegenous preparations of spores, i.e. micro-
-conidia, macroconidia, and chlamydospores, has been a major
concerii in physiological studies of these spores, iuicro-
conidia may be obtained in homogenous preparations from col-
onies after 4-5 days' growth, 'These colonies are from iso-
lates that tend to procduce a prevalence of microconidia and
generally produce macroconidia in sparse numbers after 10-14%
days. Preparations of 80-35 per cent macroconidia may he ob-
tained from pionnotal isolates of this fungus. -

Conidia can bhe obtained free of chlamydnspores by har-
vesting them from young cultures on rich medium hefore chlamy-
Gospores are formed. A méthod for obtaining a highly homo=
genous preparation of chlamydospores consists of washing the
surface of colonies grown on V=8 juice agar and homogenizing
the mycelia that can be peeled -from the surface of the medium,
The homogenate is filtered scveral times through a cloth fil-
ter, The resulting chlamydospores are then washed by centri-
fuging them three times in water, '

&s a method for separating microconidia from .racroconidia
nas not been described, the present study was made to determine
if these two spores could he separated on the basis of differ-
ence in spore density. :

™

Lxperinments and Results

#fgueous suspensions of micro- and macroconidia were added
as upper layers to aqueous solutions of sucrose (2-70 per cent)
in 5.5 c¢m plastic tubes and then centrifuged for 1 hr, at 0°C,,
at c.a, 25,000 x g.

Conidia in the upper layer on 20 per cent aqueous solution
of sucrose were forced to the bottom of the tubes, Conidia in
the upper layer on 50 per cent agueous solution of sucrose re-
mained at or near the position where they were placed. DBetween
concentrations of 20 and 50 per cent there was a decrease in the
nunper of conidia that occurred in the bhottom of the tubes and

an increase in the number that occurred in the upper layer of the
column (Fig, 1),

ilicroscopic exauination of these conidia showed that micro-
and macroconicia occurred in both the upper and lower layers of
spores in these solutions,
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Conidia germinated on a potato dextrose agar surface after

exposure to the centrifugal force and to the osmotic pressures
of 70 per cent sucrose,

Discussion

Based on the table of density and vis?osity of aqueous
sucrose solutions given by de Duve, et al,' the density of these
spores varies between 1,09 and 1,24, ilicroscopic evidence in-
dicates that both types of conidia vary within this range of
densities,

These ohservations indicate that separation of microconidia
from macroconidia on the bhasis of difference in densities is not
possible,

Recommendations

A method of separation based on difference in shapes of
the spores apparently merits consiceration,

de.Duve,-C;, J. Berthet and H. Beaufay. 1959. Gradient
centrifugation of cell particles. Theory and applications,
,PnogrgssAin Biophysics and Biophysical Chemistry 9: (P.357),
325-367.

Prepared by
Eugene #i, Wilson

December 1, 1559
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servations on Variatvioa in
musarium onysporud I. cubense

Sackyrounc

Accorcing to revisions pronosec by Snyder and Hansen
(aii. J. Botany 27: 6467, 19&0) 25 plant parasfites of the.
Zlegans fusaria were conbined into one mornhologic species,
Fusariuwa oxysporuw Schl.,  ariended to agree with the descrin-
tion of section Elegans by Yollenwebher (Phytopath. 3: 24-50,
1913)« To conveniently systematize narasitic variaition with-
in F. oxysporun, :formae sncciales were then erccted on the
hasis of pathogenicity alone, Thus, f. cubense couprises
that genetic potential of I, oxysporun narasitic on ilusa
spp. :In all respecis other than pathogenicity, f. cubense

‘coincices with F. oxysporuii as well &s all other formae

sneciusles within F. oxysporun.

The foregoing concept does not resolve the classifica-
~tion of variants within F. oxysporw: f. cubense, If I.
cubense is culturally identical to F. oxysporum, anc there-
iorc to the 10 species, 18 varieties, anc 12 forus of section
Elegans, this admits to consicderahle potential culiural var-
iation within £, cubense. *hile identification of the snecies,
varieties and forus 0f section Elegans hy cultural attributes
generally has bheen abanconed in favor of hosti pathogenicity
alone, the use of cultural features has persisted in the icden-
tification of variants of £, cubense, Thus, because of cul-
tural cifferences in isolates of I. cubcnse variants are
comaonly recognizec; subsequent tests of relative virulence
of variants are then used to "prove'" that the cultural var-
iants were actually cififerent in a pathologic or economnic
sense, #As well, the organism is still commonly wmaintained
anc increased in culture as a siep in subseqgueni proof of
relative pathogenicity or of some other specific physiological
aspect., During the past 40 years emphasis has been placed
0 ocor,. pigmentation, ancd the wmanner in which spores are
borne, as criteria whereby sirains of the banana-wilt Fuasariun
have been classified in culture. +These criteria and others
were exawined in the present study in an attempt to clarify
the dileuma of strain identification in F. oxvsvorum f.
cuhense, Bl




Progress

Cbnes used in the present study were obtained from
Dr. R. H. Stover, Honduras, aad iir, B. Waite, University
_of California, Berkeley. The clones obtainec irom
Pr. Stover werec designated A, B, C, I'; and E; and were
described in the Can., J. Botany 32 245-2559, 1959. The
clones obtainecd from lr., Waite were cdesignated 1, 2, 3,
4, and 5. Clone 1 was a sporocochial tyne, that is a
non-mutated tyne in which sporocochia were procuced sep-
arately on the mycelium. Clone 2 was a "first stage"
mutant in which sporocdochia were less distinct and were
procucecd in uasses, if at all., Clone 3 was a white my-
celial type without sporocdochia and was con51mered to bhe
very stable anc¢ does not mutate to clone or 5. Clone 4
was a piguentec webby mutant, anc clone 5 was a pionnotal
type having little or no aerlal myceliuin, sliimy in char-
acter, and produced readily from clone L, Trdnsfers of
these cultures were maintained on 2% water (Bacto) agar
hy meuans of mycelial transfer taken from the margin of
_Petri-plate cultures.

Progress reported herein is concerned with observa-
tions on various cultural aspects used to "identify"
clones or variants.

1. Pigment:- Snyder and Hansen (Am, J. Botany 27: 6467,
1940) state that "Undoubtedly the striking nature of cer-

tain cultural characters, especially pigmentation, has
overly influencec those who would classify these /fusaria/
fungi." Piguentation has been used in the classification
of Elegans fusaria and thus £, cubense. In the present
investigation pigmentation of rice agar by 10 variants

of f, cubense was stucdied, Pigmentation om rice has been
used in icentification of variants of f, cubense during

40 years. When single spores are germinated on rice agar
pigment procduction was first apparent in variants A, B,

C, 4, and 5 within 3 days following incubation in darkness
at 259C; slight pigment nroduction was apparent in varlant
2 hy Lhe 7th day.of incuhation,

The color of the pigment was observed to vary
from the center of an agar plate culture to the outside.
The color ranged froiw: blue in the center to purple, red-
brown to pink toward the outside of a colony, This range
in color was ascribed to pH, It was determined that the
pigment in rice agar was red to pH 6,2 - 6,6 and blue at
pH 7.0 - 7.2,
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It was noted that the aerial mycelium was not
visibly pigmented even though the rige agar substrate
was darkly pigmented. ilycelium growing on steamed rice
in flasks was observed to be stained blue, adjacent io
the pigmented substrate, while other aerial mycelium may
not be visibly pigmeniecd., Since a sharnly defined margin
existed between some pigmentec¢ anc non-pigmented hynhae,
such hyphae were ecxanined under oil immersion. DPigment
was observed to be superficial and on the wall surface,
particularly at the interface where two narallelhyphae
were in contaci. Allhough vascuoles in chlaiycospores
were ohserved 1o he nigrented other iniernal pigmeniation
of the organism on rice was doubtful, :

On rice agar pigmeat is nroduced in the suh-
sirate, the walls of the rice kernel fragments appecaring
most darkly colorecd.

A red pigment was reacily extracted from rice
agar with acetic acic. Couzionly the agar was genily
nelted and the pigment extracted with glacial acetic
acid. 2:1 (v:v), HAc:lgar. The red nigaent was insoluble
to very slightly soluble in water,ethanol,petroleum ether,
acetone, chloroiorm, ethyl acetate,n-butanol,anc¢ cilute
MaOH; the vigiment wac soluble in 6 N HCl. The cruce nig-
ment was found to contain a water extractahle yellow pig-
nment .

i1l and MNord (Archiv. of Biochem, 4: 419-433,
1944) consicdered that the pignent, ru.‘)rofusar-i_nl procuced
by F. graminearws was either 2,8-cihydroxy-1l-methoxy-7-
wethyl- or 2,3-cdihydroxy~-8-methoxy-7-uecthylxanthone., The
possible structure was bhasec on comparative spectroscopic
studies with other xanthonesa

Spectral analyses of the pigiient in acetic acid
showed absorption inaxima at 270 mp and at 485 i, Wolf
(Bul, Torrey Bot. Club 82: 343-354, 1955) showed maxima
at 265 and 500 mp for a pigment isolated from F. oxysporum
var., nicotianae which was considered to be in agrecment
with the specirum obtainec¢ by ifull and Nord (1075 anc 1350
fresnel) for rubrofusarin.

The intensity of pigmentation of rice agar varied
with the variant producing the pigment,

\
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Table I

elative Density of Pigment Procuced by
Ten Varianis of F. oxysporum on ilice

Optical density of pigment solution*

Variant 7 day culture** 21 day culture

Ck. (acid extract

of rice agar) .005 -

A | .91 +++ 1.9 +++
B 1iQuabtt 2,0 +++
c LeGhadd 2,0 +++
D .015 + .365 +
D 017 + 57+
1 .015 + | .335 +
2 « 133 # - ' JL470 +
3 .023 + .285 +
L 62 b ‘ 1.2 ++
2 L35 2,0 +++

*Cetermined at 500 mu.

. ¢ ' o
*¥*Cultured on rice agar in cdarkness at 25 C,
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It is apparent that variants A, B, C, and 5 are
nore darkly pigmented than variant 4, which }s.more darkly
igmcnted thqn vaglgnts i &5 3! D, and E: while a dlchqtomy
might be indicated if one were in possession of only variants

5 and %M9§F§}innd [, for exauple, a range in pigmentation
more closely characterizes the 10 variants examined.

~ Pigwentation was used to broadly characterize 3

single-spore colonies developed on rice agar following
ijnoculation with spore dilution taken directly frow the
host. 7The technique is limited unless one consicders the
extreies of piguent range, i.e., red vs. very litile pig-
sentation. In spite of this, so-called white and red var-
jants of I, exysvorui have been used elsewhere in studies
of heterocaryap formation and recovery of "original" marked
varianis.

o, Odor:— The presence or absence of ocorous volatiles
has been used as a criterion whereby variants of f. cubense
have keen segregated dichotomously in vitro., If an odor
was present attempts were nace to define it, freguently by
comparison with some familiar ocorous substance, As a
—pesuli,. at. _least 12 ocors have been referrec to in cultur-
ally defining I. cubense.

Unsaturated volatile compounds decolorize agueous
solutions of KilnOy, the rate of color loss cdepending on
solubility and concentration.  In these studies, a dilute.
K.in0Oy, solution (0.001 M) was used and the gain in opacity
to light (425 rp) was wmeasurec colorimetrically. An "ocor-
atua", D, ancd an "inocdoratum'", B, variants were cultured
on siearie¢ rice, 50 ¢/150 1l H,9/500 ml flasik at 30°C for
14 days. [lasks were invertec¢ over tubes, each containing
25 il KilnOy solution while the permanganate solution was
constantly stirred by means of a magnetic stirrer,

Table II

iteduction of KimOy by Volatiles Produced by "Odoratum"
and "Inocdoratuwm" Variants of T, oxysporur on Rice

Change in Opacity with Time (minutes)

Variant O 15 30 L5 60 75 90 105
Consrel" ' 2,0 “Z0 9.0 20 27,0 7.0 .5 Ta5
B Zad 51 9.5 2 S, 20,59, 230, $8,0. .1, 55.0 62,0
L W0 5 g8 0 mEsl I NE O L RO TR R O 900 95.0
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The results presentcd in Table II indicate that
an oxidizable volatile compound was evolvecd by both var-
iants. All 10 variants procduced nore or less odor which
wakes untenable the vreseint basis for division of variants
of . cuhense into 2 clonal ¢groups or cultivars cdesignated
"inocoratum" anc "ocoratum'. If ocor could be convenicatly
characterized, jualitatively ancd quantitatively, it is an-
parent that it is aa unsuitable criterion in édistiaguishiag
beiween 2, or wore colonies ia a single culture vessel.
The inconvenience of this criterion was evident in assay-
ing variation anongst nuuerous colonies, arising on dilu-
tion plates of sporecs obtained cdirectly from infecied
plants. :

3. Cultural Irteraction:— “The nhenouecnon of "cultural
interactioi (Figiire 1) has been Zurther examinec. Var-
iant 2 was single sporeC successively 3 timecs-on 25 water
agar. The {inal colony was nermitied Lo grow to anvroxi-
iacely 1 cm in cdiaineter and was then hyphal-tipped. - 3ix
hyphal~tip: transiewrs were then . arranged radially, regui+;
¢istant fromn each other, .and 35 mm cistant froix a ceatral
noint of iroculation. A precictaicle pattern of ‘Mcultural
interaction" was incuced (Figure 2). Since chis paviern. .
is reprocucible, i.e., between 12 nairings on each of 3
plates iroculatec, it is iaci cative ol ‘m~1q“1ty hetwecn
colﬂaluo arising frou u siuyle spore of wvariant 2, Cul-
tural interaction has ulso heen cemonstrable by pairiag
single snores of variani 4, anc kb, ‘

Culeural interactionvuay be rathce sharnly geiinec
as ldustdatedy oy it ssayibe esgeiadlly 1nolﬁt¢uuvlshuﬁle
cnla.ies ovcrgrnwiad Vach other witlrout annarvent uJbC]lul
srnergic iresponse., - "Culiural interacivion™ has bheen used
as a cisgansiic toal o Clgc&ubuiol between variants. In
ihe erauunle nreseuniecd the recnouse has been cdemonstrucec
Within o/ vagiantaviSince "eultoral cinteraction gy voccar
whew a1 thve pulbhe 01-44\1¢redb1y ulike variants are pairced,
its usc as a Ciagnostic tool in Cistiuguishing variants 1s
guestigazabile

by Sinhvdpdy Paiierpsi-.. ihe Ifallute to saiisiadciorily

ity warigals DY slassical criveric Yed to the appdis
on of paner nartition chrouatoyirathic technigue in the
ay oi ninaycdrin reaceive metabolites. It was honed that
Jitative and guantitative cifferences in the nrocuction
such aetabolites, i.e.; free anino acids, uwight neruit
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clfferertlatlon of variants, [rom a previous investigaiion
of fusaric acid production, it was apparent that quantita-
cive differences existec amony strains in the pgocluction

of this organic acicd. By examination of & or 10 substances
simultaneously on a chromatogran, it was considered to he
possible to “ITingerprint" a variaat.

Although culture techniques werec mocdiliec frow
time to tiile, the technigee to be described was found
fatisfacto“y. Because of &he unequal evaporation losses
fron pluggecd fldSnS' an¢é the tine required for nroduction
of aoequuhe quantities o amino acids in a relaulvely
larger volu“e of culture solution, flasi cultures were
abancdoned in Iavor of micro cultures, accordingly, tubes
1.0 em (0.0.) x 4.5 em were charjyed with 0.5 wl of the
following iedium: 50 g d-glucose, 10 g NHyNO;, 5 ¢ Gl,F0,
2.5 G gS047H50, 20 mg FeCly.6H,0 and distilled water to
1. liter., Aiter sutoclawving, tubeg were inoculated with
single spores of variants which hac¢ »een waintained on
2, water agar. In & typical experinent, at least 10 repli-
cations of each of 10 variants were incubated in a water
hath in darkness at OSOC for 10 cays. iiicro tubes were
not pluﬁged cduring incubation but were held erect in a
covered vessel,

Ten microliter aliguots of neat filirate from
each culture were spotted on hatman No. siltér paper.
Chromatograms were irrigated with n-butanol:acetic acic:
water (4:1:5, by voluiae) for 16 hours (descencing), cried,
and irrigsied a second time. 'rhe usual nrecautions were
tcken to insure stancard concditions. Circular, asceading
anc 2-dimensional chronatographic technigues were also
usc¢ when convenient, '

While acumissably one- dimencional separaiion coes
not permii accurate qualitative evaluati on, rewrocucihle
cifferences in ninhycrin reactive patiterns are illustrated
in Pigure 3. Such patierns sguccest that the wvarignis ‘are
Quantlodblve]J it 1 rent anc icentifiable, However, fur-
ther research has indicaiecd that while varicats may exhibit
gquantitative differcnccs, such c¢iflerences are not suifi-
ciently cdistinci to permit nosiitive icdentification., This
is illustracved in Figurve Y% in which 9 single-spore laOluuC°
of a single variunt, culvuréc urnder icentical condiui ions,
exhibit ¢ =unge i nichydrin patrvern. By examination of
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several hundreds of such patterns, it was consicdered that

the range was such as to preclude positive senuratlon of
vurlaan.

The free amino acic¢s procuced by the 10 variants
examined appear to be qualitatively similar.

The free amino acicds within the mycelium and in
the filtrate are listed in Table* 111,

Table II1

irce Aimino Acicds in Culture Filtrate and
dycelium of [, oxysvoruu ‘

Amino Acid Filtrate : iyceliunm
Allanine e 0o Loy . T
Arginine el -
Aspartic acid e, , 2ot o5 Hu

Cysteiec acid

Cluiawic acid ++ 3k L A e
Glutainine »e . Al o+
Glycine + +
Leucine (Isoleucine) %
Lysine \ ++ ‘ +
Phenylalanine ‘ -«
Froline i
Serine +
Threonine =+ st
Valine ot et
Unkrown I Frbrk
Unknown II +

*Relative to ninhydrin reaction snot,
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‘The unknowns found in filtrates of all clones
on heating with ninhydrin gave first a yellow color, then
grey and finally purple as per nepticdes in which glycine
carries a free amino group. Both unknowns fluoresced
ye llow uncder ultraviolet.

5, ndscellaneous:- Variant B exhibited a markecd toler-
ance to zinc when grown on an agar mediun with soluble
starch as the principal carbohycdrate source. 'lhereas the
mean colony diameter of 9 other variants wags 5.0 ma after
5 cays' incubation, the colony ciameter of the B variant
was 33.0 mm on a level of 160 ppm ZnSO,. There is no
conclusive evidence that B variant is pathogenic to Gros

“lichel banana.

Conclusions

l. Ocdor was procuced by all variants investigated
making untenable the category "inocoratua'.

2, "Cultural interaction" occurred when single-spore
cultures of variant 2 were paired. '"Cultural _
interaction" incdicates similarity and is thus of
doubtful value in differentiating pairs of sup-
posedly cdifferent variants. e

3. Assays of pigment and amino acids, diffused from
variant thalli of single-spore origin, incicate
that variants overlap wmarkecly. It is noi evi-
cent how isolates of . oxysnoruwm frow bananc
can be place¢ into well-cefined categories by
any of the critcria investigated,

necommendations

1, It is recommended that the classificatory systeu
which incorporates the concept of degradaiive
variation, ZIrowu the snorocdochial to ithe nionnotal
concition, be usec¢, until nroven unsatisfaciory.

2. Because of the immortance of strain icdentification

in £, cubense, it is urgec¢ that the ctudy be con-
tinued,-

Prepared hy

Q¢ T, Page
Cecember 1, 1959
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CENTRAL RESEARCH LiBORATORIES
Norwood, Mass,

s Soil Microbiology Section
BDF-1- Annual Project Report 195¢

Antibiotic Screening Program

Background

A number of antibiotic compounds have been tested for activity against E.

o f. cubense and Pseudomonag solanccearum using the assay disk method.
;he compounds tested were obtained from the Case Company, who supply the anti-
biotics as assay disks of "high" and "low' concentrations.

Progress

Tests with Fusarium were carried out 23 Czapek's agar, those with Pseudomona
on a casein hydrolysate -~ glucose - peptone medium. Results with the "high" con-

-

centrations disk are summarized in Tabls I,

Djameter of Inhibition Zope*
No. Compounds ‘Copnc. (High) Fugarium ~ Pseudomonag
1 Streptomycin (dihydro) - 10 maj. — . Slight
2 Kanamycin ’ 30 ned, ——— 15 mm
3 Penicillin © . 10 ynits —— ———
L Novobiocin 30 met, —— 15 mm
5 Sulfarerazine 300 ey, Slight 35 mm
6 Isonicotinic Acid Hydrazide 245 ncii. —— eeee—
7 p-aminosalicylic acid 0 mez —— me———
8 Viomycin L0 —— —————
9- Terramyein 0 i ———— 15 mm
10 Neomyein 30 1 ———— - Slight
1t Erythromyein ——— 14 mm
12 Furoxone ———— e
13 Thiosulfil S, 37 mm
14 Mandelanine e 27 mm
15 Sulfathiozole 0 neor ——— 40 mm
16 Sulfamethoxypyridazine 3C0 o, Slight 38 mm
17 Mycostatin 1G0 units —— Slight
18 Oleandomycin 5 1meg e —— Slight
19 Carbomycin 15 eg. —— Slight
20 Aureomycin a2 —— 25 mm
21 Chloromycetin ———— 15 mm
22 Elkosin 3C0 meg. B 33 mm
23 Bacitracin 1C units ——— -
24 triple sulfa 3C0 mog. Slight 35 mm
25 Ristocetin 3C mog. — e

26 Furadantin 100 mog. —— | emm———



- IR

No, Compoundsg Conc, (High) Fugarium Pseudomonasg
27 Polymixin B 300 units 9mm @ —ee—-
28 ‘ Furacin 100 mcg. —— 15 mm
29 Sulfadiazine 300 meg. Slight 30 mm
30 Tetracycline 30 mecg. ——— 25 mm
21 - Gantrisin 300 meg. Slight 35 mm

* Assay disk diameter equal 7 mm., Measurement is for diameter of zone across assay
disk.

Cone o)
None.
Recommepdationg

None .

Prepared by
R. D. Goos

December 1, 1959
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CEMNJRAL RESTARCH LABORATGRIES
lorwood, ilass,

BDF-2-0 : S0il licrobiology Section
annual Project Report 1959

Survey of the illicroorganism of Bapana
50ils: Use of Soil Immersion Tubes,

Background

pilution plate methods of enumerating soil fungi isolate
orimarily species that sporulate abundantly or which are rapid
growers, The specigs developing on dilution plates may not be
physiologically active at the time of sampling, but may be
present abundantly ouly as inactive spores, resulting in mis-
interpretation of the fungal ecology of soil,

Various technigues have. been explored for the purpose of
enumerating the fungi which are active in soil metabolic »nro-
cesses, and these have resulted in lists of species which are

not frecuently isolated from.soils by dilution technigues

(1, 2, 3)+ One such procedure employs tubes filled with au
appropriate mediuny, and with small openings in the sidewalls.

(2). Fungi growing through soil grow into the holes and are
isolated from the tubes by subsequent sub-culturing., This

technigue has shown some success in the isolation from soil of
plant pathogens, such as Rhizoctonia sclani, which, though
present abundantly in some soils, are seldom isolated m di-
lution plates prepared from these soils. (4).

4s part of a general survey of the microflora of banana
soils, scil immersion tubes were used in an attempt to 1)
isolate fungal species not obtaiuaed on soil dilution plates,
2) derive some information on the species actively growing in
these soils, and 3) determine if the type of fungi in the root
zone Giffers with variety of bananas, '

Progress

Bored plastic test tubes, 19 x 110 mm,, covered with
elcctrical tape (%), and ccntaining one of the following
agars: A) water, B) Liartin's, and C) ilarmsen's cellulose were
placed at depths of (1) O-4, (2) 6-8, (3) 14+-18, (4) 28-32,
and (%) 38-%42 inches in the root zones of Lacatan, Grand Hain,
and Gros wiichel bananas located in the variety plots in Guar-
uma II Farm, La Lima, Only one plant of each variety was used
due to the limited number of immersion tubesavailable, The
tubes were left in contact with the soil for two days, then
wrapped in aluminum foil and flown to the Norwood Laboratories,
Prior to analysis the tubes were placed in a deep-freeze for
10 duays. Exposed sections of the agar cores were sub-cultured
on murt{n's medium and the fungi identified, 3o0il adjacent
to the imuersion tubes was collected and sent to Norwood in

- bPolyethylene bags for analysis hy dilutien plate technique,



™

The fungi obtained by the latter procedure have not yet been
identified, and a comparison of species isolated by the two
techniques is not possible at this time,

Table 1 shows the species of fungi and the media on which
they were isolated from the immersion tubes. Table 2 presents
the total number of fungi isolated by the dilution plate method
from the soils adjacent to the immersion tubes,

This was a preliminary experiment, not yet completed, and
no conclusions can justifiably be drawn, Several observations,
however, can be mentioned. No fungi not commonly found on soil
dilution plates were isolated in the immersion tubes, On the
other hand, Trichoderma, Gliomastix, Aspergilli, and Penicillia
which were profusely prescnt on the soil dilution plates were
absent in the immersion tubes, This suggests that these species
probably were not actively growing in the soils, but were present
-primarily as spores, Storage of the soils may have increased
sporulation (cf. Fungi of virgin forest areas of Farm 55, An-
nual Rpt., 1958 and ilicrobiological investigations of "long" and
"short" life soils, Annual Rpt. 1959). Identification of the
fungi isolated from the soil dilution plates should clarify
-these -assumptions, These tentative results agree in general with
those obtained by Stover. (5).

Conclusions

None,

Recommendations

Further investigations are warranted,

Selected eferences

1, Burges, Alan, liicro-organisms In The Soil, Hutchinson Uni-
versity Library, London, 1958,

2. Chesters, C.G.C. A contribution to the study of fungi in the
soil, Trans, Brit, Liycol., Soc. 30:100-113, 1948,

3« Chesters, C.G.C,, and Thornton, R.H. A comparison of tech-
nigues for isolating soil fungi, Trans, Brit. iiycol. Soc.

39:301-313; “1956.

4, ilueller, X.E., and Durrell, L.W. Sampling tube for soil
fuangi, Phytopath, 47:243, 1957,

5. Stover, R.H. Growth and survival of root-disease fungi in
soil, In ?lant Patholoqy, Problems and Progress, 1908-1958,
The Univ, of disconsin Press, i.adison, t/is, 1959,
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G, Stotzky, &, D. Goos
vecenber 1, 1959
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Table 2, Vertical distribution of fungl in soils supporting three

varieties of bananase.

bep’ch

Lacatan Grand Nain Gros ldchel
No./g. soil
0=41 113,600 109,000 113,000
6=-gt 131,000 8,600 192,900
14~-18" 37,000 *® 13,700
28=32n 5,100 4,300 W
38~4,2" 19,300 30,000 2,500

*® A1l plates

overgrown with colonies of Trichoderma.

% All plates overgrown with colonies of Trichoderma and Gliomastix.
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«tudies of Rhizosphere Fungi in
Long-life and Short-life Soils.

Background

As a result of investigations into the relationships of
soil types and the occurrence of Fusarium wilt, the concept
of "long-life"” (resistant) and "short-life" (susceptible)
soils has developed, According to the review by Stover (4),
various investigators have attempted to relate differences
in these soils to such factors as soil pil, scil texture,
crainage, or to other physical and chemical properties of
the soil. The present investigation has been undertaken to
determine, if possible, whether or not differences in these
soils might not be reflected in, or related to, the microbial
“population present in such soils. The present report consti-
tutes a preliminary surmary of a study made in Omonita Farm,

The soils of Omonita Farm are classified as long-life
soils. They are of alluvial origin, of sandy loam texture
and¢ excellent friability, even to denths ol 40 inches. This
farm has been in continuous bhanana procuction for many years,
Ouonita Farm was selected for this study since it seemed prob-
aklc that the organism found in association with banana roots
in such long estabiished plantings niay perhapns be cornsidered
typical of those normally cssociated with bhananas. It is be-
licved that a study of the fungal populaticns of an area such
as Cmonita Farm will provide data which will be of valuc in
future comparative studies since it will aid in the character—
ization of the rhizosphere and root surface fungi in estabiished
banana plantings,

It should be noted that insects of the genus Scantocoris
were found in the-vicinity of the roots used in this study, par-—
ticularly in the casc of roots collected below the 10 inch level,
Timonin (5) has shown that vclatile vapors procduced by these in-
sects have an acdverse effect on s50il funygi in culture, and it is
nrossible that their presence may have had some effect on the
activity e¢f fungi in these soils,

onqress

Roots were collécted from a mature healthy barena rat on
J?%Y 19 and 16, 1958, A %' x L4' excavation was made on one
side of the mat, and as the roots were exposed, they were removed
1 [ '




-

with acucring soil and placed in stecrile culture tubes., toots
were collected at four different levels as shown diagrammati-
cally in Figure 1., &£t euch level, coilections were made of bhoth
fleshy wain roots ana oI fibrouas lateral roots in order that micro<
bial populations around the two types of roots could be compared,
At the surface and at the 10" luv&l, it was possible to collcct
lateral roots from the same root from which a fleshy root sample
had been taken, At the lower cepths, however, this weas
due to the scarcity of lateral roots. Therefore, ccllections of
fibrous roots at 27" and 36" levels represent composite samples
removed from several different fleshy roots. It was possible to
determine the distauce from the root apex at which the flesny root
samnles were taken ifor collections at the upper layers, but such
determinations could not be wade for roots at deeper levels since
it was not possible to follow these roots to their growing points,

The tyre of root, and the level at which collected, are
sumnarized bkelow:

Foe Flesny root segment taken approximately 10 cit.
from the root tiz, from surface layer.

B. Fibrous lateral rootlets of the fleshy root from
which Sample & was taken.

C. i:ature area of the same fleshy root from which -
Jalplv A was taken, renovej approxinately 1 foot
from the rhizome.

D. TPibrous lateral roots, from the same fIcshy root
from which Sample C was taken, removeG approximately
12 incies Zrom the riaizome,

£, TFlesay root segment, from the 10" level, about 15 cm.
from the root apex,

' Fibrous lateral roots irom the same fleshy root from
which Saaple D was taken,

G. Seguent of a.fleshy root collected at the 27" level,
1. Segment of a fleshy root collected at the 36" level,
. Fibrous lateral roots collected at the 27% level,

. Fibrous latsral roots collected at the 36" level,

s not nos51bh
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wach sample was handled according to the following procedure:

The roots with adhkering soil were wcighed, aZter wh@ch they were
laced in 250.m1. fla§ks containing 100 ml. of styylle water and
washed. Washing consistcd 9£ five minutes of shaking by hand,
mhe roots were restoved to §uerlle toweling, blotted_dry, and
weighed, ‘ieight of the rhlzoiphere soil was determined by evapor-
ating the soil suspension to dryness at 105° C., and subtracting
the weight of the previously tared flask from that of the flask
and dried soil. No correction was made for the soil removed in
the preparation of the dilution series,

The washed, weighed roots were next placed in a 250 ml, flask
containing 100 ml. of sterile water and 10 gms. of white sand,
The roots were given a five-minute wash in the water-sand mixture
by shaking gently with a circular motion by hand,

Foilowing the sand wash, the roots were renoved to sterile
reiri dishes. The cortex was removed from the fleshy root seg-
ments by means of a flamed scalpel. The cortical and stelar tis-—
sue were then macerated separately in 100 wml, of sterile water in
s ilaring blencer, Since the fibrous rcots are too delicate to
perimit removal of the cortical tissue, these roots were nacerated
directly upon removal from the sand wash, The rhizcsphere soil
suspension, the sand wash suspension, and the macerated roots
suspensions were used to prepare dilution plates,

Control soil samples were obtained at each level at which
collections were made, These consisted of a sample of approxi-
mately 20 gms. in which no kanara roots were growing. Sanples
were also collected for the purposes of cdetermining soil moisture
content at the dififerent soil levels, :

Dilution plates for fungal counts were prepared with Lkartin's
rose bengal agar; plates for bacterial and actinoniycete ccunts
were vprevared with soil extract a (1% gl 17 veast extract
. IS e L o o in Lo gaP /0 g UC050| Ve Jead ex acv.
900 mi, water, 100 ml, soil extract, prepared by heating 1000 gm,
soil in 1 liter of water, and filtering). All plates were incu-
hated at 30° C., in the dark, Fungal counts were made after Y days
of incubation; bacterial and actinsmycete counts after 1 weel,

Fungal isolations were made from a dilution plate of each roo-
or soil sample, & plate which contained 20~30 colonies, and which
appeared to be representative of the fungi present in that sample,
was selected, and all colonies present were transferred to agar
slants, ihen several fungi of the same species were encountercd
1n the same plate, and were readily icdentifiable as the same speci
a single isolation was made and the number of colonies oi that typn
was recorded, Icentification work was done with cultures grown on

dainieal agar, Czapek's agar, glucose-~peptone agar or malt-peptone
agar,



Results

The numbers of organisms cccurring at the differing sampling
sites is presented in Tables I, II, III, and IV, In general, they
fall within the ranges re"orted for temperate soils (1). The num-
ber of organisms declines with the increasing depth of the sanple,
as is generally reported in studies of this type. By comparing
the number of organisms present in Samples A and C, and B and D,
it is readily apparent that the numbers are higher in older por-
tions of the root, Ii Table I and Table IV are compared, it is
also evideant that higher counts were obtained from rhizosphere
soil than from control soil,

One would have expected that few, if any, organisms would
have been isolated from decorticated stelar tissue, However,:
rather high countswere obtained, and it seems probable that these
tissues were contaminated durlng removal of the cortex.

A total of 268 fungi were isolated in this study; of these,
81 have been only tentatlvely identified or are forms wnich have
failed to sporulate and cannot be identified, A list 6f the fungi
identified and the sample or samples from whlch they were 1solated
is given in Tables V, VI, VII, and VIII, ‘

It can be seen in Table V that certain fungl were found only
on the root surface or in macerated roots, while others were found
only in rhizosphere soil, Certain others, e.g. Cephalosporium,
Cladosporium, were isolated from all three sauple. sources. The
root surface, or rhizoplane fungi, and the possible root-inhabiting-
fungi are of particular interest, since these organisms occur in
the environment in which pathogenic fungi must successfully coempete
if they are to invade the root., It is of interest that fungi such
as Fusarium episphaceria and Cylindrocarpon were found only in the
rhizoplans or in macerated roots, and were not found in rhizosphere
soil, Other fangi, e.g. Venicillium lilacinum, Trichoderma viride,
were found in the rhizosphere and rhizoplane samples, nput were not
found in macerated roots, &any of the organisms 1sol ted from

macerated roots (Phoma, Pyrenocheate, Periconia, Fuscrium gl sphaeria)

belong to genera which have been rcported as root parasitic fungi,
It is possible that taey may be present as pavasites o hanana roots
althcough no evidence was obtained tc indicate that this is the case,

It would apnpear, on the basis of their limited occurrence, that these

fungi may be root-icnabiting fungi although further studies are
required before such conclusions can be justiiied,

Certain fungi were isolated from all sampling depths, These
include Absidia, Verticillium theobromae, and Phialophora, Phialo-
phora.sp. was particularly abundant at the lower levels,
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other fungi occurrqd in fairly large numbers at a single
sappling site, Of particular interest is the isolation of
15}%3 nuribers of Schizophyllum commune from a single saupling
site. Basidiomycetes are rarely 1solated 1n_d11ut10n.plates?
pnt in this instance a large number of golonles of this parti-
cular fungus were found at the 10 inch level, Isolations were

obtained from soil samples as well as from macerated roots,

Three species of Fusarium were isolated: F, roseum,
F, episphaeria and F. soigni, the latter being most 5Bun§ant.
Two fungl which appear to be 1uent}cal with species considered
by ‘ardlaw (@)-as.pathogens on acrial parts of banana were iso-
lated: Verticillium thecbromae (Syn. Stachlydium theobromae)
has been repcrtec to be pathogenic on banana fruit and Chloridium
nusaec causes a leaf spot of banana, according to Ztahel (3).
5 attempt has been made to determine pathoycnicity of these
isolates.

Y

ihe majority of fungi isolated are common s¢il fungi, and
are included in Gilman's lkianual of Soil Fungi, Some have keen

A = — . . 1
found which are not reported oy Gilman, Of the fungi listed,
those which have not previcusly been rcported from soil include:
Chloridium nmusae, Pseudoarachniotus reticulatus, Schizophyllunm

p s e '. — O g .ﬁ—.—' X 3 !
Verticillium theobroice, Musicladium and Absidia sp, #£bsidia sp.
15 consicered ny lesseltine (personal communication) to represent
a new species., DPseudoarachniotus reticulaius has been cescribed
as a new species (2).

It was the intention of this study to cdetermine the types
of fungi present in the rhizosphere soil of long-established
hanana plantings, liost of the fungi isolated are ubiguitous
in soil, but certain forms isolated dc¢ noi appear to have been
isolated from soil previously., Since most studies of soil fungi
have »neen confiec¢ to temperate soil, this is not surprising,
Doubtlessly, a detailed study of tropical soil fungi would reveal
many new species, The isolation of fungi which have keen reported
) e¢s mthogens on the aerial parts of banranas indicates that these
fungi may survive in the soil, and that soil and decaying organic
matter may serve as an inoculum reservoir for certzin of these
pathogens, :

Conclusions
None,

Recommendations

Additional studies of this type will be reguired to determine
whether certain fungal species are typical banana root inhabitants.
~21lnce it is on the root surface that pathogenic organisms must suc-
cessfully compete, further study of the root surface population
seens desirable, i
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Table V. F‘uz.xgi isolated from Omonita Farm, and their occurrence in rhizosphe
soil, root surface and macerated roots. g

—
Rhizosphere Rdot lMacerated
‘soil surface roots
Absidia sp. £ X
Aspergillus flavipes | X X
Aspergillus terreus X
Aspergillus versicolor X
Aspergillus sp. X X
Uephalosporium sp. X L X
Cladospériu.m SP. X e X
' 'Cﬁlori‘dimn'mus”a;e | X
; Coniothﬁim SDe X
Cunnirigﬁa.mella elegans £
Cylindrocarpon sp. ; X X
Fusarium evnisphaeria 1 X X
Fusarium roseum X
Fusarium solani & A X
fusicladium sp. : X X X
Fusidium sp. X X
Geotrichum candidum X p.& X
Gliocladium X
Gliomastix convoluta p§
Gonytrichum macrocladum X
Graphiun sp. &



°re

DD
I

rhoma SDe

‘'orula Spe

ithizospohere toot acerated
soil surface roots
_emnoniella echinata £
., yrothecium sp. :
sodulisvorium X
cenicillium lilacinum e 54
renicillium sp. 2 p 4 X
cericonia sp. %
_rhialophora spe. A L b4
A £
_:sauddarachniotus retiéuiatué ”X
;jTenocheaté' 4
Schizovhyllum coumrune £ £ X
Scopularionsis brevicaulis X
Spicaria spe X
Sporotrichua sp. £
Stachybotrys atra X
Stagonospora Sp. X X
L
‘richoderma viride X X
verticilliwa theobromae X £



table VI, rungi from rhizosphere soil.

A B C D &
Absidia sp. S
Aspergillus terreus £ 1
aspergillus flavipes X
Aspergillus sp. L X
cephalosporium sp. 3 -1 e
¢ladosporium sp. 3 2 5 =
Conilothyrium sp. ik 2
Cunninghamella elegans X X
Fusarium roseum X
rusariua solani g S
Fusicladium spe. « W '
deotrichum candidum 1 A
uliocladium sp. A
uliomastix convoluta 2
Gonytrichum macracladum 1
Graphium sp. A3
venicillium lilacinum X 3 5 5
renicilliwa sp. 1
hialophora sp. i i

X - 4

Phoma sv.

vseudoarachniotus reticulatus

Sc

St
St

St



i
e
A B C D E F G H I
e —
Schizophyllum commune 3 5
Spicaria SPe 1
Sporotrichum SP. 1
stachybotrys atra 5
Stagonosnora Sp. X
¢richoderma viride X ¥ X X X
Jerticillium theobromae 3 b 1
Unidentified 2 P TN oy

The number given indicates the number of colonies of a particular species
on the single dilution plate sampled, ULolonies identified from other plates
are designated with an X, '



Table VII., Root surface fungi.

& B D _E F .G H P
~

Absidia sp. X .

Aspergillus flavipes X

Aspergillius sp. X

Cephalosporium sp. 3 . % X

Chloridiwn musae 1 %%

Cladosporium 1 3 2

Cylindrocarpon -

Fusarium episphaeria ) ¢
Fusariuwn solani 1 X

Fusicladium sp. 2

Fusidium 1

Geotrichum candidum

liemnoniella echinata 1

lyrothecium sp. |

Penicillium lilacinum 2 i b}

Penicillium sp. X ulp i

Phialophora sp. S
Pyrenocheate sp. L 3

Schizophyllum commune 8
- Stagonospora SpPe

Torula sp. X

Trichoderma viride ‘ 1

verticillium theobromae .X. i : 8

Unidentified L 3 4 &k 4 1 .

Lla



/

/

H

- ssergillus vers icolor

aSov
ucpnalosporium SPa
cnloridiwa musae
(ladosporium SP.
cy]_j_ndrocarpon SDe
Fusariwa episohaeria
susarium solani
susicladium spD.
~usidium - SPe
Geotrichwa candidum
Lodulisporiwn Sp.
Penicillium sp.
Periconia sp.
“nialophora Sp.

rhoma spe
Schizophyllum commune .

Scopulariopsis brevicaulis

Unidentified

R
™

L3

11

<

L

s
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The frequency of isolation of different species of fungi
grom the four cepths after storage is presented in Table ; R
L total of 139 fungal colonies, representing 36 genera and 43
gpecies, were isolated from soil dilution plates. iiith the
exception of Stgmphyllum sp. and Heterosporium terreste, all
the fungi 1dentified have previously been isolated in this lab-
oratory from tropical soils, The highest frequency of isola-
tion was found with the heavily sporulating genera such as
Aspergillus, Penicillium, and ‘"richoderma, The distribution of
most species differed with depth in the profile, but the great-
est variety in species was observed in the surface soil,

-

The distribution of bacteria with different nutritional
requirements for maximum growth is presented in Table 6. Class-
ification of the bacteria was based on the methods proposed by
Lochhead et al. (8,9). The classification of the bacteria
present in the soil after three months of storage is not yet
comalete, and the data on the distribution of the nutritional
groups.imnediately after sampling are not available at the time
of writing. Nevertheless, several observations should be men-
tioned, The large percentage of bhacteria reguiring amino ac-
ids for maximum growth is contrary to the results obtained with
temperate region soils (9). This group of bacteria is usually
small in non-rhizosphere soil, such as used in this study, but
high in rhizosphere soil, On the other hanc, bacteria requir-
ing growth factors are high in non-rhizosphere temperate soils,
whercas tney were low in this soil, Relatively few bacteria-
requiring soil extract were isolated, and some depressive ef-
fect of soil extract was observed. Very few bacteria recuired
Vitamin B 5 for maximum growth, The number of bacteria which
recuired &east extract increased with depth, The significance
of these observations cannot be determined from the limited
cata availahle., The peculiar distribution of nutritional groups
may be the result of storage,

The type and distribution of algae in the stored soils is
presented in Table 7. Primarily blue-green algae were isolated
since tne medium used was relatively specific for this class,
Inaddition to the algae listed, fern prothalli and moss pro-
tonema developed in several of the dilution tubes prepared from
all four depths, Spores of ferns and mosses were prohably car-
ried in and deposited with the original alluvium or elsc were
leached through the soil during heavy surface water rcgimes, It
was necessary to incubate the dilution tubes for three months
under artificial and natural light in order to achieve the counts
of algae presented in Tables 1-4+, A diverse variety of blue-
green algae was found, The high number present in the surface
soil suggests that algae may be important in nitrogen fixation,

S50il dilution wlates (soil extraet medium and Martin's
medium) were incubated for 18 days in 99.9% CO, in order to de-
termine the number and types of microorganisms capable of de-
veloping under conditions of anaerobiosis and high CO, tension,
&fger incubation in CO,, the plates prepared from the stored
Solls were incubated aerobically for one week in order to de-



e

termine if the microflora was killed or only inhibited. Fxposure
to CO, killed approximately 95 % of the soil vopulatlon, but the
survi%lng 5% resumed growth after exposure to air. (Table 8).
Actinomycetes did not develop in CO but did grow when the
plates were subseqguently incubated n air.  The~funGi. in the
stored soils that were developed in CC, and those that were
developed in air after exposure to COo are presented in Tables
9 and 10, respectively. Several species of fungi were capable
of growth in the environment of anacrobiosis and high COp ten-
sion, in agreement with the work of Disby et al. (2,3). These
results sugqest that the identification of Fusaria 1solated
from scils by incubation in CO? must be accompanied by morph-
ological investigations, The fungi isolated after exposure to
CO, were also found on the plates incubatecd aerobically (Table

5)2 with the possible exceptlon of two species whose identifi-
cation is tentatlve. ;

This study is not completed since a comparison of fungal
species and bacterial ¢groups between the two sampling times is
yet to be made, However, certain conclusions can be sugcested
at this time. The marked decrease in most groups of microor-
ganisms and the large increase in the number-of actinomycetes
during storage may explaln the fungistatic properties of cer-
tain soils for Fusarium oxysvworum f. cubense observed in the
laboratory. Investigators concerned with biological control
of soil-borne plant pathogens, organic matter or nitrogen trans-
fiormations, or .other studies. 1nvolv1nq the soil microflora
should recognize the probability that the microflora is both
gualitatively and guantitatively different in .the laboratory
than under natural field concditions, The increase in the num-
ber of fungi developing on soil dilution plates prepared with
stored soils has bheen observed several times and is prokably

the result of iacreased sporulation caused by the eavironmen-—
tal changes,

The reasons for changes during shipping and storage are
not presently known., The loss of moisture durlng storage (Table
11) was small and probably not responsible since the soils after
storage aspeercd moist and friable, The moisture constants for
this soil have not yect been determined. The increase in tae
relative distribution of spore-forming bacteria and of bacteria
canable of developing in CO, suggests that restricted gas ex-
change may be a causative f3ctor. The decrease in the number
of fungi canable of developing in CO, is not necessarily con-
tradictory to this hypothesis since the spores of fungi are not
as sensitive to changes in gas relationships as are vegetative
cells. Fungal spores may not germinate and grow as rapldly in
CO as bacterial spores and cells and hence there may have becn
leSs opportunity for the selection of COp-tolerant fungi, Table
8 shows that a larger percentace of fungi than bacteria were cap-
able of developing after exposure to COn, and Table 10 shows that
a greatcr number of fungal species developed after than during
exposure to COQ. The diffusion rates of CO5 and Oo through a
polyethylene f£flm 1 mil thick were revorted to he 2900 and 550
c.c/160 sqg. in./2% hrs,, respectively (11), These rates of dif-

fusj
s tol
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jon would be sufficient to insure adequate gas exchange during
fusrage. Nothing is known about the gas diffusion rates through
s lastic bags used to store these soils; they were not poly-
zgﬁyﬁe"e and appeared to be slightly thicker than 1 mil,

cable 11, Change in moisture content of a Garcia virgin soil
! three months after sampling in the field,

e iioisture content of soil
(%) Loss in %
50il depth original After 3 months moisture Decrease
(inches) (%)
b w il 25.70  21.78 S 13492 15.25
6 - 18 19.96 17.03 2.93 14,68
oy - 36 1.8 " Twab 2R 15

cnother possible explanation for the obhserved changes is that
substrates required for active microbial growth were depleted dur-
ing storage (12), Under field conditions, the level of carbon in
the soil is continually revlenished by root secretions and slough-
ing, leaf drop, etc. iiost of the undecomposed soil organic matter
was removed from these soil samples during the screening prior to
shipping, Once the available substrate in the stored soil was de-
pleted, probably only those organisms capable of forming spores or
of existing at a low metabolic level persisted., Experiments have
been designed to test this nossibility. Stored soils will be in-
cubated with added banana trash, or bananas will be grown in these
snils orior to microbial analysis in an attempt to restore the
microbioloyical eguilibrium, The microbial activity of soils prior
to and after storage will be investigated. Studies will also be
concucted on different methods of shinping and storing soils, e.
9.y alr-drying prior to shipping, open vs, closed containers,
tenperature control,

Conclusions

The data show conclusively that marked changes occurred in
v;he‘501l samples during storage, These changes and their impli-
catlons are briefly discussed,

sccomiendations
It is recomaended that this type of experiment be repeated

Several times with both "short" and "long" life soils. Compar-
1sons should be made of the types of changes occurring in soils
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of different productive life,
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rable 5+ Vertical distribution and frequency of isolation of fungi in a
Garcia virgin sgil which was stored for 3 months after sampling
in the field: fungi developing aerobically on soil dilution plates.

e Depth in Profile (in.)
Fungus

0-6 6-18 18-24 24=36
e
Acrostalagmus SPe. e — —— 1
Alternaria Sp. — 1 —-— e
Aspergillus luchuensis 1 ——— L 1
As-pergill\is_ niger 2 — — —
Aspergillué oryzae —-— 3 > 10
Aspergillus sp. 7 1 3 5
Cephalosporium spe. 5 3 2 —_
Chaet.omium_globosum s ———— —— —— 2
Chaet'omiwﬁ seminudum - 3 = L%
Chloridium sp. e — . 2
Cla.dosporium herbarun 1 e ) 1
Coniothyrium fuchelii 1 —— —_— ——
Cunninghamella sp. ) 2 1 508
Curvularia lunata e - 2 1
Cylindrocarpon Spe. —_— 5 = =22
Fusarium roseum 1 — il A
Fusarium solani 2 2 x 1
Geotrichum candidum 2 2 - —
Gliocladium sp. 1 — 1 S
Gliomastix convoluta L ——— — 1
Gonytrichum macrocladum L -—— —— -
Graphium ;p. —_— 1 —_— _—
Heterosporium terrestre 1 e S e



Fungus

Depth in Profile.(in.)

i
o

6-18

18-2L4

Humicola sp.
Illosporium sp.
Metarrhizum sp.
Myrothecium so.

Iucor sp.

Penicillium lilacinum
Penicillium oxalium
Penicillium sp.

Phoma glomerata
Pseudobotrytis terrestris
Pyrenocheate sp.
Rhizopus stolonifera
Sporotriéhmn
Stagonospora
Steuphylium SP. .
Stilbum (rhizomorphic)
Stilbum spe.
Trichoderma viride
Verticillium sp.
Volutella so.

Unidentified
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Vertical distribution of bacteria in a Garcia virgin soil

which was stored for 3 months after sampling in the field:
Bacteria isolated from soil dilution plates and classified
on basis of nutritional requirements for maximum growth.

.
Lutritional requirement
for maximum growth

Depth in Profile (in.)

e

Vitamin B12 : (YBlZ)

0-6 6-18 18-2J, 21~36
 _%_of total bacteria isolated
Grow in basal medium (B) 15 - 9 not yet
determined

require amino acids(A) 31 29 26
Require growth factors (G) 8 5 3
fequire amino acids and 23 26 Tl

growth factors (AG)
Require yeast extract (Y) 11 18 37
Require soil extract (S) 0 6 L
Require yeast extract and 12 6 7

soil extract (¥S)
Require yeast extract and : i 3




Table 7. Vertical distribution and frequency of isolation of algae in a
Qarcia v%rgin soil which was stored for 3 months after sampling
in the field: Algae isolated in Fogg's blue-green algae medium,

Depth in Profile (in.)
0=6 (15)% 6-18 (10)* 18-24 (7)% 24=36 (5)*
| No, of tubes

ALGA

Blue-green

Nodularia (filamentous)
Anabena (filamentous)
Nostoc (filamentous)
Chroococeus

Lyngbya

Plectonema

Symploca

Synechococcus

H O & F W O ¥ K W
o ol ool dlito o o e
o o o o0 H K P n

Gloeocapsa

- O | ol o o o (@] () H =

Green

Chlorella L 0 0 1

Golden (diat.om) 5. i 0 0

# Number of tubes showing positive growth at a dilution of 1:10 soil:
water., laxlmum possible nwnber was 15,
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vertical distribution of microorganisms in a Garcia Virgin soil

which was stored for 3 months after sampling in the field:
rdcroorganisms developing after an l8-day exposure of soil
dilution plates to COZ.

N

ke
Type of Uepth in profile (in,)
organism leasurement :
0-6 6-18 1g-24 2-36
a _
pacteria  No./g. soil 117,000 36,000 45,000 21,000
e i £
Fungi No./g. soil 16,000 350 320 260
% distribution Sl 2.8 4.8 3.7
c
pctino-  No./g. soil 840,000 261,000 341,000 212,000
mycetes % distribution Leob 5e2 he3 3.6
a b o]

% of total bacteria

% of total fungi

#% of total actinomycetes

Table 9, Vertical distribution of fuwgi in a Garcia virgin soil which
was stored for 3 months after sampling in the field: r'ungi
developing during an 18-day exposure of soil dilution plates
to CO .

2
Depth in file (inc.
Fungus ® e ( )
0-6 6-18 18-24 24~36

Aspergillus sp. + - - o

Cladosporium herbarum + + o -

Cunninghamella sp. = + = -

Fusarium solani + + + +

$ - a e

Geotrichum candidum




Table 10.

Vertical distribution of fungi in a Garcia virgin soil

which was stored for 3 months after sampling in the field:
Fungi developing after an l8-day exposure of soil dilution

plates to 002.

Vepth in Profile (in.)

Fungus

0-6 6-18 18-24 24=36
Acremonium sp, ? ¥ - - % 9 e
Aspergillus niger + - - -
Aspergillus oryzea " - - B
Aspergillus sp, + x# - a : -|- g
Chaetomium sp. - - = ' +
Cladosporium herbarum g o " + - =
Cunninghanella sp. - 4 3¢ ; -
Fusarium solani 4 - $ ¥ 4
Geotrichum candidum -|- * + - -
Peniciliium‘sp.‘ 4 - + 4
Pseudobotrytis terrestris + - = £
Rhizopus sp. . - + -
Stagonospora spe 4 - 5 -
Trichladium sp, 7 ¥ 4 - - -
% 4: presence; ~: absence

#* Species which developed in CO, (ef, Table 9).

#¥% Species not isolated on aerobic plates (tentative identification)
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‘ricrobiological Investigations of
wiong" anc "Short" Life Soils:
Clay Studies

Background

The correlation of effective banana production life
with nhysical and chemical vroperties of soils has been
attempted ever since Fusarium wilt becawe a major disease
problem. Early investigators found some correlation bhetween
texture, pH, soil moisture and aeration, the content of sol-
uble salts, especially potassium, anc¢ cisease spreat. ‘these
correlations were used with some degree of success as guides
for the selection of new planting sites. In most cases,
there were wuore exceptions than conformities to the corrc-
lations. Recently, the Cornell ¢roup again reported a high
correlation between the extractable soil potassiuii content
and soil life on a number of soils (Cornell Annual Report-
1957-58). The relationship bhetween soil potassiun content
an¢ longevity is very often attributed to some eifeci of
potassium on the relative resistance of the host or on the
cevelopment of the pathogen, Vhile potassium coes appear
to be associated with discecase resistance in several plant
species, cdata from both field and laboratory stucies inci-
cate that in short life soils potassium is not limiting for
the uactive developnient of either the banana plant or the
fungus. Therefore, since potassium does not appear to be
involved directly in the host-parasite relationship in
bananas, it 1s possible that the soil potassium level is
only a reflection of the source, tyne, ané amount of soil
clay, The Cornell group recently subjected to mineralogical
analysis, i.e., exchange capacity, differential theriial an-
alysis, x-ray diffraction, petrographic analysis, several
soils which showed a potassiuin to life relationship, The
analyses separated the soils into two distinct groups: Group
A had a relatively low exchange capacity, contained abuncant
mica, and the clays were primarily kaolinitic; Group B con-
tained clays that were primarily of the hydrous mica type
(illite—montmorillonite), had a higher exchange capacity
than Group A, and-a low content of mica hut appreciahle
amounts of volcanic glass., The soils of Group A were short
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life soils which were low in potassium; Group B soils were
long life and high in potassium. These results confirmed
the idea that perhaps the spread of F,o0.c. in soils is re-
lated to the type of clay, of which potassium content is
but an index.

lost, if not all, of ithe microbial activity in soils
probably occurs within the water filias that surround the
indivicdual soil particles and in the films formed in the
smaller soil capillaries. The microbial activity is, there-
fore, strongly influenced by the amount and strength of the
electirostatic forces arising from the soil clays in this
environment. 7The effects of acdsorption capacity of clays
on microbial activity in soil are muliifold; e.g., clays
acsorb intact microorganisns, exoenzymes, substrates,
reaction procducis, antibiotics or fungistatic materials,
(See Esterman, E, F, and .cLaren, A, D., Jour. Soil 5ci.
10:64-78, 1959, for a review of the literature on this sub-
ject. ) These reactions undoubtedly play an 1mportant role
in the microbial ecology of 5011 :

AS a result of the apparent correlation between soil
life and the type of clay in these soils, and hecause of
the marked influences of clays on microorganisms, a research
project was initiated to study the effects of clays - on the
cevelonument and spreacd of.Fusarium oxysvnoruii £, cubense.

Progress

This project was just recently initiated and wucjor en-
phasis so far has been cdirected primarily toward the devel-
_opaent of techniques, 7To cdate, only pure, but not homoionic,
icolinite and hentonite clays have heen used in these experi-
rents. Spore suspensions of F.o,c, have been incubated in
shake anc siatic cultures with various concentrations of clay,
and the elfect of clay type and concentration on spore ger-
mination and ygrowth of the fungus stucied. The presence of
clay coes not anncar to efiect the yerimination of spores,
but does eifect growth of the organism. The relacionship
hetween clay counceniration and growth is not linear; at cer-
tain concentrations, ¢growth is enhanced, while at others it
is restrictec, Since only preliaminary exveriments have heen
coacucted to date, further presentation of, ancd comments on,
results are not warranted.

Conclusions

None
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Recommendatio“s

Basec¢ on the high correlation between soil-life anc
uineralogical characteristics of the few soils stucied to
cate, 1t 1s strongly recoimencded that the validity of
this correlation be thoroughly investigated. iiineralogi-
cal properties would probably be more reliable guides than
pH, texture, potassiuin content, etc. of soils for the
selecE10n of new planting 51tes, anc¢ the differences be-
tween short and long life soils may be explainable on the
hasis of the soil minerals. Ilineralogical analysis should,
therefore, be made a part of the present soil samnling nro-
gram. Analytical data of this type would greatly aicd in
stuoies, which are presently being conducted, of the rela-

tionship beiween the spread of Fusarlum wilt and mniineral
compoolulon of soil,

Prepared by

G, Stotzky

Lecember 1, 1959
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- eponse of Fusarium Oxysporum fe
:zznse when Grown in the Presence

of Other Fungi

gackground

The competitive and possibly antagonistic effects of the rhizosphere micro-
¢lora upon pathogenic organisms has generally been regarded as b_eing’ a gignificant
factor affecting the spread.and incidence Qf soil-borne pathogens, Eaton and
aigler (1946) found that maize plants grown in a sterile substrate were suscept-
ibie to Phymatotrichum root rot, while similar plants grown in non—sterilc_a soil
appeared to be resistant., They attributed the differences in susceptibility of
the two groups of plants to the effects produced by rhizosphere organisms. Antago-—
nisms between micro-organisms in pure culture are relatively common (DeVay, 1956);
put whether such effects also occur in soil is at present a disputed point.

The present study was undert)a.ken to determine the response of Fusarium oxy=
aporum fo cubense when grown in association with fungi isolated from the rhizospher
of bananas. =

Progress
One hundred forty-eight isolates (not speciés) were tested for possible antago
nism to Fusarium oxysporum f. cubense, Clone C, on glucose-peptone medium using
the "T" gtreak method. The response of Fusarium to the test fungus appeared to
fall into one of six categories: ' . .
1. The test fungus grew over the Fusarium
2, Fusarium overgrew the test fungus (Fig. 1)
3. No overgrowth by either fungus and no inhibitory response by either (Fig.
Lo Mutual inhibition (Fig. 3) ‘
5 Fusarium grows up-to the test fungus but growth of lateral hyphae is
inhibited (Fige 4) A
6. Fusarium does not grow up to the test fungus (Fig. 5)
Production of a distinct inhibitory zone between the test fungus and Fusarium
(response 6) was considered as the highest degree of inhibition; however, inhibi-
tory effects may be evident in other ways. For example, in Fig, 4 are shown
cultures in which no inhibitory zone was produced, but lateral spread of Fusarium
seems to have been prevented. This is also evident in plate C, Fig. 3, and in
plate B, Fig, 5. This suggests that the production of an inhibitory zone is only
one of several possible criteria by which to interpret the results of such studies.

The organisms eliciting response 5 & 6 from Fusarium were selected for furthe:
study, The %ntagonists" were grown in liquid Czapek's solution for five or twelve
days, depending on growth rate of the fungus. The filtrates were then collected,

Zeduced to —% volume by evaporation, and the concentrated filtrates tested for inhil
ory effects on Fusarium. Some filtrates produced a depression of growth, but nont
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were distinctly inhibitory. It thus appears doubtful that the inhibition noteq i
the "T" culture tests was due to the production of an antibiotic substance.

The same test fungi used for the filtrate tests were tested for competitivg
ability by growing them in association with Fusarium in soil. Twenty-five gms of
unamended, sterile garden loam, moistened with 10 ml of water, was inoculated wity
a single conidium of Fusarium and with a mass transfer of the test fungus. The
cultures were incubated for sixteen days, after which the growth of Fusarium wag
examined by dilution plate technique at a dilution of 1/10,000. Since the flaskg
were inoculated with a single conidium, multiple Fusarium colonies could be attry,
uted ,growth of the organism. Results of this study are presented in Table I.

TABLE I
Range in Mean No. Relative /Amt,
Test Fungus Fusaria Numbers Fusarium of Test Fungus
B201 e — —
A127 - - 27 - 112 60 RERE
B1O1 ' 3 =24 12 x
B02 o P W - s Ny : 2 XEXX
A2l : 26 = 60 L1 F0aC
D303 31 - 71 43 10X
A216 L3 - 112 69 —_—
D110 22 = 60 L1 AKX
C106 _R5 = 77 49 x
D104 0 0 bolood
401 e L0 - 95 69 e e
E108 66 - 157 128 e
E113 15 = 48 29 XXX
F307 70 = 130 104 s
ELOL 42 = 115 T ———
S301 17 - 88 L5 bod
E12 0 - 0] beololad

Control (Fusarium only) 72 - 101
Dilution 1:10,000

From these results it appears that only cultures E112 (Aspergillus fischeri)
D104 (Aspergillus terreus), BlOl, (phialophora sp.), and B202 (Absidia sp.) product
a significant competitive effect on Fusarium in soil. These results must be con-
sidered only as tentative; however, since it is possible that the single conidium
inoculum may not have established a Fusarium colony. In several instances (4216,
Cl06, E108, F307, and E4O4) Fusarium seems to have been very successful in compet ik

with the soil isolate, since the soil fungus appears to have been greatly restricts
in its growth,
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The uestion can now be raised as to which aspect of competition may be m
significa'n? in soil ecol?gy. Of the 17 cultures shown to be }s)omewhat cogpe:it;::
s antag“u?tlc t:,o Fusarium in petri dish culture, only four appeared to have a
& ficant inhibiting effect in soil while, in five instances, Fusarium appears
to have overcome the tgst'fungus. In the remaining eight trials both fungi appeared
to have grown and multiplied. Definite conclusions are unwarranted on the basis of
this 1imited.si_;udy;.but the results do suggest that inhibitive or competitive effect:
en fungi :m_so:!.l may not be a primary factor affecting their distribution and
8 r;tn soil. Further studies are essential before such conclusions can be
3 owevere

rmendations

pecomendations

Nonee

-Referenc 9

Eaton, F. and N. Rigler. 1946. Jour., Agr. Res. (Engl.) 72: 137-161
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guizosphere stucdies of Bananas: oot Txcretions

gackground

The dense mantle of microorganisms that surrounds the plant
root probably results from the release of substrates from the
root in the form of either excretions or sloughed cellular ma-
terial (1,7)« The nature of the compounds excreted by the roots
determines the type and number of microorganisms in the rhizo-
sphere (2). The resistance of some varieties of plants to root-
invading patihogens may be the result, either directly or indi-
rectly, of root excretions (8). The excretions may be toxic
to the pathogen, or they may selectively stimulate a rhizo-
¢nhere microflora which inhibits the development of the patho-
gen, The resistance of banana varieties to Fusarium Wilt may
be related to the type of compounds excreted by the roots,

root excretions, an apparatus is reguired for culturing nlants
with sterile root systems. The apparatus must meet several re-
quirements besides maintaining sterility of the roots for long
pcriods, The root system must be well aerated, and all CO5 pro-
duced should he collected quantitatively in order to provige

an index of root respiration, It nust be possible to irrigate
rcqularly and to sample periodically the liguid phase of the
growth medium for analysis of the exudates., The volume of the
sampled liguid must be small so that concentration prior to
analysis is minimal, and yet the sample must be guantitatively
representative of the excreted materials, The seed or embryo
should be separated spatially from the root zone in order to
eliminate contamination of the growth medium by organic com-
pounds derived from the endosperm, Provisions must be made to
permit introduction into the root zone of pure cultures of
microorganisms or of other materials such as antibiotics, The
apparatus must be compact and simple to operate.

Proqress

An apparatus has been developed which meets most of the
above reguirements, The "growth unit" consists of 1) a growth
tube in which the plant is germinated from either seed or em-
PPYO. 2) a root chamber, and 3) a nutrient solution reservoir,
Nutrient solution is intermittently perfused through the root
chamber by the compressed COp-free air which aerates the roots
and flushes respired CO, into NaOH, wherein it is determined
volumetrically, The perfused nutrient solution containing the
Foot excretions is pecriodically removed from the solution re-
Sérvoir and fresh solution is introduced under pressure, The
Individual growth units are compact and can be autoclaved in
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one piece. The growth units are attached to two manifolds, ong
carrying the CO,-free air stream and the other providing irri-
gation’ solution to the individual reservoirs., One-way check
valves are used throughout the system to prevent spread of mi-
crobial contamination from one unit to another, At present,

12 growth units containing M. balbisiana plants, developed frop
excised embryos, are in operation, Some of these plants are
approximately a foot in height, and all appear normal. The plam‘

have well-developed root systems but, unfortunately, not all thg
plants are sterile.

In order to maintain sterility of the roots (the aerial
portion of the plant is not maintained sterile) and to make the
root zone air-tight so that respired CO, can be collected quan-
titatively, a sealer is placed around tﬁe stem of the plant,
‘The type of CO,-collectors presently in use require a seal that
can withstand @ continuous positive pressure of approximately
0.5 psig, but which will be sufficiently malleable to permit
normal enlargement of the stem, A sealer which has these prop-
erties has not yet been found, but CO, collectors with lower
hydraulic heads are now being tested, If these prove suitable,
a lower positive pressure can be employed and some of the seal-
ing compounds not now acceptable may be effective, Several types

of sealing mixtures have been tested with tomato, corn, and bana-

na seedlings, The hairiness of tomato stems resulted in leaks
around the stem, \Viith bananas and corn, leaks occurred at the
sealer and growth-tube wall interface, but not around the stems,
Scarifying the inner surface of the growth-tube by sandblasting,
grinding, or invagination has not been too effective, Several
of the sealers were toxic to banana seedlings, A few of the
sealers so far tested, alone and in combination, are presented

in Table 1. The best results have been obtained with layering
one sealing mixture over anothner,

Several materials have been tested as potential growth
media. The medium should be completely inert, free of organic
materials, hold large quantities of water yet drain rapidly, and
provide good aeration, Soil is not suitable due to its high
exchange capacity, organic matter content, and unstable struct-
ure. Liguid culture is not desirable since the metabolism of
roots is substantially modified in solution, and the results ob-
tained would have limited ecological significance, The suita-
bility of vermiculite, perlite, and sand, which conform to the
above reguirements, have been investigated by the following pro-
cedure: 1) standard amounts of an amino acid and sugar mixture
were added to growth tubes containing the various materials;

2) a standard volume (usually 100 ml,) of water was perfused
through the medium; 3) the perfusate was recovered guantitatively
from the nutrient solution reservoir and analyzed for amino acid
and sugar; 4) steps 2 and 3 were repeated until no more material
was recovered, & mixture of amino acid and sugar was used in

order to test both the chemical and physical adsorption capaci-
ties of the media, '

s ™ N OO
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Some preliminary results are presented in Figs., 1-3, The
recovery of amino acid was less than that of sugar in all media
ccept saqd. rbls was prqbab!y the result of ionic a@sorption
of the amino acid on vermiculite and perlite. The cation ex-
change capacity of vermiculite 1is approximately 100 me./100 g.
and that of nonrseparated perlite is approximately 1 me./100 g.
j.ost of the exchange capaclty of the perlite was apparently as-
sociated with the smaller particles, as indicated by the in-
creased adsorptlgn of amino acid by the 20 and 40 mesh fractions,
sand presumably had no adsorption capacity since all the ad@eg
amino acid was recovered. The recovery of sugar was essentially
complete from all materla;s egcept from the vcrmlcullye. The
nigh surface area of vermiculite apRarently»rgsglted in some
physical adsorption of the sugar, nheq gquantities of awmino acids
smaller than thosec used in these experiments were added to ver-
miculite, the percentage recovery was reduced, suggesting that
che volume of material added is important in the recovery from
vermiculite, This reduction in the amount of material recovered
was not noted with perlite or sand., The highest and most rapid
recovery of both amino acid and sugar was obtained with sand.,
cxperiments in waich the same volume of solution was perfused
through the media several times prior to removal have also shown
that the recovery from sand 1s better than from perlite and ver-
miculite., The rate of gas diffusion through these various media
is now being investigated, '

The present method of obtaining kl, balbisiana plants with
sterile root systems involves a series of asentic transfers,
Embryos are explanted on agar medium, and when the plantlets are
2-3 inches tall, they are transplanted aseptically into growth
tubes wihich are suspended in glass tumblers containing nutrient
solution. The nlants are allowed to develop until the roots
have ncuetrated into the nutrient solution and have proliferated,
.hen sufficient roots are present, the growth tubes are aseptic-
ally transferred to the root chambers of the growth units, Pieces
of the roots and aliquots of the nutrient solution are cultured
for microbial contaminaiion when the growth tubzs are transferred.
2leces of the leaves are cultured wnen the 'scaler is placed around
the stem and the aerial portion of the plant is exposed to the air.
The nerfusate is checked for contamination each time it is re-
roved from the growth unit for analysis, Experiments are current-
ly beiny conducted wherein chipped seeds are planted directly in
the growth tubes, hence eliminating the need for transfers and
recucing the possibility of wmicrobial contamination,

In order to obtain some idea of the quantity of material
excreted by banana roots, the solution in several tumblers was
analyzed for «-amino nitrogen (4), total carbon (9), and re-
ducing sugars (6) after the plants were transferred to the growth
units, 7The solutions were filtered through a bacterial filter
In order to remove all cellular material, and then concentrated
in a flash evaporator, The results of these analyses are pre-
Sented in Table 2, The plants in the tumblers were grown under
low light intensity (ca. 400 fc.) and were only 2- inches tall

at the time of analysis, "he root systems consisted of 2-5
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roots, 3-6 inches in length, " Despite the poor development of the
plants, considerable quantities of organic material were found
in the solutions, These materials presumably were excreted from
the roots although soluble autolytic products of root cells were
undoubtedly present. These preliminary results suggest that ki,
balbisiana roots excrete large amounts of organic materials,

and that little cdifficulty should be encountered in obtaining
measurable guantities of root excretions from more mature plants,
The quantities of material excreted were larger than those re-
ported for other plants (3,5). Techniques for the identification
of these materials are presently being developed,

Conclusions

& technique for the culture of plants with sterile roots
for use in studies on the biochemical nature of root exudates
has been developed. The technigue is simple. and meets all the

reguirements necessary for this type of study. Some preliminary
results are presented,

itecommendations

None .
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rable 1o The relative effectiveness and apparent toxicity of representative
compounds tested, alone and in combination, as sealers for the cul-
ture of banana plants with steiile root systems,
-
Sealing compound Relative Toxicity to
effectiveness banana seedlings
R R
Beeswax (BW) + -
petrolatum (P) + H
Household wax (W) + =
1 .
Latex (L) -1- + ?
Clay - _ B
id 2 .
Advawax M (AM) + A +
2 " 4
Advawax P (AP) 1- ‘ 4
rhoplex ®)° - t2
Y. f lercury (Hg) } E ?
Unknown composition (C) A 444 - -
: 3:1 (Pi) + s
Lil (P:W) ' + o
, P 4 3:1 (P:W), layered +44 -
A i
o :
k Polyurethane sponge (U) - -
U 4 3:1 (P:W) | ++ -
; 331 (PsAb) | - .
3:1 (P:AM) + P, layered 44 4
i 3:1 (¥:W) 4 C, layered 44 ”
3:1 (P:W) + Hg, layered 444 -
o 1 : |
" Non-cured latex, 68.5% solids; Naugatuck Chemical Company, Naugatuck, Conn
1941, -
: A Polyisobutylenes dispersed in wax; Advance Solvents and Chemicals,
term- llew Brunswick, New Jersey.
tion; 27 3
= 4 Polyaorylic resin emulsion, hohm and Haas, Philadelphia, Pa.

251,19’5L
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apizosphere Studies of Bananas: Seed and
cabryo Studics of M., balbisiana. ’

yackground

3anana plants with sterile root systems are required for
anbstications of the biochemical nature of root excretions,
uucroololo y of the rhlzosphere. pathogenicity studies, etc.
Sseptic plants of seecded species can usually be obtained by
culcurlng surface-sterilized seeds uncer ascptic conditions,
S1Eh pdrtxeuocarplc spcc1es, such as the commer01al bhanana,
pr)pag ation is vegectative, and to date it has not been poss-
ible to sterilize vegetative seecd-pieces without celeterious
effects. Until a technique is dcveloped for obtaining sterile
roots from rhizome pieces, studies reguiring sterile roots are.
seing concducted w1tn the seeded banana varlety, “usa_ balblslana
uolla- : i -

The first attempts to obtaln sterlle plants from lu, balbis-
iana’ sceds were generally unsuccessful, -Studies were Initiated
to determine the factors affecting the gerulnatlon and surface
sterilization of seeds as well as the nutritional and environ-
mental conditions necessary for optimum growth of the plants,

Jrogress

n., Aye of seeds,

The iusa balbisiana Colla seeds used in these studies were
kindly provided by bLr, K, [I, Stover, Five lots of seeds are
currently being used, Lots A, B, and C were collected near the
: “ropical Reseurch Labs in La Lima, Lot D in diopala rarm, and Lot
i Z in the Lancectilla valley. “The harvest dates were: Lot A, April
f 12, 1999; Lot B, Dec., 3, 1958; Lot C, unknown, but older than Lot
: B; Lot D, July 21 '1959; Lot c, fruit c¢ollected on August 27,
1959, und seeds removed from fruit on Sept. 7, 1959. Ages of the
scecds at time of use are indicated in the graphs,

B, Depth of planting,

Jecds of Lots &, B, and C were planted in flats containing
vermiculite or a sterilized soil and perlite (2:1) mixture at
tepths of 1 inch, %% inch, and on the surface with a slight cov-
ellng of the ulgntlng medium, In both media, sceds planted at a
Cepth of 1 inch gave the highest percentage of germination, except
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Lot A planted in the soil and perlite mixture (Fig. 1). Variable
germination counts were obtained with this lot of seeds throughoyy
all studies, dApproximately 60 days after planting, 100 per cent
germination was obtained in both media with seeds of Lot B plantey
at a depth of 1 inch, #4As a result of these experiments, all sub-
secquent plantings have been at this depth., The effect of planting
depths grecater than 1 inch is being investigated,

C, “torage of sceds,

Seeds of Lot A were stored in glass sample bhottles under the
following conditions: at room temperature (ca. 23° C) over desiecap,
at 6° C without desiccant; and at -4° C without desiccant, After
three and six months, seeds were removed, subjected to a variety
of treatments, anc germination determined, The seeds stored for
six months were only recently removed, and the data are not yet
available., & portion of the stored secds was surface sterilized
with CaOCl, (cf, Section D) and soaked for O, 24, 48, and 96 hours
before planting in sterilized soil and vermiculite (2:1) mixture,

Figure 2 shows that storage of the fresh seeds (approximately
15 months o0ld at time of storage) markedly increased their germi-
‘nation (comparc to Fig. 1), There appears to be a "primary dor-
‘mancy" of ki, balbisiana seeds since some aging is apparently
necessary for increascd germination, "Primary dormancy" is in-
dicated by the results of this experiment and by the difference
in the percentage of germination of Lots A and B (Fig. 1; cf.
Section F), Apparently, further aging again lowers the germina-
bility as indicated by Lot C in Fig. 1, sugyesting a "secondary
dormancy", The differencecs in germinability appear to be caused
by factors in the seed coat and/or in the endosperm since there
is essentially no difference in the "germination'" of embryos
excised from sceds of various ages,

Storage of secds at low temperatures apparcently affects the
pcrimeability of the seed coat. & higher germination.was obtained
with sceds stored at_6°C and soaked for 43 hours »nrior to planting
than with seeds storcd at 23° C, The germination of seeds stored
at - 4° C decreased with increase in soaking time. The sub-
freezing temperature nay have increased seed coat permeability
more than did storage at 6° C, thereby resulting in the more rapid
remioval cduring soaking of some factor(s) recuired for germination,
No increase in gerwlnation was obtained as a result of soaking the
seeds storcd in the laboratory; the percentage germination was 205
lower than in the sceds stored in the cold, These results suggest
that changes in the seed were not as marked in the laboratory-
stored seeds, 1The decrease in germination of sceds soaked for 96
lours, regardless of the tempcrature of storage, will be discussed
in Section F,

~

D. Surface sterilization,

Experiments oh surface sterilization have so far been restricted
primarily to the use of CaOClp. A CaGCl, solution is prepared by
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0 ml. distilled water to 10 g. dry CalCl, (purified
30-35% available Cl,, The kiatheson Co,, Inc,, Norwood,
I shaking vigorously, and filtering., The filtrate has a
f11.95 and is relatively stable. The seeds are immersed

ne filtrate and agitated for 35 minutes on a wrist-action

L akers Preliminary experiments included soaking sceceds in

T%CI under vacuum and immersing sceds in wetting agents,

fg;h %5 707> alconol and commercial detergents, prior to placing
> “the CalCl,. The use of vacuum did not increase the effective-
1253 of the nypochlorite, and wetting agents decreased its
gffectiveness‘ The use of ethanol reduced the viability of

che sceds, and embryos excised from alcohol-treated sceds did

t develop.
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The use of CaCCl, alone has been effective in controlling
st seed contaminant§, except a few hacteria and the fungus,
potryodiplodia thcobromae. This fungus cdoes not appear to bhe
present in older-lots of sceds, but freshly harvested secds
are badly contaminated, The results of plating seeds of Lots
., By C, and D on glucose-peptone medium after immersion in
Ca0Clo are summarized in Table 1 and show that B, theobhromae
is not eliminated hy “CaOClg. The fungus appears to be located
deep within the reticulated sced coat and it does not develop
until the surface organisms are eliminated,

. Table l.. The effectiveness of CaOCl, as a surface
' sterilant of i, balbisiana seeds,

seed No surface sterilization ~Surface sterilization
Lot — e P i3 . s
surface con- Botryocdiplodia Surface con- DBotryodiplodia
taminants thecohromae taminants theobromae

Relative degree of contamination

A heavy ‘ : none none heavy
B heavy none slight none
C heavy - ‘ none slight none
D heavy slight none heav&

The surface sterilization of abaca (iusa textilis) seeds has
also been attempted, &1l surface contaminants were eliminated by
soaking for 50 minutes in CaOCl,, but the seeds were 100% contam-
lnated with B, theohromae after“3-5 days. Soaking seeds in con-
centrated H,50) for periods of time ranging from 4 to 60 minutes
ﬂelayed the“appearance of the fungus, but aid not eliminate it,
'he failure of concentrated 1550y to eliminate the fungus again
Suggests that the organism rcsides within the seed coat where it
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is not accessible to surface sterilants., Soaking seeds in water
at 55° C for 5 minutes or at 58° C for 10 minutes did not elimin-
ate the fungus, but 56% of seeds soaked for 10 minutes at 640 C
were still uncontaminated aftcr one month of incubation., No germ<
ination was obtained with the acid- or hecat-trcated seecds, and the
effect of thesc treatments on seed viability is not known, The

work with abaca seeds has been discontinued due to exhaustion of
the seed supoply.

Reduction of the pH of the CaOClo solution from 11.5 to 7 by
the addition of HC1l increased the effectiveness of the solution,
All contaminants, including B, theobromae, were eliminated from
sceds immersed for 35 minutes in the low pll solution, No data are

presently available on the effect of lowered pH on the viability
of the seed,

Experiments designed to find effective surface sterilants are
in progress. These studies involve screening 1) antibiotics, 2) mner.
curials, 3) surfactants, and 4) comiionly used sterilants for their
sterilizing effectiveness and innocuousness to the seed,

E, In vitro germination of intact seeds.

While it has been possible to germinate secds in flats of soil
in the greenhouse, the germinating of surface-sterilized intact
seeds on agar has -been unsuccessful., Procedures which have been
attempted include presoaking seeds for 24 to 96 hours at various
temperatures with and without wetting agents, momentary imuersion
of secds in 30% or absolute alcohol or in carbon tetrachloride,
heat treatment at 65° C in water for 10 minutes, incubation in the

dark at 25, 30, 35, and 409 C, and stratifying the seed in agar
at 28° C under continuous light,

Seeds presoaked for various periods of time ranging from 48
to 192 hours were also planted in sterile vermiculite or in sterile
soil and vermiculite (2:1) mixture contained in 4 oz. glass sample
bottles. Lssentially no germination had occurred after 44 days,
at wnich time the secds were discarded. These experiments are now
being repeated, since longer time may he reguircd for germination
in vitro. :

F, Presoaking

In order to determine if the apparent dormancy of the seeds
was the result of impermeability of the seed coat to water, the
imbibition of water by seeds of Lots A, B, and C wus measured,
The seeds were pretreated in an attempt to increcse the wetta-
bility of the seed coat: 1) no surface treatment; 2) soaking for
30 minutes in distilled water under vacuum from a .water aspirator
puinp; 3) same as 2, except seeds were placed in 70> ethanol; and
L) same as 2, except seeds were placed in a 0,32% solution of
Triton X-100., After pretreatment, the seceds were surface steril-
ized with CaOClz, rinsed with sterile distilled water, and placed

int
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to pluvged.flasks containing 25-50 ml, of steri{e water, The

lasks were 1ncubc£ed at room temperature and seeds were rcaoved
fﬁkf 6, 12, 24, 48, 96, 192, and 384 hours of souking, blotted

?,Ulpaper towels, air-dricd to constant weight (10-15 minutes),
‘figheu, anc¢ planted in flats containing scil vermiculite (2:1)

Uoiure. Some of the soaked secds were not planted, but were

1 360 5 A :
thai“cd for histological studics.
re
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The results of this experiment are presented in Figs. 3, 4,
- Impibition wes greatost in the youngest segus (Lot @)
and lcast in the ol&cst‘(Lot C). Pretreatiient desiguca to in-
crease wettability of the sccd coat did mot incrcise imbibition,
put rather, decreased it in nuost cases. There wis no germination
of the scous pretrestec with alcohol end, hence, the results ob-
roined with these secds were not presented, Several seccs of Lots
5 aud C gorminated in the flasks after 192 hours of soaking. The
loss of encosperm as resiircd COo during gerirination probably
accounted for the decrease in weight observed in these two lots
after 38% hours of soaking, ilaximum imbibition in all 3 lots had
occurzed after 95 hours of soaking and only slight increases in

weight were obtained after this time,

The germination of Lot A was only slightly increased by
soaking. Soaking rcduced the germination of Lot B. The germina-
tion of Lot C was markedly increased by socking, regardless of
pretreatment and, with onc cxception, the length of the socking
seriod, The time recuircd to achieve maximum germination of
Lots B and C, but not Lot &, was decreescd by soaking. The ce-
crease in germination of Lot 3, as a rcsult of soaking, suggests
that somie material necessary for germination wus rcmoved from
these secis, The increased germination of Lot A aud e¢sgccially
of Lot C sugyests that aan inhibitor of germination may have becn
remioved, The imbibition of water could not have been the only
determining factor responsible for the increcsed germination of
Lots & and C, since Lot C imbibed less water than did Lois i and
3 and yet exhibited the greatest incrcase in germination. There
was poor correlation between the amount of imbibition and the
rate and percent of germination, especially in Lot &, further
incicating that factors other than water uptake are involved in
the yermination of these sceds,

5ceds of Lots &, B, C, an¢ D were leached, without pretrecat-
ment, in running tap water at 21° C for the same pcriods of time
as in the previous experiment. "he results, presented in Figs.,
0 and 7, show that the patterns of imbhibition and rate and percent
of Germination werc essentially the samc as in the soaking experi-
Leilt, even though the levels of imbibition and germinution were
slightly lower, The ¢ermination of ‘lcached se:.Cs of Lot .\ was
substantially lower than that of secds not treated with watcr prior
to planting, This was coantrary to the incrcase in germination ;
obtained with soaked seedés (Fig, 2), but, since the pcrforiance of
Lot A was erratic throughout all investigaticns, not too much sig-
Nificance can he attachcd to this observation. '
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The results of these cxperiments on the soaking or leaching
of seeds prior to planting strongly suggest that germination
inhibitor(s), and possibly stimulator(s), are present in the
sccds of ii, balbisiauna. The concentration of tihe inhibitor(s)
appears to incrcasc with maturation of the sceds, as ecvidenccd
by the lowcr level of germination of sceds of Lot C that wecre
not trcatcd with water, The inhibitor(s) appears to be water-
soluble and can be removed by soaking or lecaching of the seeds.
Ls sug,ested in Scction C, the inhibitor(s) appears to hc asso-
ciated with the seed coat and/or the endosperm since no dormancy
is c¢vident in excised embryos. Further evideuce for the prcsence
of an inhibitor-stimulator system is :iresented in Section G, The
results also indicate that the age of se.ds must be considcred
if soaking is used as means of increasing the amount and rate of
germination,

G. Scarification:

In order to clarify whether or not the appcrent dormancy of
secds was caused by isipermeability of the seed coat, seeds of Lot
B were scarified in vario s ways and cultured in Petri dishes on
Randolph and Cox's mediwm containing 0,59% agar and 4% sucrose..

&#11 secds were surface steriiized in CaOClp, prior to scarification, .-

The sceds were trcated as follows: 1) a small c¢hip was removed
from the side of the sced, cxposing the endosperm, and tne seed
placed with the chipped side in contact with the medium; 2) sceds
were split in half, exposing but not damaging the embryo, and
placcd either with the exposed embryo up, or with the exposed
embryo in contact with the agar; 3) the chalazal mass (i.e,, the
hottom of the sced) was rcmoved; and 4) the micropylar cap was -
removed., The seeds vore incubatcd at 26%1° C under 3-12 hours

of light caily.

my

he results of this experiment are nHresented in Fig., 8. Two
weeks after planting, germination had occurred. The ssecs that
were chiaped on the side showed the highest percentaye of ger-
riination; the embryos had enlarged, forcing out the microprlar
cap, and growth of the radicle was . agparent,. Secds from wiich

the cnalazal uass had been romoved did not germinate in the typical
manucer; instcad of forcing out the micropylar plug, the embryo
emergcd from the bhase of the seed as a result of the extension of
tne recicle, after wnich adveutitious roots ond a shoot ceveloped,
The germination porcentege of the sglit seeds was markedly lower
than that of the seeds from .vhich only a small picce of thie seced
coat had becn removed,

The highest and wost repid rate of germination, as well as
the tost vigorous secedlings, were obtcined from secds wiich had
bcen chipped on the sicde, Since these sceds hacd tlhe least cmount
of sced coat remnoved, the pcermeability of the sced coat to water
is apparently not the only factor respousible for the apparent
dorwancy of ule balbisisna seeds (cf, Sections C and F),
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The results of this experiment, in agreement with the experi-
nts on soaking qnd_leaching, suggest that the germination of
" palbisiana seeds is dependent upon & balance hetween an inhib-
2 r(s) and a stimulator(s). itemoval of a small part of the seed
2oat may haye rgmoved a sufficient amount of'the iqhibitor(g) to
sopmit gerimination, but not enough of the stimulating material(s)

prevent 1t, The removal of substantial amounts of the seed
coat and epdospcrm, as wus cdone with thg ;plit secds, may have
chrived tne embryq of_sufflplent qugnt1§1es ofOthe st}mulator(s)
necessary for germination, The germinatlion of'the split seeds
waich were placed with the embryo in contact with the agar was
Jower than that of the sceds placed with the embryo up.‘.This'may
nuve been due to the loss of stimulating substances by diffusion
into the agar. Seeds with the chalazal mass rcmoved, which were
sositioned with only partial contact of the endosperm with the
agar, had a higher percentage germination than the split sececs
hlaced cmbryo-sice cdown, further supporting this assumption. Ex-
cised embryos develop in the absence of possible stimulators;
hovever, possible inhibitory factors are also rcmoved by excision,
Forcing out of the micropylar plug is the first visible evidence
of geruiination in intcct seeds (Fig., 9)., The failure to germin-
ate of the sceds from which the mycropylar plug had been rcmoved
indicates that water uptake and gcs exchange are not the only
factors involved in germination, Since the plug is situated im-
iicdiately above the embryo and is separated from it by a membrane,
its removal should not affcct the balance of a stimulator-inhibi-
tor system,

ne

Further studies on the factors affecting germination of
., balbisiana seeds are in progress, Regardless of the mechanism:
Involved 1n germination, it has been possible to obtain seedlings
in vitro by the use of chippec sceds, Since plants obtained from
secds are wore vigorous ant eaesicr to handle than plants derived
from enbryos, chipped secds are being used as a source of sterile
plants for rhizosphere studies

H., Description and cermincetion of i, balbisiana seeds.

Seeds of u»l, balbisiana are esscntially spherical in shape and
range in size from about 4=5 mi., (Fig., 9-1), They vary consid-
erchly in shape and freguently have flattened sides and angular
e¢ges, prohably as.a result of compression within the fruit during
maturation, Except for the hilum region, the sceds ‘are covered
with a hard, tlick, somewhat roughened seed coat which remains
Intact during the germination proccss, The hilum scar is the
extcrnal surface of the micropylar plug, :

Internally, the seed is divided into two chambers: the upper
contains the embryo and endosperm, and the lower the chalazal mass.
The embryo is mushroom shaped and ranges from 1-2 mi:, in length,

It consists of a cylindrical upper portion which extends into the
neck-like canal formed at the juuction of the integument and micro-
Pylar plug, and a discoid basal portion which is surroundec by the



endosperm (Figs. 10-10 and 10-11). The endosperm, especially
in dried sceds, has a granular agpearance and may not entirely
fill the upper chamber, The lower chamber contains a hrown
gclatinous material, probably the remainder of the chalazal
mass, and is secparated from the uppcr chamber by a thickened
wall which is complete except for a small opailag ncar tie
center (Fig. 10-10)., This opening is difficult to observe and
is best seen after the contents of the lower chawmber have

been removed and the seed is viewed from the basal cnd.

The first sign of germination is the forcing out of the
micropylar plug or cap by the elongating embryo (Fig., 9-2).
The plug appears to be held in place in ungerminated seeds by
a thin layer of cells which is casily broken, It can bhe re-
moved readily with a flattened dissecting needle, and is
occasionaliy absent in storcd secds, incicating that it can be
dislodged by seed handling, &After forcing out the micropylar
plug, the elongating embryonic axis emerges (Figs. 9-3), and
the nrimary root soon ajpcars (Figs., 9-3 and 9-4), If the
micropylar plug has been carried from the sccd by the elongat=
ing embryonic axis, the primary root may push it some distance
from the sced (Figs, 9-4% and 9-8), The epicotyl appears soon
after the primary root emcrges (Figs, 9-4, 9-5, and 9-6), -
followed by the develonment of adventitious roots (Figs., 9-6,
9-7, and 9-8). As in most monocots, primary reot developmcnt
is gencrally not extensive., The first two leaves that develop.
are closed sheathing leaves, the third being the first fully.
expanded leaf (Fig, 9-9), Plants 15-20 inches tall, and with
6-8 fully cxpanded leaves, still have the empty intact seed
coat firmly attached. ’

I, Gamma-irradiated seecds,

Advantoge was taken of the opportunity to e¢xpose sceds of
M, balbisiana to gawmma rays derived from a Co-60 source. Seeds
of Lots B and D were nlaced in narrow test tubes and sealed with
pliofilm, The choice of sced lots was conditioned by the fact
that Lot B was 9 months old and was known to give high gesrmina-
tion, and Lot U was the freshest lot (2 months old) available
at the time. The secds were irradiated by R. C., Wornick at
dases of 0,096, 0.48, 0.72: 3.5+ ¥1.8, 58,114, 285, and 570
?ilorads.) (cf, Irradiation of button seed anc¢ F,0,c.BF-6-10,1959
Lna, Rpt,

After irradiation, sceds were culturcd on glucose-peptone
agar., Bacteria and fungi dovelopsd profusely on seeds of Lot B
which received doses below 285 krad, but only hacteria were
anparent on sccds which receivaed doses of 285 and 370 krad. UMNo
B, thecobromae was noted, but, as previously mentioned (Tuble 1),
Lot B was not contaminatcd with this fungus, Similar results
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qere obtaineq with secds of Lot D, except that B, theobramae
‘ﬁs ~vident in all but the $ecds wilich reccived a dose of

570 kxrad. The fact that thls‘fungus was able to develop in
seeds exposed to.more than 11% krad while othor fungal con-
tainants were eliminated above this dosage, further iandicates
that the fungus 1is deep within the seedcoat,'51nce adsorption
py the coat probahly decreased tne dose received by the fungus.

Irradiated seeds of both lots wcre surface sterilizecd in
ca0Clp, soaked for O and 8 days, and planted in flats. 7o
date, there has been no germination of any secds of Lot D nor
of the sceds of Lot B that were soaked for 8 days. '“he geruin-
ation percentages of the unsoaked seeds of Lot B were 27)5 for
the seeds which rcceived 0.096 krad, and 14% for the secds which
reccived 3.5 and 11,8 krad, These results are not final, since
the seeds have only been planted for 5 weeks ¢t the time of
writing.

Embryos from the irradiated secds were explanted on .tandolph
and Cox's medium, Since the embryos were only recently excised,
the data from this phase of the study also are not complcte at
the time of writing, o development is evident in czmbryos de-
rived from seeds which recccived doses greater than 114 krad., Only
callus has formed on embryos from secds exposed to doscs bclween
11.8 and 114 krada, Plantlets have developed from embryos which
reccived less than 11,8 krad. 7o date, more plants have devcloped
from the sceds of Lot D than from Lot B, No abberations have been
ohserved in the plantlets, 5 ‘

J., Embryo studies.

Since considerable difficulty was encountered in obtaining
a steady supply of sterile i, balbisiana plants from iantact seceds
for rhizosphere studies, the possibility of obtaining plants from
excised embryos was investigated,

The aseptic removal of embryos from seceds is relatively
simple., The secds arc surface stcorilized by agitating for 35
minutes in CaOCl, solution on a wrist action shaker, and placed
in sterile Petri“dishes. Reioval of the embryo is accomplished
with the asid of a dissecting microscope., The seed is punctured
at the edge of the micropylar cap with a flamed sharp scalpel,
A slight twist of the scalpecl splits the secd and exposes the
embryo (Fig, 10-10), which is lifted to a culture vessel with a
flattened dissecting needle, If nccessary, the excised embryo
(Fig., 10-11) may be imacrsed in CaOClp for 5 minutes without
deleterious effect., This step is not necessary, however, with
careful techaique, :
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Preliminary studies were conducted with a modified Kaudson's
medium containing 2% sucrose and 1,2% agar, Although the embryos
developed roots and a shoot, the roots failed to penetrate the
medium, Growth of the plantlets ccased after approximately 6
weeks, resulting ultimately in death of the plants, i/hen young
plantlets were transferred from the Kioudson medium to that of
Randolph and Cox which contained only 0,77 agar, root development
improved and the roots penctrated into the medium., In all cur-
rent studies, the Randolph and Cox's medium is beinyg used, The
agar content of the medium has been further reduced to 0,55,
since more rapid growth and wmore vigorous plants have been ob- !
tained with this concentration, In early .xperiments, the
embryo, after enlargement, was reorientcd on the agar so that
the cotyledon was placed in contact with the medium to provide
a larger surface arec for absorption, Repositioning was un-
necessary when the low agar médium was used, since the weight
of the embryo embedded the cotyledon into the soft agar, Callus
grown generally is visible 5-6 days after excision, followed by
the appzarance of the coleoptile and roots (Fig., 10-12 and 10-13),
Delicate hair-like growths often arise from the surface of ger-
minating embryos prior to the appcarance of the coleoptile anc
roots. Two weecks afteér excision, the first leaf and roots have
developed (Fig., 10-13) and the second leaf follows shortly there-
after (Fig. 10-14%), A-six-weeks old plantlet is iilustrated in
Fig, 10-15, : ' $ S . :
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In order to determine tlhie best type and level of sugar for
optimum growth, sucrose, glucose, and levulose (fructose) at
concentrations of 1, 2, 4, and 8% were tcsted, The sugars were
filter-sterilized and added to 4 oz, wide-mouth screw-cap jars
containing 30 ml, of cooled autoclaved Randolph and Cox's medium,
Cne embryc was placed in each jar and the jars incubated at 28%10 ¢
under continuocus light., In all embryo studies, '"callus formation"
has been used as an index of initial "germination", At this stage,
the embryos have enlarged, and the external surfaces become darken-
ed and hardencd (Fig,., 10-3), Of the three sugars tested, the
highest pecrcentage of germination was obtained with sucrose (Fig, 11),
411 embryos placed on agar containing 2 or 4% sucrose formecd callus,
but a yreater number of plantlets developed with the 4% concen-
tration. Two weeks after excision, plantlets which developed on
2 or 4% sucrose agar ranged from 3/% to 2 ' cm, in height,

One month after explantation, adcitional medium was added to
all jars since the volume of the original medium had been reduced
by drying. One half of the jars received nutrient agar minus
sugar, and the other half rz2ceived nutrients plus sugar at con-
centrations identical with those originally used. The height of
the plants which received additional glucose or fructose increased
less than did the height of the plants which did not receive addi-
tions of these sugars (Fig, 12)., As the level of glucose or
fructose added was increased, less increase in plantlet height was
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bsefved' suggesting an adverse osmotic effect, . greater
Qqcrcuse in height was observed in the plants which rcceived
imitioﬂﬂl sucrose than in those that rcceived nutrients ninus
2jcr050' in contrast to the resuits obtained with glucose and
f}uctose- Since the plaq;lgts which developed ou sucrose were
larger at the time of gdaltlon than t@ose on glucose or.fyuc-
Lose, M0oSt of the original sucrosc had probably been utilized
the plants bhefore the additions were made, Almost all of
¢hc plants whigh received ao&itignal sugar, ?egardlcss of type
ana concentration, turned yellowish, indicating that pirhaps
¢he presence of available sugar in the nedium rctarded the de-
velopment of cholorophyll, liost of these plants eventually
.pow out of tuis necrotic state.

The effect on plant development of autoclaving the sucrose
vith the medium wis compared to filter-sterilization of the
sugar. &Although the percentage of germination,; as weasured by
nweallus formation", was similar in both methods of sterilization,
a higher percentagc of plantlets dcveloped with the autoclaved
sucrose (Fig, 13), The boust development was again obtained with
tue 44 level of sucrose, regardless of the method of sterilization,

Embryos exciscd from sceds of Lots C and D were incubated at
28%1% C under continuous light or continuous-dark for 30 days,
e enbryos of Lot C gerwinated best in the dark, but the germin-
ation percentage of embryos of Lot D was higher in the light
(Fig, 14). tHowever, wore plantlcts developed in the cark from
cubryos derived from both lots of sceceds, Tae plantlets which
agecveloped in the dark were etiolated, the pscucdostens  werc veaker,
lcaf development was slightly retarded, and the lcaves were
elongated, aAfter the etiolated plants were placed in light,
they turned green and rcmained taller than the plants which were
incubated entirely in continuous light. '

?lants developed from mature embryos have been ¢grown aseptic-
ally in the original cuiture vesscls for 3 months, after waicn
time they were transplanted to growth units (cf. ilthizosphecre i
Studies of Dananas: ' oot "xcretions, BOF-2-20, dnn, lpt, 1959),
‘1ese plants are approximately 12 inches tall and have 10 to 12
fully developed leaves aund well developed root systems, ‘Yhe
olants are smaller than secélinygs of tihc same age which developed
in s0il under greenhouse conditicns from iantact sceds, but other-
wise they appear to be similar in all respects, The differcnce
in size may be the result of cdifferences in light intensity, since
tiic embryos were iuncubated unter artificial light at an intensity
of approximately 400 fc., while the plants in the greenhouse were
¢xposed to sunlight,

Aside from providing a stcady supply of sterile plancs for
rhizosphere investigations, embryo culture may have possible
application in plant breeding studics,
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A short note on the in vitro culture of embryos from
{i. balbisiana has been submitted for publication in Nature.

Conclusions

The rcsults of these studies indicate that the apparent
dormancy of . balbisiana sceds may be the result of the
presence of a ¢ermination iunhibitor(s). Data on optimum depth
of vlanting, storage, surface sterilization, and factors affec-
ting germination are presented., Technigues for the culture of
cxcised embryos are described. The application of these in-
vestigations to rhizosphere, and possibly plant breeding,
studies are briefly discussed,

Recommendations

iNone.
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Figure 9. Germination of [lusa balbisiana Colla.

.

2.

Seeds: showinyg size and shape, The hilum
is visible in the seed on the extreme right,

Carly germination: the elongating emhryonic
axis forces out the micropylar plug.

Early germination: extension of the embryonic
axis, and appearance of the primary root.

Early germination: primary root development
and appearance of the epicotyl,

Seedling with second leaf and adventitious
roots. The primary root did not develop,

Seedling with second leaf, adventitious
roots, and a well-developed primary root,

Seedling with third leaf developed, Intact
seed coat has remained attached,
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Figure 10, Development of excised embryos of lusa

balbisiana Cs11a,

Snlit seed, saowing embryo, endospem, and two
chambers of the seed. Only the upper part of
the lower chamber is shown, The micropylar
Plug is immediately above the emoryo, X 15,

Excised embryo; cotyledon is on the left. X 25,

Germinating eilbryo: note darkening and harden-
ing of external cells, X 2

Yerminating embryo: the first leaf and several
roots have developed, Natural size,

Germinating embryo: the second legf has developed
and the roots have penetrated the medium, Ilatural
size, s

Six-week old plantlet: the first 3 leaves are
visidle., Note the discolored area which character~
istically cevelops in the mediam, X 3/Y4,
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CENTRAL RESEARCH LABORATCRIES
Norwood, lass,

Soil hiicrobiology Section
Annual Project Report 1959

ppF-2-20

rhe Effect of Root Injury on the
rhizosphere Flora,

Background

Sequeira et al (1) have prescnted evidence that root injuries
may increase the Incidence of Fusarium wilt of bananas, They also
reported that the germination of conidia ¢f Fusarium oxysporum £,
cubense was markedly stimulated when the spores were placed in the
Sroximity of wounded roots while those placed in the vicinity of
intact rocts apneared to be inhibited. Root injuries are considerec
important as portals of entry for many plant pathogens; however,
little attention has been given to the effect of root injuries on
the roct microflora, g

The root surface supports an abundance of micro-organisms,
These organisms are undoubtedly stirmulated by secretions released
from root wounds and, hence microbial 'activity in the vicinity of
wounds is probably more .intense than in non~wouncded areas, In
order to invade this area, a pathogen must obviously ovecrcome
intense competition, Root secrctions lost through wounds are
probably attached rapidly and broken down by microorganisms, sug-
gesting that it would be highly unlikely that such secretions
would preferentially stimulate pathogenic organisms., If a patho-
gen is to enter a root injury, it must be present among the rcot
surface organisms in positicn to attack the vulnerable tissue,

Since little is known about the response of root surface
organisms when roots are wounced, invcstigations of root wound
effects are being carried out,

Progrecs

Except for the developing of techniques, this project has
been inactive for most of the year, Preliminary results (Annual
Report 1958) have indicated that wounds result in a stimulation

of hacterial activity, but that fungal activity is not greatly
affected,

loot hoxes, similar to those used by Sequeira, have been
used for the studies so far carried out, and response of the
microflora has heen studied hv dilution plate techniques., The
results obtained by these methods have given rather inconsistent
results and hence are not presentcd, There has been some diffi-
culty in obtaining a constant supply of roots suitable for these
Studies, and consideration is being given to the possibility of
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using peas for these experiments, Peas would offer several
advantages in that (1) they form a tap root system, (2) the
plants can be started from seeds and a large number of plants
of similar age can be obtained, (3) the plants are siraller and

easier to handle and (4) they are also susceptible to a Fusarium
wilt,

Direct methods have also been investigated in an attempt to
study the effects of roots on soil organisms, Fiber glass gauze
strips, infiltrated with mecia of various types or without medium,
have heen placed in contact with roots. After various periods of
incubation, these were examined microscopically. Sporulating
actinomycetes and fungi have been observed in such mounts, Conidig
of Fusarium oxysporum f, cubense have been enclosed hetween layers
of cellophane ana placed adjacent to roots, NAbuncdant germination
~occurred, and numerous anastomosing germ tubes were seen (Figure 1),

Glass wool pads, inoculated with conidia of FFusarium oxysporum f,
cubense, were placed adjacenrt to injured roots, non=injured rcots,
and soil, and alloweé to incubgte for 2 weeks., Upon removal the
pads were washed in 100 ml. of water and dilution plates prepared,
Inconsistent results were again obtained, and there was no apparent
affect of the root injuries on the growth of the pathogen,

Conclusions

It must he emphasized that studies reported here are oi a
preliminary neture, and cunclusions are not warranted, Iuprove-
ment of techniques and repetition of the experiments described
are necessary in order to obtain meaningful results,

Reconmnienclations

None

References: Sequeira, L., T. A, Steeves, L, W, Steeves, and
J. M. Riedhart, Observations on the role of
root injury in Panama disease infections, Naure
182: 309-311,
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Royer D, Goos

December 1, 1959



Figure 1. Spores, placed between layers of cellophane and
I incubated for 48 hours in contact with non-injured

banana roots,
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CENTRAL RESEARCH LABORATORIES
Norwood, llass,

Plant Pathology Section
Annual Project Report 1959

BDF-3-0
1. Inoculation Methods and Host

Development in Relation to
Infection and Disease Development,

A. Previous work

Infection following the puncture of roots under microspore
suspensions of clone 1121 at various concentrations and under water
was determined, Greatest infection, based on total extension of
discoloration in the rhizogc plexgs (80 to 100 mm), resulted from
spore concentrations of 10 to 107 per ml, of water. A somewhat
lower ;nfecti?n (40 to 50 mm extension) resulted from spore loads
0of 107¢ to 10' per ml, These results are conditional on 2 counts,
(a) Some discoloration (18 mm) occurred in water checks. Isola-
tions from these areas generaslly yielded cultures of F, moniliforme
frichoderma sp., Liyrothecium sp,, Actinomyces sp. as well as bac-
teria were also isolated from these areas, Refined techniques are
therefore essential to more definitive results, (b) Considerable

variation in frequency of invasion of roots and plexus occurred in
all spore-=load treatments,

‘B, Unreported work

Primary emphasis has been given to the infection process
because of the variation in infection (b) mentioned above., ‘hen
a Gros hichel plant is split longitudinally, the peripheral area
of the stele can be readily detected, In the upper portion of
the rhizome, this tissue (when freshly cut) appears »luish or
opalescent, In the lower portion this tissue is yellow, At times
an intermediate white region is visible, It had been noted that
infections into the plexus (joining root and rhizome stelar tis-
sues) were common in the yellow region, These were seldom if ever
observed in the upper (blue) region although the roots originating
1n this region might be well developed,

' An experiment was set up to determine the extent of infec-.
tlon in roots originating in these 3 regions, Gros [lichel plants
approximately 6 to 8 feet tall and with rhizomes approximately

inches in diameter were used for this purpose, lortions of
Foots adjacent to the rhizome were washed free of soil with a
Jet of water and inoculated by means of a hypodermic needle,
Results are given in the table which follows:
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Region of origin Infection confined Penetration of Penetratig,
of inoculated root to external root root stele to to plexus
cortical region
——
Blue 93% 7% 0%
white 20% 80% 0%
Yellow 0% ' 7% 93%

There was, then, a high incidence of plexal infection
resulting from inoculations into lower roots arizing in the
"yellow" plexal region, Infections in roots originating in
the "white® region generally terminated in the cortical region
of the rhizome, while in those roots originating in the "blue"
region, invasion was generally confied to portions of the root .
outside the cortex, Similar resulls were obtained with 3 month-
old plants, although the "yellow” region was often very limited,

The two most likely mechanisms of resistance to 1nva51on'
appeared to be (1) biochemical, and (2) anatomical, Lissues
from the blue and yellow plexal regions were finely ground,
sterilized in 95 per cent ethanol, dried, and incorporated in
Toussounn's (dexirose, inorganic salts) medlum. Ethanol soluble
fractions were separated into water and ethyl ether soluble
fractions, These were added toc absorbent discs and placed on
Toussoun's agar. Cork~korer discs of these tissues were surface
sterilized with alcohol and placed on agar, No inhibition of
growth of F,o,c. (1121) cculd be detected through 6 days of
calture on bhese media,

A series of experiments were conducted to determine if
anatomical differences could be responsible for the above
rcsults, When upper or lower roots were severed under aniline
blue (water soluble) dye, staining of vascular elements occurred
throughout the rhizome and into the extremities of all but the
youngest leaf, Transport to the youngest leaf was often limited
or did not occur., Distribution from a single (upper or lower)
severed root placed into a tube of dye solution was found to be
general in the upper rhizome and pseudostem, except in the young-
rest leaf, These results indicate that a functional union, for
water transport, exists Petween a single upper or lower root and
all other parts of the plant,. ‘

Carmine red (water inscluble aluminum lake) was intiroduced
1n suspension into upper ané lower rocts to investigate the
transport of particles in the vascular system, These particles
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int;-oduced into roots originating from the upper (blue) region
qere limited to the root in 7/7 instances, while particles
introduced into rocts origirating in the lower (yellow) region
enetrated the glexus in 7/8 instances and were confined to
the root in the cortical region in 1/8 instances.

finally, microspores were stained by mixing a heavy spore
suspension (9 parts) with a strong solution of aniline oil in
50% ethanol (1 part), These spores were held for 3 days after
which they were removed from the stain and was@ed hy contrifu-
gagion. This sporen§uspension was introduced 1nt9 5 rcots of
a 3 month-old Gros iiichel plant, After 1 hour this plant was
dissected. Care was taken to make all cuis from distal portions
of the rhizome toward the root treated, Blades were thoroughly
washed between cach cut to avoid the possibility of carrying
gnorcs into clean tissues nechanically., These tissues were then
exanined miscroscopicalily for the presence of spores. The re-
sults were as follows:

¢rigin of spores found in stele of:
root oot Cortical Region Flexus
Blue + .5 cm - i
Dlue + .25 cm - -
Wnite + o5 cm S_— ' -
Jnite + 4,0 cm + t (few)
Yellow + 6,0 cm + + (many)

These results strongly indicate that differences in suscepti-
bility to invasion of upper vs, lower roots of Gros liichel are
dependent upon anatomical differences, probably associated with
naturation or aging of roots,

Experiments are in progress to determine what these anatomical
differences may be and whether resistance of other banana varieties
nay have an anatomical basis, '

Conclusions

In Gros lMichel plants spores of F,o0.c, are. carried by the
transpiration stream through older roots into the rhizome-root
plexus in a matter of ninutes, They tend to lodge here to initiate
Plexal infections, Younger roots, though extensive and functional
1n water transport, appear to have anatomical obstructions which

bPrevent passage of spores, as well as smaller particles, into
the rhizome,
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These results suggest that ungerminated spores may be
the source of primary infection and that anatomical obstruc-
tion to passage of spores may be a primary source of resistance,

Recommendations B

None
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11 gnvironmental Factors which Promote
or Inhibit Disease Development,

Pro ress

Preliminary experiments indicate that a short (several days)

re-inoculation dark treatment or water deficiency treatment had
jittle effect upon infection and establishment of F,o.c. in roots
and rhizomes of small Gros llichel plants, No differences in ex-
tent of invasion resulted from 10 to lli-day post-inoculation light
and dark treatment of small plants., An extended (10 week) pre-
inoculation exposure of plants to various artificial light inten-
sities appeared to have a considerable effect upon infecticn and
establishment., *ith light intensities at 2200, 980, 680 and 420
f, ¢, successful plexal penetrations were 30%, 70%, €5% and 65%,
respectively and total extension of plexal infections were 22, 92,
61, and 56 mia, respectively., No consistent differences in extent
of root invasion resulted from low (22°C) or high (30°C) root
temperatures following inoculations. In general, only a small
percentage of root infections penetrated the rhizomes of these -
small (2-3 month-old) plants, When rhizome penetration did occur,
however, extension of peripheral infection of the rhizome stele
was considerably greater at the higher than at the lower temper-
ature, :

Conclusion

iesults in the above experiments rmust be considered conditional
on two counts, as discussed in the previous section, Since the
enviroumental factors considered appeared to play a minor role in
the infection process, further work on these factors in relation
to establishment was discontinued during the final quarter until
the infection process itself was more clearly understood, It is
aiticipated that these studies will be resumed shortly,

decommiendations

None,

PreEared by

C. H, Beckman

Decenmber 1, 1959
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11I. Fungal hetabolites in Relation
to Disease Induction,

Progress
,—-—Q-—-—— .

The production by F.o.c.ienzymes which may deyrade host
plant constituents have been studied., Fectin polygalacturnase,
pectin methyl esterase and cellulase (cx) have been found.
production of the pectin hydrolyzing enzyme, polygalacturonase,
in culture, has been established on the basis of viscosity loss,
hypocodite titration tests and chromatographic identification
of monogalacturonic acid as the reaction product when fungal
filtrates are added to pectin solutions, Optimum production
and activity of this enzyme were found at pll 3.0 and 4.0,
respectively in the presence of the substrate, The presence
of dextrose, with or without pectin, delayed or reduced cnzyme
production, Fre-conditioning inoculum with pectin enhanced P.G.
sroduction, Pl production, as determined by titration of avail-
able methoxy groups in pectin, was found to bhe greatest between
pH 6.5 and 7.5 in the presence of substrate. Hesults indicate
an early production of these enzymes by germinating spores and
young mycelium, '

A comparison was made of polygalacturonase production by

9 clones of F.o.c., These were the Goos subcultures 1119, 1120,
1121, 1122, 1123, 1131, 1132, 1144, and 1145 of Stover's A-I
clones, respectively. Spore suspensions prepared from mass-—
transfer ¢r single-spore cultures were used as inoculum, Enzyme
activity was determined by viscosity loss of standard pectin
solutions 1 hour after the addition of 2% hour culture filtrates.
The average viscosity loss of 18 replications per clone was as

follows:
1119. (A) 15% 1122 (D) slight 1132 (G) slight
1120 (B) slight 1123 (&) 5% 114 (H) 39%
1121 (C) 37% 1131 (F) slight 1145 (I) slight

Isolates which produced only a slight amount of enzyme in 2% hours
siowed a continued increase in enzyme titre at least through 72
hours of culture, A considerable variation in enzyme titre was
found among cultures derived from single spores of clones 1119,
1121 and 1144, These results based upcn 102 determinations,
(Figure 1) suggest that clones 1121 and 114% are similar in their
Capacity to produce a high titre of pectin polygalacturonase; but
differ merkedly from clone 1119 which has a rather low capacity
for PG production, It should be noted, however, that these
Populations overlap,




X0

Earlier results suggested that PG production by clone 112)

reisolated from banana plants was consicerably greater than
that held on PDA, "These results appear to be depencent upon
the "induction'" of PG by the presence of the substrate, An
induction period approximately 1% hours is indicated by data
presented in Figure 2,

Conclusions

F.o.c. produces pectin polygalacturonase, pectin methyl
esterase, and cellulase (cx). These enzymes might function
in the host-parasite relationship to provide nutrients for
the fungus and contribute to wilting of the host, That PG
and PME are produced in the host is suggested by the fact
that enzyme production was greater by sub-cultures which had
been reisolated from banana than by ones which had been main-
tained on potato-dextrose agar. These differences in enzyme
titre appear to be dependent upon induced production of
enzymes in response to the presence of substrates, A lag
"period of 14 hours was found for induction of P.G., The mean
P.G. titres for various clones differ considerably but the
populations appear to overlap in this respect,

Recommendations

lNone

Prepared by

C. H, Beckman
M. E. DanS
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Fig. 2. Production of P.G. by clone #1121 in relation to
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1v. Response of the Host to the
Action of the Pathogen.

progress

This project is essentially inactive until consistent
infection &nd symptom development in small plants can be
obtained,
Conclusions

None

Recommencdations

~ lone

Prevared by
Carl H, Beckman
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Tx.am;pit‘at,ional Losses from Healthy and Fusarium Infected Flants (1)
/—7

Plants of about the same size and age have transpirational
rates that vary between plants, but this variation does not ap-
car to be too great to preclude using such a group of plants
to determine the variation of tramspirational rates of healthy
and diseased plants,

_ Preliminary resulis indicate that transpirational ratcs may
se controlled by varying either the light intensity or the mois-—
ture of the soil, A water deficit in the plant may be obtained
-through varying the moisture level of the soil under climatic
~_c¢onditions that favor an increased transpirational rate,

], Wilson, E, e 1959. Transpiration losses from healthy and
Fucarivm infected plants, 3rd Quarter Reports, Central Re-
search Laboratories,

{repared by

fugene ii, Wilson
Jecember 1, 1959
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Experimental Systems to Develop Fusarium
Wwilt Symptoums “Without the Presence of
Fusarium OXysporune.

Background

Active polyphenol oxicdase systems have been demonstrated
for Fusariuin oxysporum f, cubense (Goos, First and Third
Quarterly Reports, 1959) and for all organs of the banana
plant (Freiberg and Greenbery, Second and Third Quarterly
Reports, 1959). Furthermore, G. L. Farkas and G. A,
Ledingham (Can. J, ilicrobiol, 5: 37-46, 1959) and Z, Kiraly
(Phytopath, Z. 35: 23-26, 1959) indicated that in stem rust
- of wheet, the action of polyphenol oxicase systems (produced
by both the pathogen and host) resulted in the formation of
toxic polyphenols which kill the host cells. Resistance in
wheat, therefore, can be increased by increasing the poly-
phenol oxidase activity of the host cells so that when dis-
rupted by the pathogen, phenolics will be rapicly converted
to a toxic form resulting in a sphere of dead cells about
the infection, thereby isolating the obligate parasite,
Puccinia graminis., If such a system operated in Fusarium
wilt infections, the death of host cells would probably lead:
to susceptibility since F.0.C, is consicered to be sapro-
phytic and at bhest a weak parasite from a nutritional point
of view,

Progress

As reported in the Second Quarterly Report-1959, nethods
to add the fungal polyphenol oxidase system to root tissues.
were devised. Limited dark (not reddish brown) discoloura-
tionsextending some half inch up the vascular system were
observed, i

Studies are continuing with Dr, R, D, Goos to determine
what nutritional or incductive factors are involved in the
procduction and release of polyphenol oxidase systems into
the culture mecdium hy F,o.c.



Conclusioans

None

Recommendations

None

Prenared hy
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Observations on the Fusariun
"wilt Syncrouiie in Gros iiichel

Bandana.

Background

Concurrent with investigations of cultural variatioas
of the bhanana-wilt fungus, further obhservations were mace
on syndro:ac cevelonment following natural infection in the
field., It was considerecd that by Iurthering an understand-
ing of the Fusariua wilt syndroite one may be better able to
evaluate disease severity anc thus relative virulence of '
variants of I, cubense. Ohservations were largely coafined
to cdevelopment of syunntowms within the pseucdostem anc axis
("true stem") oi Gros iiichel plants during the firsi year
after nlanting in Lake 1, Guaruma Farii.

Frogress

The external symptoms of wilt usually concist o var-
ious graduations of chlorosis, leaf petiole fcilure, anc
death of the leaves, ''he relatively rapid develonment of
sywptoms an¢ death of shoots of young plants in Lake 1 was.
in contrast with the slower development of symptoils olten
characteristic of older establishec plantings,

In geaeral, the leaf sheaths of a Fusarium infected
pseudostem were invadecd in a more or less acropetal seguence,
followed by ingress of the fungus into the bundles of the
axis, Sampling of the fungus from a central vascular bun-
¢le oi the axis represents then a sampling oi a fungal colony
of established persistence. The following syuntoi coin-
plexes have becn observed to occur withia the central region
of a diseased axis at a height anproximately 1 iweter above
the ground, '

Cormumaonly, the walls of tracheary elemenis, and contig-
uous xylewm and ground parenchyma, are discolored and an
amorphous brown inaterial izay bhe cemonstrated in the lumen
of trachcary elements, A techuigue was cdevised to permit
a rapic assay of microorganisms from these diseased cells,
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Concoinitantly observations were also made on other host-
iungus relationshins at the cellular level.

Plugs, 1.5 cm in diameter by 5.0 = 6,0 cu in length
were rewoved from the central nart of a stem, broken anc
the halves carefully pulled apart to expose the helical
secondary wall thickenings of tracheary elements (Figures
1 to 4). Individual helices were removed by sterile for-
ceps and placed on an agar nrnediuia, or into a sterile
water blank. As an alternative, a group of seconcary wall
thickenings were twisted together, then pulled from the
broken halves of a plug and placed in a sterile water blank,
Since the technique dicd not require the addition of anti-
bacterial substances to subpress surface contaminants,
hacteria as well as fungi were assayecd,

Of 348 cells exanined, 48 contained Pusarlum alone,
while 130 containec¢ only bacterlal (Table I), It is of
interest that 47 cells frowu discolored vascular hundles .
were free of Fusarium and bacteria, I[licroscopic eramln—
ation oI sterile-water washings of tracheary cells showed
that relatively large numbers of- AlCEOCOﬂlQla were. wresenn
within soume dlsedsed tracheary cells.

Since sporec of the pathogen_could be isolated singly,
cirectly from a cdiseasec host cell, it was possible to
survey rapidly in fungus colonies oi cdemonstrable nersis-
tence within the host and so deteruine nossible varistion,
Because oi the lack of other suituble criterion, cilicr-
eances in pigmentation . were used as an index oif variation
amongst coloanies arising Ifroi incubation of spore dilu-
tions on rice agar (19 g itice powder-and 10 ¢ Bacio Agar
in 1 liter of distillecd water),

Isolates nroducing little pigizcntation on rice ayar,
anc in this respcct similar to the so-callcd “snorodochial"
tyve, were obtained fro.a 549 nlatings of indivicual cells
reuoved fron the axis of 13 .wats and assayed 410 days ofter
planting, In tltis instance, counsicerable unlforlltj char-
acterized the numerous colonies obtained fro.: the cells
examined, An examination of 100 cells froiu the axis of
10 mats in the same area (84" x 1L44') as above showed red
pguent formers present, in addition to the above tyne,

500 cays after planting, From the foregoing, it was es-—
tablished that more than one physiological variant of [.

xysporum, together wiih bacteria, may inhabit tvachedry
cells of an axis vascular bundle,




_3_.

In adcdition to this microfloral comnlex, disease
expression may vary aitong vascular buncdles adcjacent to
cach other in an axis. 7Tyloses have hecen observed with-
in tracheary elements so as to occluce the element luinen.
Such occlusion was shown to be non-vestrictive to fungus
hyphae in that Fusarium was isolatec iron metaxylem ele—
sents vertically abovo occluded elemenis in the same
axis buncdle.

Hyvertronhy and hynerplasia of parenchyua, contig-
uous to metaxylem tracheary eleiients, have been observed
to accompany collanse of nietaxylen eleizents, Collanse
of elements. associated with hypertrovhy is shown in
Tigures5 to 10; hyperplasia is not evident in these il-
lustrations. F*sar‘un has bheen isolated reweatedlyv from
collansecd wmetaxylewn elements of axis buncles.

In addition to pathologic changes in the vascular
bundles, a markecd decrcase in starch storec in grounc
varenchyma cells has been obhcerved in diseased axes,
(Such cecrease is not to he confused with the geaeral
absence of starch in xylei pqrcnchyma in healthy buncdles
of an exis.) In cPver"ly ciseased stewms, very llbtle
starch may be cdetected in. ground parenchyna cells.

The utilization of starch by F. oxysporum ¢growing
out of diseased bundles was demonstratec. C[ilter-paper
discs, dinped in soluble starch, were placed on the trans-
versely-cut surfaces of axes and heélcd in place by inverted
Fetri plate halves., Aifiter a short incubation, the hydrolysis
oi starch was denonstirable by negative iodine reaction in
areas ol Ciscs coincident with diseased bundles in the axes,
it is not to be inferrec that the decrease in starch in
grounc parenchyns is due to direct starch utilization by
fusariua, since it is possible that bhoth soluble carbohy-
crate translocation and starch synthesis iay be disrupted
in a discaced axis, 1In adcditioun to the foregoing host
responses Lo Fusariwm infection, iwbalance in the water
econony oi leaf 1 lam,au, as well as the nresence of & toxin
has been renoried (Puge, O.1., fhytopath., 40:61-65; u49:
230y 19590

vhe assistance of r, 1, Lent, L& Lima, in Iixiag,
and¢ of Dr, i, W, llcGahan, Horwoocd, in sectioning aad
nhotograni:iag the u“es tirsue illustrated in Ficures 9
20 10 inclusive, is ¢gratefully acxuowledgec.



Conclusions

The Fusarium wilt pathogen nay induce several responses
on the part of a Gros iiichel host, These pathology responses
incluce: 4

1. The comnonly observed e:iternal symptoms which include
chlorosis, leaf petiole failure, and cecath of leaves.,
An observed range in such external symptouas, together
with the demonstrable presence of more than one variant
of Fo oxysporum f. cubense (and bacteria) makes unten-
able the civision of the syadrome complex into two
distinct categories,

2. Internal symptoms associated with F. oxysporum £. cubense
in the axis include: : '

(a) Browning of vascular bundles, with or without the
lmmecdiate association of a pathogen.

(h) The presence of .an amorphous "plugging" substance
of unknown comp051t10n within the lumen of tracheary
elemenus. :

(c) Tyloses w1Lh1n the lumen of trachearj elements
particularly uetaxylem elcments._

(d) Hypertrophy with or without hyperplasiavof parenehy-
ma was associated with little to complete collapse of
metaxylem tracheary elements., The general description

of vascular and adjacent ground parenchyma has bheen
shown, _

(e) larked recuction in stored starch in ground paren-
chyna,

These preliminary ohservations indicate a complex host-
parasite interaction in which Lhe role of bacteria has not
been elucidated,

TABIE I
NU!BER CF CELLS FRCM FOURTEEN GROS IIICHEL AXES
INFECTED WICfH FUSARIUL AND BACTERIA, LAKE 1,
GUARUA FARM 3

BACTERIA
0 +
= 47 738
=
- 48 115 | 163
(%)

253 |31+8 (Total)

FU




necoruicndations

To investigate host-parasite interactions following
inficction but bhefore sywptom expression. This would not
involve furtlicr clucication of observablec host-parasite
relationships, but woulcd involve soue more basic inter-
action possibly occurring hefore those reactions which
resuli in obkservable pathologic host respornses,

Prenared hy
O. T, Page

DPecewber 1, 1959
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Legends to Plates

Figure 1. Plug 1.5 cm in diameter removed by cork horer
from the central part of an axis,.

Figure 2, Plug broken and 2 portions pulled apart to ex-
pose the wall thickenings of tracheary elements, .
The wall thickening of an indivicual tracheary
element can he removed and cultured, or a water
suspension of spores can he made,

Figure 3, Conical apex of a seconcdary wall thickening
removed from a tracheary element, Note hyphae
of Fusariun, '

Figure k4, A plug, as per Figure 2, with wall thickenings
. . twisted to facilitate removal and a group of
wall thickenings removed from an axis plug.
- Such group of wall thickenings may bhe immersed
in sterile water to nrovicde a spore suspension
directly from diseased host cells,

 Figure. 5. "Normal" bundles, Phloem parenchyma and xylem
~parenchyma cells adjacent to tracheary element
small, no cvidence of hypertropnhy,

Figure 6, Hypertrophy of the phloem parenchyma has caused
- consicderable collapse of the large metaxylem
element,

Figure 7. Similar to Figure 6, but with virtually complete
collapse of the metaxylemn.

Figure 8, Unlike those bundles illustrated above, The
partial collanse of the metaxylem element here
has been brought.chout by essentially ecqual
hypertrophy of the phloewm parenchyma and the
xylewm parenchyma, (Note the tyloses in the collapsed
element, S

Figure 9, An example of advanced hypertirophy in which the

' large metaxylem elements have collapsed as a
result of hypertrophy of phloem, xylew anc
grounc parenchyma. It woulcd appear that phloem
caud xylem parenchyma cells, following their early
hynertrophy, have become aecrotic and have col-
lansec,

Figure 10, Further degeneration which has involved more
than oune hundle, Necrosis and collapse of

parenchyma surrounding the affected bundle
is general,
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rhe influence of foliar applications of
zinc on the Fusarium wilt of banana,

Intpoduction
”—’_“

Sadasivan (1) reported that foliar applications of zinc as
2nSOy altered the susceptibility of cotton to Fusarium vasin-
fectum and thus controlled cotton wilt, This was explalned to
53755; to a reduced substrate of pectin in the roots of the cot-
ton plant, Zinc was found to bhe a limiting factor for fusaric
acid production in vitro. This author also reported a charac-
teristic vein-clearing symptom and a fluorescence in ultravio-
1et light (3,560 A) acropetally and histologically,

Attempts to observe similar effects of Zn on the Fusarium
wilt of Gros Michel banana have been made, The vein-clearing
symptom and the fluorescence in ultraviolet light were not ob-
served in Fusarium wilt of banana,

Exgprimental’Obsepvations

- Uniform Gros Michel plants were treated in the greenhouse
with two foliar applications of ZnS0O, in aqueous solution, one
week apart, Two weeks after the fir%t treatment they were in-
oculated with an isolate of Fusarium oxysporum f, cubense, Treat=-
ments were 1, 10, 100, 1,000 ppm Zn50, and each treatment was
replicated 3 times, HAppropriate checks consisted of a treatment
with water and a non~treated group,

~ All plants showed external symptoms of Fusarium wilt after
1+ days from the time of inoculation, regardless of the treat-
ment with 2n30,, Plants that had been treated with 100 and

1,000 ppm of ZnS0, showed a more severe symptom than those treated
with lower concen%rations of ZnS0y,

~ Samish (2) reported that the level of leaf magnesium was
ralised in bananas by increasing the zinc supply. No attempt was
made to confirm or reject this report,

Recommendations

_ The influence of trace elements on the growth and biochem-
1stry of the banana plant needs further investigation,

(1) Sadasivan, T. S. 1959. 1In vivo changes in Fusarium wilted
cotton, &bst, Proc, IX Int, Bot, Con, II: 338,

(2) Samish, ®, M, 1959, Zinc nutrition in horitcultural prac-
tice, Abst, Proc., IX. Int, Bot, Con, II: 341,

Prepvared by
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The Influence of Soil Lioisture upon
symptom Development of Fusarium Wilt
of Banana.

Introduction

—

Under greenhouse conditions that are favorable for external
symptom development of Fusarium infections, plants that are main-
tained in moist soil will not develop external symptoms; however,
external symptoms appear if the plants are maintained in soil of
low moisture content (1), The present study was made to deter-
nine the effect of water-logged soil on symptom development of
infected plants, The temperature, per cent, relative humidity,
and general condition of light were recorded, but will not be
included in this report,

Experimental Observations

Plants were inoculated with an isolate of Fusarium oxy-
sporum f, cubense by cutting off 4 roots, one inch from the
rilzome. oots near the crown of the rhizome were selected
for this purpose. These plants were then repotted so there was
a shallow layer of soil above the crown of the rhizome, Prev-
ious experiments have shown that this method of inoculation
and post—inoculation culture resulted in early above-ground
symptoms of Fusarium wilt,

One group (5 plants) was watered according to the schedule
given in Table 1, Six days after inoculation the other group
(5 plants) was placed in sixteen inch clay pots that had been
plugged to prevent drainage, These pots only temporarily held
water but by daily filling them with water there resulted a
water-logged soil, <Theck plants were incluced for each condition,

above-ground symptoms were apparent in both groups of in-
oculated plants within 14 days from the time of inoculation,
Plants maintained in the water-logged soil showed more severe
symptoms than those held under restricted soil moisture, Un-
lnoculated plants in the water-logged soil appeared healthy.

Root formation appeared to have been stimulated by this treat-
ent,

l, lilson, E, ia, 1958, Gros isichel as a host in a guick
pathogenicity test for Fusarium oxysnorum f, cubense,
Annual Report, Central Research Laboratories, '




Synptoms in the inoculated plants that were held under
restricted soil moisture were typical. Uninoculated plants
appeared to have draught-hardened from this treatment, but
showed no symptom of Fusarium wilt,

Discussion

These observations may possibly elucidate the conflicting
observations on the seasonal occurrence of symptoms caused by
this disease. Above-ground symptoms of this disease apparently
occur under the two extremes of moisture conditions of the soil
when other environmental factors are favorable., Whether light
intensities, humidities, and temperatures, that are favorable
for the development of symptoms under one soil modsture conditigy
will or will not also he favorable under the other soil moisture
condition is yet to be determined,

Water-logging the soil as a method for obtaining abhove-
ground symptoms in Fusarium infected plants may be used in stud-
ies on virulency of isolates of this fungus and in determining
infection of experimental plants when dissection of the plant
is not desirable,

Conclusions

Symptom development of Fusarium wilt is favored by either
an excess or a deficit of soil moisture, This observation
apparently elucidates the conflicting observation on the seas-
onal occurrence of this disease,

Recommendations

None .

Prepared by

Eugene &, iilson
December 1, 1959
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Table 1, Schedule of watering plants to obtain a moisture
deficit in the soil which favored symptom development in
Fusarium infected Gros Michel banana plants, (Weiyht of
plant, pot, and soil was between 9 and 10 thousand grams),

e

Days after Inoculation

Date
August 17, 1959
18

19
20

September 1
2
3

Ml of water added

400
400
300
300
100
100
100
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A Correlation of Virulency of Isolates
of Fusarium oxysporum f, cubense in
Abaca and Gros wlchel Banana ®

Introduction

Five isolates of Fusarium were found to show variation in
virulence to abaca (1), These isolates were of the five culture
types suggested by tir, B, H, siaite. They have been described

by #aite as follows:

1, Sporodochial type - slightly or moderate mycelia and
pigmentation in agar, parental non-mutated,

2. Sporodochial type - no pigment in hyphal or agar, par-
ental non-mutated type.

3. White mycelial mutant; a stable clone arising from 1 or
2, no pigmentation in agar,

4, Wooly mycelial mutant; unstable, readily going into type
5, pigmentation in coarse, heavy aerial hyphae is often
very pronounced, arising from 1 or 2,

5« Slimy pionnotal mutant, arising from 4%; with heavy pig-
mentation in submerged hyphae,

Further tests with thcse isolates have indicated that there is
a definite correlation between virulency for abaca and Gros
siichel (GM) banana plants within these five isolates,

Cxperimental

Abaca plants (variety Bungalanola) and banana plants (GM)
were inoculated with these five isolates of Fusarium, Ten abaca
plants (1-2 feet tall) were inoculated with each isolate, These
tests were repeated 3 times with abaca and twice with banana, The
severity of disease was recorded in terms of external symptoms
based on an arbitrary scale. &11 groups of plants were compared
against an appropriate check group about 20 days after inocu-
lation ( Table 1),

Discussion

Culture type or characteristic has been associated with
syndrome and pathogenicity of isolates of F, oxysporum f., cu-
bense (2); however, this association has not been reported from
studies with potted plants in the greenhouse with similar soil
and a uniform environment,

:S@over and Yaite (3) reported a correlationof Fusaria sus-
Céptibility in tiusa bulbisiana and Gii, Their observations were
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based on root invasion., The present results show that suscep-
tibility to Fusarium attack in abaca and Gii banana are correlated ¢ -
There is not enouch evidence available to recommend abaca as ap 1

experimental host from which cata could be obtained and extrap-
olated to Gii banana,

The present results with these five isolates indicate that

virulency of an isolate can he lost, e.g, isolate 4 arising frop il
isolate 1, This observaticn with these isolates is inconsistent
with the observation that virulency is retained in variants a- EX

rising from a single microconidia regardless of culture type,

Conclusions

None , —

Recomriencdations

#n analysis needs to be made to determine if virulence is
lost or gained in some variants arising from a specific isolate
of Fusarium oxysporum f, cubense. Such an analysis should be
made with a stancdardized pdbhomen1c1ty test, _ S p

1, ilson, E, i, 1959, Virulency of five isolates of Fusarium
oxysporum f, cubense in abaca seedlings. 3rd Quarter deports,
Central lesearch Laboratories,

2. Stover, 2, H, 1959, Studies on Fusarium wilt of bananas. 1V,
Clonal dlfferentldLlon among wilt type isolates of . oxysporum
f. cubense., Can. J, Botany 37: 245-255.

3« .utaover, il..H, apd B, H silaite, 1959, ‘Studies on Fusarlum
wilt of bandnas. V, Pathogenicity anc¢ distribution of I,
oxvsporum f, cubense Haces 1 and 2. wanuscript submitted
to Can. J. botany,

Prepared by

Fugene Li, Yilson
December 1, 1959



ple Le Ratings of external symptoms resulting from
T8 inoculation of abaca and banana plants with
five isolates of Fusarium,

External symptoms rated on an
arbitrary scale of 0-10

"
Isolates
fxperiment
Numbe r 5 3 L
a® b A B A B A B
a—
1 10¢ 10 10 10 8 8 3 0
2 10 10 10 10 5 6 1 0
3 10 10 10 3
a Abaca
b Banana
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Pathoqenicitx Test
g — i

Resistance and susceptibility of banana varieties can bhe
)etermlned under certain greenhouse conditions, by external
symp Loms (1 and 3). Varieties may show a spectrum of resist-
ance as was found with Gros iiichel, Cocas, Variety 67, and Val=-

ery (1.

£xternal symptoms of Fusarium wilt of Gros liichel banana
1ants are dependent upon environmental factors, The paramst-
ers 0of these factors have not been established due to the lack
of climatically controlled growth chambers, = Preliminary obser-
vathOS indicate that low relative humidities (20-50 per cent),
high temperatures of soil and ambient air (25-35°C) and high in~-
tensities of light (5,000-10,000 foot candles) during the day,
along with low soil moisture are necessary for the development
of external symptoms of this disease in -young growing plants.
The formation of new roots at the crown of the rhizome may func—

tion to sustain the infected plant through these adverse cl*mat—
jc factors (2 and 3),

Virulency of five isolates of Fusarium oxysporum f, cubense
to abaca (variety Bungalonon) and Gros i.icnel bavnana plants was
found to be associated, An isolate which was extremely viralent
to abaca was also extremely virulent to Grow liichel banana plants
and a similar correlation occurred with less virulent isolates,
txterrnal symptoms in both hosts appeared 14 days after inoculation

when incubated in favorable conditions for the development of these
symatoms (&),

flistological studies indicate that vascular tissue of a ba-
nang rhizome has a pH which is slightly higher (pH 5.6) than the
surrounding parenchyma (less than 5,6), Sap from Valery plants
had a pH of_&.25 and that from Gros i:ichel had a pH of 4,6 (1).

1, Jilson E.ii, and C.H. Beckman. 1959, Pathogenicity of Fusarium
oxysporum f, cuhense, 1st i unarter Reports, Central Research
Laborutorlcs.

2. Wilson, E.k. 1999, Pathogenicity of Fusarium oxysporum £, cu~
hense. 2nd Guarter leports, Central Nesearch LQBoratorles.

3 « 1959, Fathogenicity of Fusarium oxysporum f.
cubense, 3ra Quarter Reports, Central Research oratories.

4, o 1959 Virulency of five isolates of Fusarium

oxysporum I. cubense in abaca seedlings, 3rd Quarter Reports,

ntral itesearch Laboratories,

frepared by
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The Possible Healing of
cut Button Seed Surfaces

During a study, earlier this year, (2nd Quarter Report 1959)
on the germination of pieces cut from button seeds it was noted
that the pieces survived longer when the cut surfaces were not
allowed to dry out, i.e., cut seeds were held at high humidity

rior to planting and during germination, An investigation of
this phenomenon, in which quartered seeds were held at either 80%
or 20-35% R.H. at 90°F, indicated that morphological differences,
at the surfaces, were associated with relative humidity during

The surfaces of pieces stored at high humidity showed a
positive liignin reaction with phloroglucinol, whereas tissue.
stored at low humidity did not., At high humidity storage sur-
face cells resembled normal cortical cells and appeared viable,
whereas, at low humidity, loss of cell structure resulted in a

fibrous, Giscontinuous surface layer, -

Dr. bl, kcGahan expects to reactivate this praject in the
coming year,

Prenared by

tonald C, Wornick

December 31,.1959
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um Impregnation of

yacu ; i
e on Seeds with Fungicides

putt

Attempts were made earlier this year (2nd Quarterly Report)
o drive an aqueous solution of 2-mercaptobenzothiazole into
putton seed by the vacuum lnpregnation techniques. Penetration
4id not exceed the second centimeter from the surface. Further-
pore, it was shown that compounds of this type may rctard the
petabollic processes of the plant, A prereguisite for this tech-
pique is, therefore, the selectivity of a lethal agent for the
athogen without threatening the host. - For want of a material
ghich might have these properties, the project has bheen inactive,

The possibility of improving penetration by using a gas,
such as ethylene oxice, is currently being considered by American
-sterilizer Company (Penn.), and the reactivation of this project
will depend on their initial findings,

frepared by

. C., Wornick

Pecember 1, 1959
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IrradiatiO“ of Button
5eeds and F. o.c,

—

packground

The ability to penctrate and the absence of thermal effect
nakes high energy ionizing radiation of particular potential

yalue in the "sterilization" of a relatively large and heat-
‘ sensitive material such as banana button seed,

Although the probability of genetic mutations would be a con=
sideration in a large-scale seed irradiation program, a prelimi-
nary study to determine the death rate of irradiated button seed
. and of Fusarium would indicate the potential value of radiation as
I 2 method of obtaining "clean" button sced,

‘Progress

~(A) Death rate of Fusarium oxysporum f, cubense,

: Eighteen~day old cultures of F.o.c., clone D (H, Stover) on
slants of potato dextrose agar were irradiated by a Co-60 gamma
source at a dose rate of 190 Krad/hr, for total dose levels above
37000 rad and at a dose rate of 2850 rad/hr. for lower total dose
levels, Continuous dosimetry was performed by ionization chambers
and cobalt glass dosimeters, Immediately after irradiating, and
again seven days after irradiation, slants from each total dose
level and from a non-irradiated control group were individually
dispersed in water and a total count of spores and vegetative
fragments was taken by means of a hemacytometer, The suspensions
from each slant were then plated out after serial dilution, Sur-
vivors were counted three to four days after plating, The poihts
siowmn on the following curve represent the number of survivors

after adjusting to an initial count of 20 x 107 and after correcting
for the per cent lost in the control, Zach point represents the av-
erage of five replicates of each irradiated slant, The lines were
drawn through the points by the least sguares method,




NUMBER OF SURVIVORS

ioﬁ

Death Rate of
Fusarium oxysporium f, cubense

Irradiated with Cobalt 60

—— Plated on day of irradiation

-—- Plated 7 days after irradiation

0 50 00 50 200 250 300

GAMMA DOSE (Krad)
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(B) Germination of gamma irradiated banana button seed.

Button seed were given various gamma doses as shown
pelow and were then planted in a moist sorgum-moss hot-bed at
9OOF for germination., The results, forty days after irradi-
ation, are shown in the following figure. Continuous dosi-
metry indicated that attenuation of the ionization intesity
py the sample did not exceed 24% in the areas of lowest expos-
ure.

Germination of Garma Irradiated Button Seed

Dose Number Numbe r Plant Height No., of firm
(Krad) of seeds Germinated Lverage (in,)* ungerminated
seed

‘Control 31 26 20 0
.096 15 14 16,8 0
RS 15 10 16.5 0
72 15 . 10 14,9 0
3.5 15 6 8 5
11.8 15 i 1 5
58 15 0 - RS
SR 15 0 - 1
285 0B o - s
570 15 0 - 0

* Crown to candle top

Conclusions

If 11,800 rad is taken as the approximate maximuim garma
dose which button seed will survive, 70% of the Fusarium would
be destroyed at that dose level,

ecommendations

Mone .

Prencred by

Ronzld C, Yornick
&llison Li, Fletcher

Decemher 1, 195
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Clean 3eed

packground

The possikility of subjecting button seeds to a thermal
treatitent for the surpose of recducing or eliminating various
pathogens or pests has been consicered previously, Using not
water batih methocCs, however, seed damege resulted from the long
exposure made necessary by the low rate of heat conduction,
This scemed to indicate that thermal "sterilization" must be
limited to surfece "sterilization",

A Getcrmination of the thermal death rates of both button
seed and Fuszrium chlamydospores (Morwood snnual leports 1958)
indicated that the petiogen weuld actually survive slightly
more neat than the host. This difference was relatively small,
however, and so the possibility of incrcasing the thormal re-
sistance of button sceds cind of developing a rapid and uniform
sced-heating metiiod were ianvestigated in order to ciminish this
ciifereance in death rates and to wore ngarly apyroach an internal
"sterilization" as well.
FroGress
(&) Effect of storage conditions on
heat resistence of button seeds,

3utton seceds were stored at 80°F and 655 R.H. (lst Quer-
ter ileport 1959) -and at 60°F, 80°F and 90°F at 60j% it.H. (2nd
.uarter iteport 1959), Zcriodically, tissue discs were cut by
microtcme from the meristem of seeds taken from the various
storage ccunditions, Total 5 hr, respiration, and respiration
rates, of samples heated 5 iiin, at 131°F and on unheated sam-
nles, were then deteri:ined i:anometrically at 86°F,

This investigation incdicated tiuat of the storage condi-
‘tions studied tlie lowest storage tewperature resulted in the
wost heat resistunce, Uuder all ccncitions the seeds approached
a maximum heat resistaince which was :laintained for a period of
o nore tian tvo to three cuys and cuickly lost, It was also
suowia that the tiie to reach the period of ‘maximum heat resis-—
tence iscrcases with Ciminishing storage temperature. The 18-
20th day of storage at 60°F yielcded seecds of maximum heat re-
sistance, :



(B) Geometrically uniform seed material,

The very irregular size and shape of button seed has con-
siderably complicated the developuent of heat treatment methodsg
since no two seeds are heated equally, whether by hot water or
microwave energy techniques,

To determine if button seeds might be trimmed to a partic-
ular reproducible shape (2nd juarter leport 1959) which: would _
germihate well and also lend themselves to heat treatment, a
large group of seeds was cut into various shapes, surface cured,
and planted in mdist sorgum moss,., Cylinders 2l (diameter) x on'
(length) which were cut to include the apical growing point at
one end were far superior to all other shapes con¢1oered Of the

24t cylinders of this size planted, 20 germlnated and put out well.

developed root systems. There were no-incidences of rot in the
germinated cylinders, #&ll other shapes and sizes investigated
either germinated poorly (smaller cylinders) or were prone to rot
(sllces§ Ten weeks after germination, plants from 23" cylln-
ders and from whole hutton sced were eoual in helght._

(C) Heating button seed cyllnders;w1ph_m1crowaye energy.

Tarlier studies (Norwood Annual: ieoort 1958) on microwave
ecguipment, and microwave heated hutton seeds indicated that -
nighly irregular heat patterns were set up within individual
button sceds, This was due partly to the irregular geometry of
the seeds dnd vartly to irregular field patterns in the heating
chamber., i/hen the feasibility of geometrically uniform seed
pieces was later demonstrated, it becane de51rable to reeval—
uate microwave heating. ’

To eliminate temperature differences caused by field ir-
regularities a device for soving the sample through the field
was constructed, ./hen 21" dia, cvllnders were tnen.eX)osed to -
1600 watts of 2450 me, heat patterns were much 1mgroved How-
Ve Ly ;0 tem)erature gradient existed from’ tne'cblinﬁer'subface
to its center, The possibility of utilizing .a more penetrating
wave length, 915 mc, was considered and ecuinment was made avail-
able through the courtesy of Dr, itobert Jecareuu, laytheon lan-
ufacturing'Company. i series of trial and error exposure pro-
grams, utilizing both wave lengths and several ‘wattages, resul-
ted in a method for attaining a reasonably uniform temperature -
(+3°C) in the desired range of 50-65°C, The' optimum exposure
program consists of 1,000 grams/112 sec., /800 -watts with micro-
wave exposure times in the ratio of three to one of 2450 mc
and 915 mc in that exposure seguence, If the available energy
is maintained at 800 watts, then the total exposure time is -
c1rectly proportional to sample weight and:is’ detormined: from the
ratio given above, :
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An experiment to deteérmine whether 2!4" cylinders would sur-
yive such a treatment was performed. Upon receipt of button
eeds from Coto& Costa Rica, each seed was cut into a cylinder
py means of a 2&".cork borer and then trimmed to 2" in length,
a total of 84 cylinders was used as follows: 30 cylinders -
ulmeated controls, 30 cylinders - heated to 52°C +3°C and cooled
¢ room temperature (=R27°C), and 24 cylinders heated to 52°C
i_‘3‘:5, hgld at room temperature for 1 minute (to equalize), thens
“ooled in running tap water at ~15°C for 5 minutes, All three
roups were then planted in a moist sorgum-moss hot bed at 90°F

for germination, The table which follows summarizes the results
of this test,

Sample No, of cyl- No. germ- % germi- Aver, plant
. inders used inating nation  height“(in,)
1 _
Control 30 20 67 15

Heated to 52°C+3°C :
equalized at room 2k 17 71 .12
temp, and cooted in '
running water at =15°C

Heated to 52°C+3°C
and cooled at Toom 30 L 13 7
temp, =27°C

(1) Cylinders were not surface cured before
heating and planting,

(2) Measured crown to top of candle,
Apparently one minute at 49-55°C is a safe treatment., If the

heat is not then removed, however, severe damage will-result as
a consequence of the very slow cooling rate at room temperature,




Conclusions

Button seed cylinders 2%'" (dia,) x 2" (length) with the
apical growing point at one end will produce 70-80% as many
plants as whole huttons and may be heated to 52°C#3°C by a
microwave technique without interfering with germination,

Recommendations

The microwave technique decribed in this report should
now be applied to button seed which are known to be infected
with either nematodes, insects, Moko, or Panama dlsease or
combinations of these pests or pathogens.

Prepared by

R, C. Yornick

December 1, 1959
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cpne Vascular Anatouy of the
ahizome of Banana.

gackground

The relationship between the vascular systein of the banana
and vascular wilt diseases is apparent. The purpose of this
investigation is to examine, in the greatest possible detail,
the structure, arrangement and nature of the transport system
of the plant., There will be essentially two phases to this
study: 1) The nature and distribution of the tracheary ele-
ments; and 2) The patterns of vascular interconnections between
leaves and roots. U : ,

There has becn only one definitive study on the distribu-
tion of vessels and tracheids in the banana (1). In. the two
varieties reported (lfusa paracdisica L, and M, paradisica var,
sgpientum Kuntze), vessels were found only in the roots anc in
the inflorescence axis and ".,.avparently nowhere else in the
shoot system". Less specific observations have been mace inci-
dental to other studies (2,3,%) and should be re-examined, The
nresence or ahsence of perforated cells (vessel elements) in
the conducting system may be of critical significance in the
spread of a pathogen in the host, :

The exceedingly complex pattern of vascular bundle dis-
tribution in the rhizome has heen described only in general
terms by Skutch (3). He was able to trace the course of single
bundles in mature, or nearly maiure, rhizomes, A more complete
and detailed picture is required if we are to understand the
movements of materials in the plant,

k’POS} ress

1, The investigation of the nature and distribution of
the tracheary elements is in its earliest stages. Various
techniques, such as macerations, and dye infusion of fresh
and killed material, are to be employed. One observation of
Interest is the occurrence of what appears to be perforations,
ranging in diameter from 2 - 4 microns, in the common wall
between two superposed tracheary elements, These perforations
are distinctly not those usually associated with vessel elements,
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Figure 1 shows these perforations (gerf) in the primary wall
material between the spirals of secondary wall material (sw)
taken from & vascular bunéle of the leaf sheath of a Lacatan
nlant. This fragment of wall material was removecd froir the
plant by locating the indivicual tracheary elemeni uncer a
dissecting microscope and with fine forceps pulling out the
snpiral thickening, bringing with it fragmenta of the primary
wall, Dr. Beckiian hac immersed the base of the psecudostenr of
this nlant in a suspension of carmine recd. (See [Lr, Be ckinan! g
reporc for a fuller explanation of this.) The carmine reg
partlcles had moved up in certain bundles in the leaf sheathg
and account for the darkened areas in Figure 1 (cr). If these
elements are incdeec¢ tracheids, as suggested by Cheacle (1),
then the presence of such nerforations may explain the moveren,
of the particles of cdyc.  Insofar as I have determinec at thig
tiue, howcxer, such.perforuLions-have not been reported- in
tracheids except in the closing membranés of horcdered pits
in the C00¢f8[d105, ang hﬁrn the perforations are much suialler
11‘ C:lul'l LCP - :
A 2., - In order to cetcrmine t! uattcrns of vascular inter-
connections, scrial transverse sections of entire rhizomes
cusd be mace - 1Theése sections uusi “Then ‘be phouogruphed and
each’ vdaCUldP bundle lahellec as it joins the axis frow the
leaf bhase. 3y followinyg the course of each.buncle through
stccessive sections, the entire pattepn will eveitually he
revealec ., t is necessary to hegin with g seedling rhizoue,
since it is only ai this stage thai the pattern is likely to
be sufficiently simnle to uncerstand. Once this has heen
accornlished, it will then he possible to underiake a stucy of
vhe larger and Cecive(]y more complex structure of the older
rhizoues, It is axiomatic in gjmnospexas and angliosneris
that all prisary vascular buncles of the siens are .aerely
lower extensions of the ledaf traces, with various, usually
regularp, -patterhs ol intercgonnéclions,’' "There isuagireason
to suspecit that the banana plant wiil nrove an excention,
However, uatil this stucy is conp]ctcu, it will not ke known
to what extent the various bhuncles are relatec¢ to each other

8

to sny ¢given leal and to any given rooi,

sl the present tive, "in ‘Lhe sesdling 'whizone ,0f
.uisa halbisiana, the buncles have been traced from the level
of the apical merister: to the level of the uppermost root
prinordiuvm. ~t this latter level, mosi of the bundles are
immature ancd consist only of pWOCdmbium. There has heen,
furthermore, & aurwrisin“ absence oi huncle inteérconnections.
At the level of the fl;bh node fror the apex, there are ahout
75 or 30 separate buneles, each bundle having remained dis-
crete in the arca examined,
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Jhen the present series has been completed, we will
continue the study using older seedlings anc rhizoumes
derived from lateral buds.

Conclusions :
COnEiuo s

[lone

necoimnendations

This study should be continued as outlinecd ahove,

‘the Anaiomy of the Embryo and
Seedling of ilusa halbisiana.

Sackground

In conjunciion with the seed germination stucies oi M.
balbisiana being concucied by the Soil ilicrobiology Secvion,
an inveciigation of the wornhhology and anatony of the secd,
eubryo ancd seedling has heen initiated,’

The ceed anc eubryo have heen cdescribed a number oi tinmes
in the olcder literature. Wittmack (5) in 1867 and Greve (6)
in 1909 cescribed the seed of . ensete; Humnhrey (7) in 1896
cescribed the scecd of il rosea; Gacin (3) in 1908 describec the
eubryos of i, reliyiosa and ri, coccinea; anc Juliano anc Alcala
(9) in 1933 cescribed the seed of il, errans. There has been
no study of i. balbisiana ancd no detailed stucy of the eubryo

or seccling of any species or varieiy ol bhanana,

2rogress

To cate, only a superiicial anatomical stucy of the embryo
has heen wacde. Clctages of latec embryogeny anc early germina-
tion wust be studiedc to enahle us to make a more valid inter-
nretation of this rather unusual embryo.

Figure 2 is a drawing of a median longitudinal section of
a nature embryo excised frow the seed, The embryo is an ob-
viously mushrooii~shapecd structure wiih the "cap" functioning
as the coiyledon, This upper, rounced portion of the embryo
remains appressed against the encosperu of the seed and acts
as the absorhing organ, This cotyledorary region is profusely
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vascularized by a radiating system of procambium strands.
figure 3 is a transverse sectiod at the level-incdicated
by A in Figure 2, [or greater clarity, the procanblum
strands visible in this particular section have been-out-
fined,

At a slightly lower level (B in Figure 2), the pro- -
cambhium is restrictec to a small central region. This.
region, on the basis of morphology, must be consicered a
part of the cotyledon, The eubryonic axis, consisting of
epicotyl, hypocotyl and racdical, forrs an angle of approx-
imately 90 in Figure 2, th, axis is indicated by a
broken llne. 'The only region that can properly be termed
"hypocotyl" lies at the angle. Directly opposite the tip
of the epicotyl there is a longitudinal fissure which
Greve (6) termed the '"cotyledonary split". It is apparent-
ly through thls split that the eplcoL/l will emerge upon
germination. The split can be seen in Figure: 5 which: is
a transverse section taken at level C in Figure 1.

The eplcotyl consists of one leaf (the coleoptlle)
and a dome=shaped apical meristem. (Figure 6). The vascu-
larization of these structures has not yet been determined,
- There is apparently a typical root tip organization at the
. apex of the racdical. ‘ P

In acddition to the epicotyl ahd'raaicqi there are
several adventitious' root primordia already present in the
mature embryo (ar in Figuresl and 5). :

Conclusions

None

necoumendations

Continuve the present stucdy to complete the details oif
histology of the mature embryo and study the late embryogeny
as well as germination stages up to the point where the study
of the rhizome comaences.,

Prepared by

1, W. LicGahan

Lecember 1, 1959
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LEGEMDS TO PLATE

Figure la A fragment of the comion wall hetween two element
froa the leaf base of a Lacatan plant, Several
perforations (perf) can be seen in the prisary :
wall between the secondary wall thickenings (Sv) :

{1000,

Figures 2 to 6. mature embryo of idusa balbisiana.

Fig. 2. A drawing of a near median longitudinal section,
The broken line indicates the eumbryonic axis wity
the epicotyl at the right and the radical at the
bottom. ar - adventitious root primordiuu. X50,

igs. 3+ A iransverse section taken at level A in Figure 2,
As in Figure 2, the procawbium has been outlineg,
The apparent absence of vascularization on one sig
is due to a slight obhliquitly of the section. X100,

Fig. 4. Similar to Figure 3 taken at level B in Figure 2,
At this level the procambium is restricted to the
central portion., :{100.

ig. 5« Siwmilar to Figure 3 taken at level C in Figure 2,
The epicotyl, not in a median plane, projects
laterally toward the cotVIedonary snlit (cp).
Three acdventitious root primordia (ar) are visible
in this section., X100,

Fig. 6. A transverse section cbout 40 microns below the
level of FFigure 5. This is approximately inedian
for the epicotyl. apical meristem - am; first
leaf or coleoptilec - col. X100,
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CENTRAL RESEARCH LABORATORIES
Norwood, !ass.

BPG-0-10 Plant Physiology Section
BPi+1-10 Annual Project Report 1959
BDF-3-30

Growth of Banana Plant as Affected
by Environmental Factors, and
Comparative Biochemistry of Banana
Varieties in Relation to Resistance
to Fusarium Wilt: Tannins ‘

Background

Banana plants were grown at four different light intensi-
ties for the following reasons: First of all, to determine the
optimum light conditions for growing banana plants since this
is important in growing plants in controlled growth chambers
for subsequent studies on the affects of other environmental
factors, host-parasite interactions, metabolic changes, anc
floral initiation, JSecondly, the tannins were determined since
they havebeen implicated in resistance 0f other plants to in-
fection (See Annual Report-19958), Thirdly, the affeci of light
intensity on infection was also determined in order to study
its relation to tannin concentration,

Progress

Gros :ilichel hanana plants were grown froin button seed in
9 inch clay pots containing loam soil and were subjectecd to
four different light intensities. The details of this phase
of the stucdy iuay be noted in the Seconcd Quarterly Repori-19959.
Growth imay be exnressed as the change in length of successively
new emerged leaves (Annual Renort-1958)., Figure 1 shows that
growth at 2200 foot cancles was comparable to banana plants
growing under ¢reenhouse conditions. Similar results were evi-
dent for plant heighi and width of leaves (Seconc¢ Quarterly
Repori-1959), Figure 1 also shows that growth by the fifth
week under uniform light intensity enterec¢ a lag phase suggest-
ing a condition prinarily affected by the reserve material of
the rhizones.

At the end of ithe experiment, the four planis from each
light treatment were harvested and the tannins analyzed hy
niethods described in the First Quarterly Report-1959, ‘The
results as shown in rigure 2 incdicate that the highest light
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intensity increased the tannin content significantly in the
leaves and rhizomes. Light intensity did not, however, appear
to alter the tannin content of the roots.

The tannin content and the growth of a hanana plant appearg
to be affected by the size of the initial planted material. Thg
average weight of the initial rhizome used for plantiny was Lg),
360.0, 479.5 ancd 540,0 grams from the highest light intensity ¢,
the lowest light intensity, respectively. The size of one of
the rhizomes plantecd and grown at 630 foot candles was the largeg,
of all the rhizomes used, weighing 3838 grams. The tannin contepy
for this particular plant in the leaves and in the rhizomes was.
coparable to the tannin content found in those plants at the
highest light intensity, 'This might help to explain the increas.
ing order of tannin content in the rhizomes with the three lowep
light intensities,

Ten weeks after differential light, four plants in-each
treatment were inoculated by Dr, Beckman with a microspore sus-
pension of Fusarium oxysporum f, cubense (See Third Quarterly
Report-1959), Twenty-seven days after inoculation, plants con- -
taining the highest tannin content and at the highest -light in- -
tensity ha¢ the lowest number of plexal infections (305). The
three lower light intensities had plexal infections of 70y, 695
and 65%, respectively, with decreasing light intensity. Further-
more, the total extension of discoloration within each treatment
was also lowest for the highest light intensity.

Conclusions

Under the conditions prevailing in the. experiment, the
following conclusions may be mace:

1. Banana plants appear to grow as well at 2200 foot candles
artificial light as those ¢grown under greenhouse conditions, Lowet
light intensities result in reduced growth, This suggests that
light intensities approximately one-fifth of maximum sunlight
intensity will be recuired to grow bananas in controllec growth
chambers. :

2. Approximnately two months after planting, a lag nhase
appeared in growth of hutton seeds regardless of light intensity,
This suggests that reserve wmaterials of the rhizome had been
depleted and that growth prior to the light phase was partly
governec¢ by the condition of the planting material. Thus, ex-
periments with banana rhizoaes will have to consider that super-
imposed upon a particular treatment prior to the light phase will
be the growth due to the reserves of the planted storage organ.
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3« The highest tannin content found was in leaves and
rhizones of plants growing at the highest light intensity
(2200 £ ¢). Tannin content of roots regardless of light
treatment reimained unaltered,

4, The tannin content of a bhanana plant (at least in
the early stages of growth) may be in part related to the
size of the initial planting material used. If there is a
relation between tannin content and susceptibility to in-
fection, this sugygests that the size of the planting material
used may be very important from the standpoint of incidence
of disease,

5. Plexal infections of Fusarium oxysporum f, cubense
in the rhizomes and the extension of vascular discoloration
were found to be lowest in plants grown at the highest light
intensity and containing the highest concentration of tannin
in the rhizomes and leaves, . This suggests that the tannin
level of a bhanana plant may be correlated with the degree of
susceptibility to infection by Fusariuh oxysporum f, cubense,
It also suggests that Gros ichel bananas under low light
intensity or shace conditions may be niore susceptible to
Panama cdiscase.

Prepared by

S« R Freiberg
J. By, Greenberg

December 1, 1959
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FIGURE 2.

TANNINS OF GROS MICHEL BANANA
PLANTS AS AFFECTED BY LIGHT INTENSITY
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CENTRAL RESEARCH LABORATORIES
Norwood, lass.,

Physiological-kicrobiology Section
gpM-0-0 (1959 Summary) Annual Project Report 1959

gome Nutrients Found in the Vascular Sap of Banana Plants (1)
/— -

Freliminary resulis from a paper chromatographic analysis
of the free arino acids in the untreated (raw) sap from young
Gros iiichel banana plants showed the presence of five distinct
spots that reacted with ninhydrin, They were tentatively identi-~
fied as aspartic, glutanic acid¢, alanine, isolucine, and valine,
plants held in droughty condition contained the same amino acids
as those held in more favorable conditions of moisture (soil was
kept meist) for the plant, Cnly minute guantitics of sucrose
appeared in the untreated sap of these plants and other sugars
were not detectable by paper chromatographic. =~ i :

1. Wilson, E, M, 1999. 5Some nutrients found in the vascular
sap of banana plants, 1lst Quarter Reports, Central Research
Lanoratories,

Prepared by

gugene i, Wilson
December 1, 1959
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CENTRAL RESEARCH LABORATORIES
Norwood, .lass,

BPi+1-10 ; Plant Physiology Section
BLCF-3-30 Annual Project Report 1959

Comparative Biochemistry of Banana
varieiies in Relation to Resistance
to Fusarium Wilt: Polyphenol Oxidase

Background

As mentioned in the Second and Third Quarterly Reports-—
1959, there is evidence that the polyphenol oxidase of plants
may be an important factor regulating the resistance of a
plant to cisease. This enzyme, by altering the level of oxi-
dation of nlant phenols, may control the levcl of toxicity of

these phenols. » ) : :

Progress

In the Second and Third Juarterly Reports-1959, evidence
was prescnted for the exisience of polyphenol oxidase activity
in leaf and rhizome tissue of banana plants, -and various char-
acteristics of this activity were described. Since that tiue,
preparations from pseudostem and from roots have also been
shown to oxicdize polyphenols.

Activiiy was ileasured with a Warburg manometer at 29.4°C
The center well contained 0.2 ml of 105 KOH and a filter paper
wick, The side arm usually contained 1 ml of 1j substrate
which was tiped into the main compariment at zero time, The
main compartment contained 1.6 ml, including buffer (usually
0.5 ml of 0.1 M acetate or phosohate) and the source of enzyme

activity. Treatients within an exneriment were usually run in
cuplicate .

The source of enzyme was generally a tissue homogenate
mace by grinding fresh tissue with water or buffer, A Virtis
hormogenizer was used, and the flask was surrounded with a water-
ice hath, The grounc material was filtered through a single
layer of cheesecloth ancd stored in the freezer. The homoyenate
was either acsayed as such, or first separateC inio soluble
ancnarticulate fractions., This oepdratlon was effected by
ceatrifuging the homoyenate at 13,000 2P for an hour at 0°C,
The sunernatani was pou;ed off, and the particles resuspencea
in huffer, centrifuged again, anc finally resuspended in fresh
buffer to the orlglnql volurie oi homogenate,



Ty

For each tissue (i.e. leaf, pseudostcm, rhizome, root),
at least one experiment was run in which the following con-
trols were inclucded: 1) The homogenate was hoiled for 20
minutcs bhefore assaying; 2) The substrate was replaced with
water; in acdition, 3) Each substrate was tested in the abh-
sence of homogyenate., With all three types of controls, oxygep
uptake was ahsent or negligible. ;

Substratcs promoting oxygen untake:-

Tables I and II of the Third Guarterly Report-1959 give
data on the oxygen uptake observed with various substrales
when leaf homogenate anc rhizome homogenate, respectively,
are used as enzyme source,  With leaf honiogenate, the most
active substrates are: catcchol, pyrogallol, phloroglucinol,
chlorogenic acid, caffeic acid, and D-catochln. Gallic acid :
is less active, Lannlc acid nmuch less actlve, and resorcinol §
and hydroquinone are essentially inactive, The different '
subsirates appear to have different pH optima, even with the
same leaf homogenate, For example, gallic acid is oxidized |
-rauch more readily at around pH- §-5 than -at pH's greater than ;
5. ©On the other hand, the oxidation of phloroglucinol by
leaf homogenate drops markedly below pH C. Some substrates
are not as markedly affected by pll.

With rhizome tissue (See Third Quarterly Report-1959),
catechol is quite readily oxidized, pyrogallol less so, and
caffeic acia still less so, Gallic acid showed no activity, :
but the time interval nmight have been too short, : %

With pseucostem tissue homogenates, catechol and gallic
acicd were tested as substrates, Catechol was very -active,
gallic acid much less so. For example, in one experiment,
catechol caused 22 microliters oxygen uptake per minute, while
gallic acic caused about 1 microliter per minute,

With root homogenate, also, catechol and gallic acid
were tested as substrates, In an experiment in which catechol
caused 10 microliters oxygen uptake per minute, galllc acid
was 1inactive,

Checking whether enzyme activity in soluble or particulate
fraciion:-

The Third Guarterly Report-1959 (Table III) gives data
for both rhizome and leaf homogenates indicating that the poly-
phenol oxidase activity resides in the particulate rather than
the soluble fraction, It will also be noted that with both




-3~

rhizome and leaf, the activiiy of the particulate fraction
alone is greater than that of either the original homogenate
or the particulate and supernatant fractions assayed together,

The data in Table I incdicate that in pseudostem and root
homogenates most of the activity resides in particulate frac-
tion but there is also some in the supernatant. As with the
rhizome and leaf homogenates, the activity of the particulate
fraction alone is greater than that of the uncenirifuted homog-
enate or the particulate ancd supernatant fractions reconbined,

This 1is noteworthy in the case of pseudostem where the supcr-
natant and particulate fractions assayed separately give a

total activity of 12.9 + 3.8 = 16.7, whereas when assayed to-
gether the activity is 9.5. These data suggest that the super-
natant contains some substance inhibitory to polyphenol oxidase,

Lack of Qroportionality heiween enzyme level ancd oxygen uptake:-

. Tabhle I also indicates that by diluting root extracts
10-fold, the activity is only reduced to about half, a marked
cenarture from linearity. Lata frorm an experiment with leaf
homogenate also indicate this non-proportionality between
oxygen untake and enzyme level at the levels testeada. It does
not appear llﬂelj ‘that substrate is limiting at the higher

enzyme levels since the reaction mixtures contain 10 mng sub-
sirate (about 90 p moles catechol), The rate of oxygen
diffusion in the reaction mixture may be a limiting factor
at higher enzyme levels. Perhaps at lower enzyume levels
linearity may be observecd, although the technical difficulties
of accurately diluting a partlcle suspension nust he consic-—
ered.

Lack of proporiionality between oxygen uptake and time of
incubation:-

ror preparations of all four tissues discussed, curves
of oxygen untake versus itime of incubation are not linear,
tending to bend towards the abscissa, However, up to about
10 minutes (taking readings every 3, 4 or 5 minutes), the
reacings usually come close to being linear. Thus, if activity
is expressed as oxygen uptake per unit time, only values within
the first 10 minutes should be used.

Loss of activity after storage:-

The tissue howmogenates were stored in the freezer until
reacy to be used, at which time they were thawed and the re-
maincer re-frozen, Experiments with pseucostewn and root
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homogenates, in which the same homogenate was assayed on twg
cdifferent days but under the same conditions, demonstrated

a distinct loss of act1v1LJ. ror example, the root exiract
used to obtain the data in Table I lost about 75% of its
activity as comparec¢ with a previous assay a week before.

It would appear that most of the loss occurred during the
thawing nrocess and while it was in the thawed condition,
The extract had heen in the freezer for two months prior to
being assayed for the first time, and yet it was very active,
Several active pseudosiem homogenates which were assayed on
two succeecing days showed losses of from 23 to 71/, ‘“lhen
the same extract is to be assayed on cifierent days, it woulg
seem acdvisable to freeze several aliguots separately to avoig
the thawing and refreezing.

Acetone nowder preparaltions:-

Enzynies are often extracicd from biological materials b
grincding with very colc¢ acetone to precinitate the nroteins,
filtering, and ﬁrV1ng the resicdue, “he residue is then ex—
tracted with buffer to rcdissolve the proteins. Juch acetone
powcder prenarations were made froi leaI tissue and pseucdostcy
tissue to see whether by this means the polyphcnol oxidase
could he ohtained in a soluble form. (Cr. Forsyth found this
to he the case with cacao polyphenol oxidase,) The leal
acetore powcder extract showed no activity., 7This was not un-
exnected hecause the filtering process was very slow, allow-
ing the acetoneto warm up and probably denature much of the
protein. The pseudoster: acetone preparation showecd soue
activity. The extent of this activity seeiied to be less than
that of the pseucdostem homogcnahes nade by the usual procedure,
but adequate controls are not available. urther work with
acetone powders is anticipated, with care tdhen to keep the
acetone from warming up during the preparation,

Conclusious

Leaf, pseudostem, rhizome anc root tissue homogenates
of the banana plant can he prepared which, when present in
a mixture with a polyphenolic substratie, cause an uptake of
oxygen as measured on a Warburg anometer. Various aspects
0of the nature of this nolyphenol oxidase activity have bheen
stucied, Since there is evicdence that the state of oxicdation
of polynhenols in plants may be involved in disease resistance,
it is hoped that studies of this enzywme in resistant and sus-
ceptibhle varieties, as well as at various stages of Fusarium
penetration, may ¢ive us more information on the response of
the banana plant to Fusarium infection.

Prepared by

Jo. B, Greenberg
oy Re Freibery

December 1, 1959
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Table I

Site of Polyphenol Oxidase Activity in Root and
Pseudostem Tissue Homogenates

m—

pl Oxygen uptake
Fraction Tested per minute*

Pseucostem - uncentrifuged homogenate

NG)
]
~

Pseudostem - resuspended particles 12.9
Pseudostem - supernatant fraction 34
Pseudostem -~ particles plus supernatant 9.5
A** - Root — uncentrifuted homogenate 7%
A. - Root - resuspended particles Tl
A - oot - supernatant fraction 1.9
A - Root - particles plus supernatant 8.2
B** - Root - uncentrifuged homogenate 37
B - Root = resuspended particles b.2
B - Root - supernatant fraction 6 AL

3.7

B - Root - particles plus supernatant

*Based on 10 minute readings.
*¥B fractions are 1/10 dilutions of the A fractions, A and
B were assayed in the same experiment,
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CENTRAL RESEAZCH LABOUAT ORIES
Norwood, !lass.

ngkl—lo Plant Fhysiology Section
BLF=3-30 Annual Project ilenort 1959

Co:marative Biochenistiry of Banana
Varievies in Relation to lesistance
to Fusarium Wilt: Tannins

Packground

The tanning have bheen iuplicatecd in plant host-narasite
pelationships as indicated in the Annual 2enort-1956., There-
fore, the tannin content oif the various plant organs of a
number of varieties ire being studied to delerimine whether
such a reclacvionship exists in banana »nlants.

A technique suitahle for the analysis of taunin conient

invarious .banana nlaJL organs has heen cdeveloped (First

uarL°P1/ denort-1959). .in analysis of the tannin content
o, roots Ironi L'ClL—U rown hananas in Hoacuras (Table I, First
;uarterly cholt—1959) showed thati there was little cdiiier-
ence 4w the lcvel between the various resistant and suscentible
varieties, The ong excention was .lusa balbisiana which had a
content consicerahly higher than in any of the oiher varieties.
Analysis of the tannin content in the cortex ancd stele oi roots
fromm nlants grown in solutiion culture in the greenhouse also
showed no (1ffereuces hetween resistdni and suscepiible var-
ieties (Table I, First and Second QYuarterly leports-1959).
hese resulis sugdcst that if the tannins are at all important
in exnplaining host- parastte relationships that the controlling
mechanisa cdoes not resice in the roots.

Suggestive evicdeace has recently been reported (See Third
cuarterly Report-1959) that tannin content wmay increase in the
nresence of Lhe pathogen, Therefore, two exneriments wcre
initiated wherehy banara tissues were Kept in the nresence of
the Fusariuu organism for a period of time and then analyzed
for tannin conient., The procecures usecd have been reported
in the Third Juarterly lenort-1959. At that tiwme, the first
prelisinary resulis of the taanin content of banana nlant
tissucs prepareé for analysis at start of treatment were re-
norited, The following table presents the connlete data of
that first experiment:
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The results shown in the foregoing takle incdicate that
the tannin content in most cases decreases with time after
excision from the plant and placed in Erlenmeyer flasks in
a nutrient inedia with or without the fungus. A major propor-
tion of this loss can be accounted for by what has leached
into the nutrient media. It is also evicdent that the Fusarium
organism does not appear to have an effect on the tannin con-
tent of the tissues under the conditions of this experiment.
The only possible exception is in the rhizomes of the Caven-
dish variety where tannin content was higher than the con-
trols after 6 days, although much lower than at the start

of treatment. It is also interesting to note that the tannin
content of the Cavendish pseucostem tissue was s*gnlflcantly
higher than that found in the CGros idichel tissues,

A second experiment was conducted with rhizome tissues
excised from three varieties of bhanana plants, The procedures
used were similar to those in the first experiment. Four
plants each of the varieties Grand Nain, Vimama, and Gros
:iichel supplied the rhizome tissues for study, The tissues
were harvestecd three days after inoculation with the Fusarium
organism, The results are shown in the following table:

Table II

Tannin Content* of Excised Banana Rhizome Tissue as
Affected by Fusarium oxysporum f. cubense

Time After Treatment

3 days
O days 3 days (F.o.c.
Variety (Control) (Control) inoculated)
Grandé Nain #1 : 3064 276.8 239.2
Grand Nain #2 . L9956 . 350.0 348 L
Grand Nain #3 683 .6 375.6 297 .6
Grand Nain #4 340.8 303.2 114%,8
Vimama #1 480.0 416.0 304%.8
Vimama #2 700,08 385.,6 " 393.2
Vimama #3 01,6 156.8 02.08
Vimama #% 23.2 L0o2.k% 0.8
Gros iichel #1 646 .3 456.8 507.2
Gros iiichel # 1516.8 1184%,3 _
Gros ichel # 1349.6 657.6 6000
Gros liichel 3% 921.6 561,6 75340

*"Tannin" expressed as micrograis tannic acid per gran
fresh weight,
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The results in the foregoing table show no affect of th,
fungus on the tannin content of the tissues under the condi-
tions of the experiment, The only significant change noteq
was in Grand Nain #4 in which the tannin content increased
approximately threefold, as a result of inoculation with
F.o.ce Jhether a difference would have been observed if a
different time periocd was usecd is unknown, It is interestinp:
to note that the two resistant varieties initially show less
Lann1n content than the suscept hle Gros lkichel varietiy.

This ruaises the questlon 0f just how important is the tannip
content of the tissue in relation to host-parasite interactiong
when as much as five times the tannin content is found in thig

susceptible variety in contrast to the resistant variety, It
niay be, however, that the response of the resistant variety
to the presence of the parasitie cannot be determined except
in the intact plant., Therefore, other experimenis will be
concducted with this irn nind,

The above experiaents were carried out with the coopera-
tion.0f Lr. Pccnaan, who grez the furgus ancd carried. out the
inoculations on the cxcised banana plant tlssucs.;

In view of the findings reported in the: flr t table above,
that the pseudostem tissue of the Cavendish contains much wmore
tannin contcnt than in the Gros iichel, further analyses were
mace . qamplea of pseucdostem tissue were obtained from mature

plants growing in the ¢reenhouse. A cork horer 2 cm in cdiameter
was uscd to remove a portion frow the pseudostem approximately -

four inches above the grouncd level, Analyses for eleven dif-
ferent varieties were obtained 1nclud1ng the two susceptible
Cocos &and Gros iiichel varieties. No differences between sus-
ceptihle and resistant varieties were found as to tannin con-
tent. However, the cork horer sample generally did not con-
tain more than the portions from three or four leaf hases.
Since these were the outer leaf bases, they were from lecaves
which had alrcady withered on the plant, Therefore, this ex-
periment will be repeated, sampling pseudostem tissues con-
nected to healthy green leaves, The tannin content of these
pseucostem tissues ranged from a low of 226.4 pg per gram

fresh weight in Grand Nain to a high of 626.0 ug per gram
fresh weight in Cavendish,

Conclusions

None

Meconmniendaitions
Mone

Prepared by

Q o)

Qe gy Treibery
i, B, Greenhery

December 1, 1959
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CENIILAL [ESEARCH LABORATORIES
fforwood, iiass.

ppi=1-10 Plant thoIOIOCV Cection
3rr=3-39 annual PrOJe leport 1959

Comparative Biochcmisiry ol Banana
varieties in iflelation to QJesisiance
to fusarium ilt: Folynhcnolic
substances

Dacsgrounc

Polynhenols have been implicated in host-parasite intcr-
actions as incdicatsc ia the Annual Report-1556 (Freiberg).
Previous siudies have revealed o civersilty of phenolic con-
sivituents in banaaa roots, but only one suhstance, compoundc
no., 12, was iounc present in rcsistaand nlants and chseac ia
suscentible planis (Freihery, Annual evorv-195C). The tox-—
icity of coapounc ro, 12 to Fusaritm O oxysporun fsocubense
renainec to be checied as cdicd the toxicity oi the other
phenolic counpouncs.,

Frogress

Thirty—tvo compouncs ol prohabhle nhewoch nature were
isolated froi the roots of VuPlCtJ Valery (6=i0nth- olo poited
planis) which were greenhouse grown. All compounds failed to
inhibit F.o.c, culturec on Lifco PLA agar (Sce Second uarter-—
1 leport=-1959) by cup bioassav method. Connound° (7%.21) and
(17.15) [i.c., compouncs with ¢ values in n-butanol, acetic
acid, water (4:1:2.2) of 0.7h ané 0.17, ‘espectlvely' anc in
agueous 2;. acetic acid of 0.21 anc 0.15, respectively, when
chromatographed on hatuan No. 1 chromat091anhlc naner7 turned
the culture :mecia brown., Compound (17.195) coes not rcact wiih
any spray reayents for n01yphcaollus currently usec. Comn~

D0UNCS (ﬁ%.,g (46.90) and (59.92) cint the culLure reddish
hrown as Co two coupounas (92.82) ancd (92.90) which are pri-
marily, if not entirely, artifacts of Whatman No, tilter

naper,

The toxicity of compound no, 12 (isolated from twenty-
six paner chromatograms of rooi extract frowm G6-rionth-olé potted
nlants of Variety O7) were tested against F.o.c. grown on Difco
FDA agar, through the cooperation of_Lr. R. L, Coos, The con-
ceniration of comvound no, 12 in the "agar surrounding the bio-
assay cup, presumably was in excess of the concentratlon found
in the roots, yet no zone of inhibition appeared in the F,o.c.
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culture, An amount of compound no., 12, equivalent to that
extracted from 17 grams of roots (ca. 2.1 grams dry weight)
was added to each bioassay cup as a 0,50 ml aqueous solution,

Another compound, no. 38 (Freiberg, Annual Report-1953),
identified as pyrogallol by paper chromatography, was found
in the roots of both susceptible and resistant varieties.,
Suhsequent experiments with commercially available pyrogallol
(Baker analyzed reagent grade) have shown that pyrogallol is
toxic to F.o.c. in low concentrations. Pyrogallol, 1.7 x 1078
mole, was added to each bioassay cup as a 0.20 ml aqueous
solution. Inhibition of both growth and germination of F.o.c,
was observed in agar medium (3 gms. NHyNO3, 1 gm. KH POy,
0.5 gm. 1igSOy, 0.25 gm, KC1, 10 gms. glucose, 3 gms. yeast
extract, 5 gns., malt extract, 15 gms, agar per liter), Within
24 hours a zone of inhibition 19 mm in diameter was apparent
and the zone was not appreciably overgrown by the surrounding
mycelium for a period of three days, at which time the exper-
iment was terminated, The addition of 1,7 x 1075 mole pyro-
gallol resulted in a zone of inhibition 20 mm in diameter
uncder identical test conditions, Experiuents are in progress
to determine the ability of nolyphenol oxicase systems from.
the banane plant to change pyrogallol to wmore toxic -or less
toxic forms., Preliminary data indicates that toxicity to -
F.0.ca is increasec when amino acids are added to the reaction

‘mixture, However, when chromatographed, if values of the toxic
material(s) are icentical with those of pyrogallol in water
saturated 2-butanol solvent and aqueous 2, acetic acid solvent,
Chromatographic evicdence indicates that pyrogallol derivatives
of cifferent R}f values are formed but these compounds do not
cause zones of inhibition in F,0.c, solid media cultures.

Phenolic constituents isolated from banana roots, however,
have shown no toxicity against F.o.c, in the concentrations
used, This suggested that the techniques used may play an
important role in the isolation and nature of such materials,
Therefore, a study was undertaken to determine the effect on
the polyphenols of age of extract, nuitber of extractions,
storage of concentrate for chromatographic analysis ancd methods
of councenirating extracts to dryness,

fge of Extract:- Ethanol extiracts that were separated from
the plant brei maintained their gualitative aspects regarding
nolyphenols (on the basis of paper chromatographic analysis)
but substantial guantitative losses of these matecrials occurred
within two weeks to a month, These losses were ¢greatest in -
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rooi extracts and least in leaf extracts. 'Yhen the plant
prei was left in the extract, the quantitative losses were
reduceC but qualitative changes occurred which were associa-
te¢ with a visible darkening of the brei. This dark mater-
jal, which is immobile on paper chromatograms when using
acidic or neutral solvents, cdisrupits the discrete migration
of other compounds. Analysis of such extracts can be made
hy nassing the sample through a one inch cellulose column,
eluting with n-butanol, acetic acid, water (4:1:2.2) recon-
centrating at 400C under vacuum anc¢ then chromatographing
(5ee 3econc uarterly Report-1959).

The addition of 1073 -ii cysteine to the ethanol or
methanol used for extraction stops discolouration of the
hrei for two to three weeks, after which time, cdarkening
proceeds slowly. MNitrogen gas bubbled through the extract
at the time of preparation has little effect. O0,1% to 1.0/
conc. HC1l (by volume)adcded to the extracting alcohol does
reduce discolouration yet there is evidence that it hycdro-
lyses soile materials anc, therefore, is not recommended.

Mumher of Extractions:- lepcated extractions (at least -
five) were founc essential for the quantitative removal - :
of soluble wmaterials. Analysis of each consecutive extraction
revealecd not only the expected results of depletion of solubles
from the brei, but also the anpearance of entirely new coi-
pounds upon the seconc and third extractions. These new com-
pouncs may he artifacts of the exiraction procecdure. Con-
trast with another suitable technigue would assist in sub-
stantiating the belief that the new coimpounds found in sub-
sequent extraciions are artifacts.

A technicque for nreparing tissues for analysis in
rnany biochemical studies is that oi freeze-c¢rying the
tissues, ‘T“herefore;, with the cooperation of LCpr, J, K. Paluer,
we are deteraining how this technique conirasts with the pre-
sent ethanol extraction procecure.

sworége of Concenteaie for Chrowatogranhy:~ Zxtracts

sufficiently conceniratec for annlication onto naner chrou-
ctograms cannot bHe sitored satisfactorily even at 3°C or

. 8 - % @ S i

-209C.  Esseniially, the changes that take nlace are guan-

vitetive raiher than cualiveiive and are accomnanied hy a
ranid increase in a bhlack resicie, n naper chromatoraus,
this resicdue is i.usohile in aqueous 2/ acetic acicd solvent
an¢ woves oaly slightly in alcoholic solvents (acidificd op
atutral). i
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The extracts can be stored for months howecver, as
dried residues uncer vacuum in a vacuum cesiccator.

Concentration of Extracts:- rifty gram samnles of
tissue (fresh weight) extracted with ethanol can be con-
centrated to a voluwme of 30 ml at 409 under vacuum with-
out alteriny the extractec pol"ﬂhenollcs. The remaining
solvent is best rewoved by quick freezing followed by sub-
limation in a vacuuii system, The driec resicdue can be
stored in an evacuated desiccator for wmonths, Excellent
chromatograms have been mace from extracts concentratec
anc stored in this f{ashion,

Conclusions

1. All comnouncds of probable phenolic character which
have been isolated from banana roots and tested against
Fe.0.cs have not inhibited f.o.c. on PCA medium, This does
not excluce the presence of a phenolic compound which becomnes
toxic to F,.0.c. through the act1v1tJ of a polyphenolic oxi-
dase syouem ol i Farhas and G. A, Ledinghan [Can. Ja xhcro—
bgol 2 3; -L6, 19)27 and 4. Kiraly Z—hytopath A; 35: 23~
26, 1959 A

2 PJPOQGIIOI (Baner analjzed reagent grade) prevents
both growth and germination of F.o,c, when 1,7 x 107 ® mole
is added to a bloassay cup placed upon freshly inoculated
solid media. There is chrOﬁatographlc evidence that pyro-
gGallol is present in roots of bYoth susceptible and resis-
tant varieties of banana,

3. The technigues currently employed for concentrating
xtracts, storing samples, and "cleaning" extracts through
the use of short cellulose columns allow us to analyse any
ethanol or methanol extract of a vegetative tissue ior poly-
phenolic compouncs as found in the original extract.

b, Tive extractions of a tissue are the minimum that
can be used for the guantitative solvation of the soluble
polynphenolic compounds,

5. There is evicdence that a few artifacts of phenolic
cormpouncds cevelop during the repeated extractions necessary
for quantitative studies,

6. Neither methanol nor ethanol extracts can be stored.
Inmedisate processing of extracts is the only good method,
The addition of 1072 [f cystein to the methanol or ethanol
used for extraction, however, will allow samples to be stored
for 2 or 3 weeks before changes occur that can be detected

e S G
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Seed Bed Fumigation Study

S. J. Pieczarka and G. F. Warren
Purdue University, Lafayette, Ind.

Seed bed fumigation for the control of soil pests, notably weeds, is
widely practiced in the melon growing areas of southern Indiana. Methyl
bromide has been used for many years. Newer materials that can be applied
as drenches are very popular because it is believed a plastic cover is not
needed. An experiment was initiated to determine the possible value of a
plastic cover with materials applied as a drench.

Well-rotted manure was placed in'verneerr. bands and the materials to
be drenched were distributed with a;éprinkling cah_and:then 1ea§hed with
water. With methyl bromide, the manufe wés‘fumigatéd'in a piieAOutSide
the seed bed. Materials studied in this expe;iﬁehy-wergg :meth&ljbromide,
Telone (1,3-dichloropropene), Vapam,.and allyl éléohql.‘ The ploﬁs were
3 x 6 feet in size with two replicates in a canpletely randomized block
design. The fumigants were applied at rates of 400 and 800 pounds of
éctiVe material per acre.except fop methyl‘bromide which was used at one
pound per 100 cu. ftf Twe seals were studied: water seal and a polyethylene
cover. The polyethylene covers were removed five days after treatment and
the beds allowed to aerate for three weeks. Melons were planted and weed :
counts were taken two weeks later.

The enclosed table presents the number of weeds per square foot.
Although this data has not been statistiéally analyzed, it is evident that
the polyethylene cover greatly improved weed seed control. In one instance
Vapaﬁ at 400 pounds of active ingredient per acre sealed with polyethyléne

gave better weed control than Vapam at 800 pounds with a water seal.



Seed Bed Fumigation

No. weeds per sq. ft.

Treatments Lbs. active Seal
material/acre Grasses Broadleaves

Check : 0 215 30
Methyl Bromide 1 1b/100 cu. ft. polyethylene L 2
Telone (1,3~dichloropropene) L00 water 223 3
Telone 800 water 21L 37
Telone ! 400 polyethylene 109 18
Telone 800 polyethylene 20 A
Vapam 400 water 198 36
Vapam . 800 water 109 17
Vapam : 4C0 polyethylene 5 6
Vapzm 800 polyethylene - A 2
Allyl+Alcohol .- .. .. ‘ 400 water 149 17
Allyl Alcohol - ' 800 water 88 12
“A11yl Alcochol G 10 O polyethylene 78 14

Allyl Alechol ” : 800 polyethylene 33 L




SUMMARY OF SEMI-ANHUAL REPORT OF RESEARCH SUPPORTED BY THE UNITED FRUIT-COHPANY
Mes E. Corden and Roy A. Young

Department of Botany and Plant Pathology
Oregon State College, Corvallis, Oregon

Investigations since July 1, 1959 have been concerned with (1) testing new
fungiclides against Fusarium oxysporum f. cubense (F.o.c.), (2) the effects of
selected fungicldes on the total soll micropopulation, (3) the pattern of relnfesta=-
tion of thesoil following treatment wlth chemicals effective against F.o.c. and
(4) the relation of wilt discase resistance to the nature of plant pectic substances

1. Testing new fungicides

In recent tests of new fungicides the most outstanding were 2 experimental
materials produced by the Hercules Powder Co. (3944 and h223), which had EDgq
concentrations below 100 ppm.

s EffcctS“of'se1ected'fungicidcs on the total soll microponulation

Te echniques and cxperimental designs have been developed to investigate the
effects of selected fungicides on the total soll micropopulation and to observe
the pattern of reinfestation of the soil following treatment with chemicals
effective against F.o.c. Vepem, lMylone, nabam, methylmercury oxinate, and -
CP 30249 (a nitrile from Monsanto Chemical Co.) were applied to freshly collected
field soil at the EDgq concentration for F.o.c. in artificially Infested soil.
Soil samples were ta Een for dilution 1 day, 1 week, 2 weeks, and 1 month ©llowing
treatment., The frequency of bacteria, streptomycetes, and most nrevalent fungal
genera was determined by standard pleating techniques. Following are the signifi-
cant results of each chemical treatment: :

l. Vapam: Treatment with Vapam caused a general decrease in the total
fungal population, but the bacterial and streptomycete populations
were not greatly affected. 3everal shycomycetes were particularly
sensitive to Vapam, and snecies of Penicillium, Chaetomium, Humicola
and an unidentiflied basidiomycete were more resistant than tie other
fungi. Wo organisms built up following treatment.

2, Mylone: Mylone caused a general reduction In the furngal and strepto-
mycete populations, but causcd little change In the bacterial pooulation.
The native Fusaria and certain species of Penicillium were comparatively
resistant to Mylone. #As in the case of Vapam there was no tuild up of -
.sofl organisms following partial sterilization with Mylone,

3. Habam: Fellowing treatment with ilabam the fungal populations were
creatly reduced with the exception of species of Trichoderma, which event-
uvally built up to the original level of the total soil fungal population.
The natlve Fusarla were also more resistant to ilabam than the cther
major funzal genera.
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L4, CP 30249: Following treatment with CP 30249 there was a general reduction
in the fungal nopulatlon with species of Fusarium and Trichoderma showing
the greatest resistance. The bactﬂrcalcnpulatfon was relatively unaffecteq
except for the bulld-up of 'a species Insensitive to streptomycin. As
with nabem, Trichoderma spp. bullt-up to a level equal to the tdal fungal
population in the untrcated sofl. The streptomycete population was
slightly reduced by treatment with CP 30242,

5. HMethylmercury oxinate: The fungal population was almost completely
ellminated from the soil very soon after treatment with this mercury
compound, An unidentificd basidiomycete was the most resistant of all
the fungal genera. By the Oth day following trecatment species of
Penicillium began to build=up in the soll, and they eventually recached
a level above the original total fungal population. The bacterial popu=-
lation was relatively little affected but the streptomycete populat!on
was greatly reduced.

Thus, only two fungal genera built-up following treatment: Trichoderma spp .
In the nabam and CP 30249 trcated soils and Penicillium spp. in the methylmercury.
oxinate treated solls, The only other build-up was by a bacterial. specles Insensi=-
tive to streptomycin in the soll treated with CP 30249,

3. Reinvaslon of treated soll by F.o.c. and normal flora

At the time samples of trecated soils were collected for microflora analysls
2 sub=samples were taken. Cne sub=sample was infested with spores of F.o.c. and
a small amount of the untreated fleld soll and the seccond sub-sample was infested
with only the untrcated field soil. The objectives of this phase of the experi-
ment were to determine if F.o.c. could reinfest the soil following treatment, to
determine the microflora changes associated with the establishment of F.oic., and
to determine If there was any difference In the bulld-up of soll organlsms when
the normal mnlcroflora was relntroduced as compared to the orlglnal samnples In
which bufld-up would have to come from organisms not killed by the chemical
treatments., The following polints were learned concerning the establishment of
Feosce In trzcated solls,

1. Vapam: F.o.c. was caslly established 1 day followlng treatment with
Vapam, and on this and all subseguent Infestation attempts F,o.c. Lecame
established at a higher level than In the untreated soll,

2. Mylonc and Habam: F.o.c. did not become established In the soll on the
first day followlng treatment with these chemicals, but 1 week, 2 weeks,
and 1 month following treatment F.o.c¢. became established at a higher
level than In the untreated soll,

3. CP _30249: F.o.c. falled to become established In soll on the 1st day
followinyg trecatment with CP 30249, but 1 week followlng treatment the
soll could be infested at thz same level as the untreated sofll., Two
weeks and 1 month followin: treatment the infestation was higher In the
treated than In the untreated soil.
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L., Methylmercury oxinate: Soil treated with methylmercury oxinate could
not be infested with F.o.c. until 1 month following treatment, and at
this time F.0.Ce was established at a level far below that in the un=-
treated soil.

These compounds with the exception of methylmercury oxinate had only a
slight residual effect In the soil and when Infestatlon was possible it occurred
at a level above that of the untreated soil., However, the methylmercury oxinate
treated soil resisted Infestation up to | month following treatment.

L, Relation of wilt disecase resistance to the nature of plant pectic substances

On July 1 of this year a project was initiated to study the role of pectic
enzymes in Fusarium wilt syndromes and the relation of wilt disease resistance
to the nature of plant pectic substances. Research is still in preliminary stages
on this project, and will be reported in detall at a later date.
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species and were inactive when drenched onto soil; but they were toxic

to F.o.c, when mixed into infested soil. Class IV chemicals were toxic

in agar but were inactive in all assays involving soil, 'Examples are

given of compouﬁds in‘each Class and it is suggested that Class | chemicals
are the most promising soil fungicides with the potentialities of the
Classes decreasing from Class i} to Ill'to v,

Nabam, which has high fungitoxicity to F,o.c., (sArelativgly
inactive when applied as a drench, However, it was found that nabam, or
its reaction product in the soll, could be washed down into the soil by
water following tfeatment.

Preliminary results on the effects of soll temperature and moisture
on the toxicity of several chemicals is reported. In general the chemicals
are most toxic at moisture levels below field capacity. The volatile
chemicals vepam and mylone gave maximum kill of F.o.c. at ISO C., and the
other chemicals gave optimum kill at 20° C. However, thesc results may be
contounded by the effects of temperature and moisture per se on the F,o0.c.
In the soil,

Because of their high innate toxicity to F.o.c. in soil, their
ability to move into the soil when applied as a drench and their
specificity for F.,o.c., as versus the total soil fungal population, vapam,
mylone and to a lesser extent CP 15986 were the most promising soil

fungicides tested,
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1., SUMMARY

Techniques have been developed to determine the effectiveness of
selected fungicides In eliminating Fusarium oxysporum f. cubense (F.o.c.)
from infested soil, and to investigate the effects of these fungicides on
the total soil micropopulation. A method was developed for artificially
Infesting non=sterile field soll with the same fungal structures (mycelium,

conidia and thick-walled resting spores) that exist in naturally Infested

~soll, and w!thout adding any culture substrates, which would greatly

modify a natural soil.
A group of chemicals with toxicity to Fusarium species were tested '
In soll agalnst F.0.c. by several methods., Vapam, mylone, nabam, methyl=

mercury oxlnate. Phaltan and 2 experlmental fungicides CP 15986 and

P 30249 were most toxic to F.o.c., and they were selected for further

testing.

When the selected chemicals were compared as a scil=mix and as
a soil=drench it was found that several of the chemicals were virtuélly
inactive as a soil=drench (Phaltan, methylmercury oxinate and CP 30249),
Nabam was considerably less active as a drench than as a mix, but vapam,
mylone and CP 15986 were only slightly less actiQe as a dranch,

Chemicals with a volatile activity were as effgctive mixed dry
into the goll and watered afterwards as they were mixed wat into the soil,
However, non=volatile chemicals were less active as dry-mixes than as
wet=mixes,

Based on their activity in the various assays of fungitoxlcitf.
the chemicals with high toxicity in agar to F.o.c. were divided into &
Classes, Class | chemicals were active in all assays egalnst all forms
of lnoculum and by mix or drench treatments. Class |1 chemicals were
Inactive when drenched onto the soil but were active In all other assays,

Class i1i chemicals failed to penetrate organic matter to kill Fusarium
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THE EFFECTS OF FUNGICIDES ON FUSARIUM ‘OXYSPORUM F, CUBENSE

. AND OTHER SOIL MICROORGANISMS

M. B. Corden
Roy A. Young

Department of Botany and Plant Pathology
OREGON STATE COLLEGE



3. Investigations on the nature of resistance

to Pseudomonas solanacearum

£1llsworth Maine, Graduate Assistant
Arthur Kelman, Projcct Leader

In a survey of tobacco and eggplant varieties representing a wide renge in

i

levels of resistance to Pseudomonag solanacearwn, no positive correlation was foung

between le?els of chlorogenic acid and recistance, Lvidence was obtained that the
bactérium doeﬁ not form chlorogenic acid oxidase. Rapid increase in levels of
chlorogenic acid oxidase activity observed in tissues of diseased plants can,
therefore, be attributed to changes in host metabolism,

n

Respiration of stem tissue of resistant and susceptible tobacco increased

" following infection by P.'solanacearum. Lvidencc obtsined by use of enzyme inhibitor:

elated studies suggest a relationship between increase in respiration and chloro-

vane

g

‘genic acid oxidase activity. Additional studies are underway on effects of various
inhibitors on chlorogenic acid oxidase and ascorbic acid oxidase, effects of ccrtain
hydrolytic enzyme systems on respiration and tissue disintegration of resistant and

suscentible varieties, and alteration of host resistance by chemicals.



2. Influence of host passage in solanaceous plants
and mutagenic agents on virulence
of the Moko bacterium,
Charles Averre, Graduate Assistant

Arthur Kelman, Project Leader

Cultures of Pseudomonas solanacearum from banana and tomato were passed

through eggplant nine times. After the last host passage the final re-isolate
was compared with the parent culture for pathogenicity on eggplant,-tobacco, and
tomato, The host passégeAresulted in an increase in pathogenicity of.one banana
isolate to eggplant and tomato, but there was no.evidence of an increase on
tobacco, A second.isolate_ﬁrom_banaﬁa and an isolate from tomato were not
altered significanﬁly by_hgst passage. Nine éerial pasééges,9f iS§iat§5'thrOVEh
a susceptible and resistant tobacco‘vafiet&'héVe‘beeh completéd-and évalﬁation of

effects of host passage will be made shdrtiy.uéing-as testrplants Musa. balbisiana,

tobacco, and tomato. These studies serve to‘cdmplement work at Coto .to determine
whether isolates from Heliconia and solanaceous hosté with low virulence to
banana have a potential to iﬁcrease in pathogenicity following successive passage
through banana,

In initial studies in which proportions of virulent and avirulent cells of
the tomato strain were varied, it was found that pathogenicity did not decrease
significantly as preportions of virulent to avirulent cells decreased; however,
rate of initial symptom developmenﬂ was affecteds. Cultures from banana, Heliconie
Sp.s - and tomato have been irradiated and tested for virulence on tobacco and Musa
balbisiana. In this initial work there was some evidence of changes in patho-
genicity of the different isolates after irradiation although data was not con-

slusive, Evaluation of results of irradiation on pathogenicity are continuing,



genic on tobacco. Although less invasive initially than isolates from solanaceoyg
and certain weed hosts, strains of the Moko bacterium from banana could be classifieq
as moderate to highly pathogenic on tomato. Additional work on differentiation of
strains of the loko bacterium with respect to virulence on solanaceous hosts will

be discontinued since the primary objectives of the project have been completed,



Report to Department of Research, United I'ruit Company
of' supported research on the lioko dicezse
at. N. C. State College, Raleigh, N. C.
l. Pathogenicity of the Lioko bacterium to solanaceous hosts.
Charles Averre, Craduate Assistant

Arthur Kelman, Project Leader

In greenhouse inoculations tests to evaluate pathogenicity, isolates of

Pseudomonas solanacearum obtained from banana in Costa Rica were compared with
isolates from plantain, Heliconia sp., tomato, and the following weed hosts:

Solanum torvum, Solanum nodiflorum, Physalis sngulata, and fclipta alba. Stem

inoculations in tobacco and tomato plants were>made with the above isolates and

cultures of P. solanacearum from North Carolina and Céérgié.. Ail of fhe isoiates
included in this test had been evaluated prcviouSl& fqr Viruléhce £o banana at -
Coto and ife Lima by Ur. Ivan Buddenhagen. |

The results obtained with these isolates confirmed prévious obser&&tiﬁns
in greenhouse inoculations on solanaceous hosts, All isolates from Costa Rica:
were moderately to nighly pathogenic on tomato; howcver,'pn tobacco, isolates
from ban;na, plantain, ond Heliconia were only very ;lightly pathogenié.' In
marked contrast, isolates from 5. nodiflorum, &. alba, and P. angulata were
highly nathogenic on tobacco.,

The cultures from tomato and S. torvum were

.

moderstely pathogenic on tobacco. In this respect, the tomato isolate from
Georgia was similar to the tomato strain from Costa Rica in its high virulence

on tonato and modsrate to low virulence on tobacco. It was of interest to note
that tne isolate from £. alba with high virulence to tobacco was the only isolate
from hosts other than banana or lleliconia that had been shown to be pathogenic to
soie degree bto bananz,

further confirmation was ziven to previous data that none of the isolates of

P. solanacearum capable of inducing "fast-wilt" symptoms on banana are highly patho-
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time, it would seem wossible *that soil organisme consistantly attracted to
wound sites may be carrying s»>sres to these areas. For example, in the case
of enchytrid vorns, their external surface is characterized by small tufts
of bristles which inadvertently vould be capable of carrying spores. In
addition, many of these burrowing worms may be capable of carrying viable
fungus spores througﬁ their digestive tract and depositing them in their
castes,

Although the occurrence of Z. mininus in the tropics has not been ascer-
tained, the group sncaytracidae is quite cosmopolitan uithlmany nembers dis-
tributed in tropical and temperate regions. Ehfther, itiis quite:likely that
many other tropical soil organisns pbsséés ccoiogicgl hébité‘éiﬁilaf to the

cnchytrid worm obscrved here.

Jd~1,. Riopel

i e St SO s
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meristematic regions of the root. In making fres-hsnd sections of :ounded
root material these vomils have been fnound on rare occasions to be lodged in
large vescels bordering the wound site. Reasons for their sttraction to wound
arcas are at present not clear although evidence strongly suggests a par451tlc
relationship. Several nembers of the .inchytracidae are thought to be parasitic

L

on the roots of plants.™ An early reference has beesn found concerning a vorm,

gnchytraeus parvulus, closely related to minimus, i/hich uaé reported to burrow
under the eplderiis of aster plant roots and mlbimately result incdezth of
the‘plant.S

If in fact vounds are significant in Pusarium penetration under field
conditions, then the above observations become more than of acadenic interest
or it is necessary to reconcile soae.uov the evidence presented by Goosé
whnich suggests that under ficld conditions exudates from injured ronts are
rapidly decomvosed by increcased bacterial activity and have little otiaula-
tory eflect on rhizosphere fungi sith the rosults of Sewueira et. al. 7 shovdng
spore stimmulstion from wound exudates, vhile so>-res in cwntact.aith an intact
root surface ammeered to be inhibited, Thus successful lnvL%ion of Tusariun
vould ceca to b denendent upon sourés being present imaediately st the round
xibe and blms atimulatc:ibcfore baeterial, decowposi Jlon of organic exudates
csn occur. Clearly these circumstunces are too haphazard to account for the

success of the Panana Diseass and aldthough completely opeculatory at this

bsgorer, Tracy I. General Zoology. seidraw i1l Co. loc. 1951. 0. LLS.
SETiend, Sllderie. e Goolgadst. .er. b %, 3, 1697, . 349,

6Goos, R. The iffeet of Root Iffijury on the Ruizoshpere Mlora. United
fruit Co ipeny Annual Project Roport. 1958.

7Sﬁoueira, Liay Dol Shaavea, o ote: VhJ, & J. M. Redhart. Observetions

on the role of root injury in .dnald disease infectiens. Hature 182, n. 309-311.
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Znvironaental Influences

_In an effort to elucidate the mechenisn of wound response and to find
vhat environmental factors, if any, are of importance under field conditions,
a study of a number of possible influencing variables is in progress. These
studies 2re concerned with “he cffect of high concentrations of 002, Oxygen
tension, the presence of soil organisus and auxin., Rosults of these studies
at the prescnt time are not sufficiently coimlete to allow conclusions. ‘The
contamination of control vounis by a nuaber of soil organisias inclgding soecies
of root-knot nematodes, iieloidogyne, and a torm of the Class Uligochaeﬁa has
been & source of difficulty in carrying out this experimental work. Plents,
surface sterilized and placed in cteaa sterilized soil or ver.aiculite, ;gpc‘x
found to be conteminated after three months. The use of isolation qhé@bers
vas . also unsuccessful in keeping uounds froe from these orcanisms. Coptamina;

tion has been kent at a minimua by maintaining large plants in nutrient solution

“ith roots selected for experimental work growing in sterilized varaiculite
surrounding the container, and results froa these studics 411 be forthcoming,
The continued sssociation of certain soil orpanisns vith banana roots

has prompted ¢ study of their relationchip and effects upon wound responses.

This cindy has been especlally concerned with the oligochacte wor.as nentioned
i e 5 *x . -

Garliexs  With the cooperation of Wr. A. weir 3211 of Los angceles City College,

this 'orn azs been identified as dachybiaecus mininmus described by K. Bretcher

3 £5 2 2 i s .
in 16%9.7 ALutcapts to culture these vorms have been quite successful and their
effcet on tound ressonses is now belng studied.

Priliainary obsarvations vith zoil grown vlants have clecarly shown a

consistent as:ociation of these iorns vith vascuiuar wornds 2nd the tender

3Bretscher, K. Rev. suisse Zool, V. 6. 18%9. », l02.
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on ceveral types of vounds including superficial «nd vascular gashes, punctures,
scrapings, and anical damage. DBriefly, the resionse of banena roots to injury
is very sinmilar irrespective of how the danage is inflicted. Superficial
vounds result in cortical cell enlargements oriented at right angles to the
wound surface., Although denendent upon the scverity of the wound and its
location on the root, superficial wound responses are localized and affect only
the neighboring cells of the wound site. In contrast, wounds affecting vascular
tissue wmay result in discolorations observable 3 - li centineters below and
above the wound. Correlated uvith vascular wounds is the occurrence of nuierous
tyloses vhich often comnletely wlug the large netaxylem vessels. In addition,
vascular wounds made in the immature:regions of the root usually resulﬁ in
‘celi‘diﬁiéiéﬁéAiﬁvfhé'étele oriented at right angles td the wound surface as
in the cortex. It is interesting to note that the resn:nse to normal vascular
rrounus is in some raspects similar to the response which in the past has been
though of as diagnostic for the precence of Fusarium in vascular tissue.  The
oresence of Musarium in the vascular: tissue is usually sccompanied by cell
divislons, tyloscs and discolorationt vhich are often at considerable distances
iron any noraal vascular tounds which could provoke wound hezling. Thus it
day b2 nossible to c*nsider the cell proliferation effected by rfusariun as a
tound response thich is, in nany vays, analogous to the razasnonse of artifi-
cially inflicted vascular-wounds.  Thers arve some differencesy hewever, for
the cabifors laver as described by aardlaw2 is oriented around discolorcd
vasculsr strands or thz invadin: fungus, and the breaikdoim products from

1

a noraxsl vound d» not a perr to b: the sine as those of infected tissue.

2ifaralar, C. 4. Diseases of the Bunana. idacsillan = Co. London.
1935.  v. 6285, :
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cen he reinforced Ly the use of cytological cnineras induced by radiation
or nutorgdiogrrphic techniques. Unfortunately, in the present ctudy pre-
livdnary atteqspts to use triticteo tihyiddine vere uncuccessful and further
use of this teciunique nust zwait its refinement due to certain tecnnical
probleus.

. otudies of the develonmental aspects of thcAroot have been hindered by
the refractory nature of banana roots. Although the roots may be treated
uith hydrofluoric acid to soften the lignified stele, considerable shrinkage of
the phloen and other nichly vacuolated cell: occurs when the paraffin technique
is usecd. Scveral attemmts erc made to obvizte this difficulty including the
use of a closcly graded paraflin infiltration scries, celloidin, celloidin-
naraf-in, carbowax and a fieezing aicrotonec. Of these methods only material
sabedded in celloidin or carbowax was free irom chrinkagz. As the celloidin
rcthod docs not easily all.w -srial scclions, cirbowax :n.s sclected as the

caoedoing nediwi, 3ince carbouax is .- ter coluble, ribbons could-not be floated

on slide: or nandled in other ways customary to parafiin matcrial and as a result,

serial sections could be obtained only .ith difficulty. Houever, by introducing
a fou nodifications in the carbowax tecanique it “as. possible to obtain

serinl rectlons quite readily. Witlh this qiethod, fix:tion, embedding, :teining

and aounting procedurss are entirely acucons znd thevefore preparations are

~

;erial scctions of

<

free from shrinksce or ‘listortisn. it the uresent tiae

aterial cibedded in carbotax -..¢ being prepsred and vill be used to coaplete

the doveloomental sbudy,

torasl Vound Reoponscs

studies of the nornal resvonse of 1vote to usxunds in sieristematic and

mature regions arc nearing copletion.  These stuaics include obscrvations

H
i
i
L




Harvard Biological L”boratoricé
Cambridge, Mass.

Developinental Aspects and Wound Nove.ber 30, 1959
Rosoonses in Banana Roots

Annual Report

In view of the significant role of root injury in the Pana::a visease,
a study of vound reshonses and influencing factors vas undertaken, In addition,
a study of the root morphology has been in progress in srder that the 'ounding
stuéicu be Bused upon a thorough understanding of the normal root develooaent.
The folloving fepérts in part the progress made with these studice snd alro
contains rugguationé for ccrtﬁin astects of the problea vhich, though scemingly

beyond © he scope of the . nresant utudy, may merit further -ttention :ithin

 the r0acrrch “rogran oi the Unlted Fruit Lonpany.

Horohology

A carefﬁlrsbudy of the banana root apex has been aade and the carlier
cservations of Acquuronel considered in the light of modern concepts concerning

splcal organization. isvidence indicates that the Li.“.of senarnte and clearly
defined origins for the various ticssue systems within the 1ot is wno lwnio
tensble, Although cuperficial bound:riecs do evist beticeen -nele, cortex and
root cap, thesc are duc to diffcrences‘in grovta votes and slanes of divi-ion.
At their orijpin the <tele, cortex and root cup are ultinately derived from
a group of cormon initials vhich sre indictinguishable Irom one rnother by
conventional staining nethods.,

Admittedly studies of this nature becone ore mzaningful if the cvidence

lACQUﬁTﬁnC, Poud..  The Roote of riuca Sanicntuwi, L. United frult Company
Rescarch Bulletin do. 26. auwmst, 1530,
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The possibility that soil attached to seed bits of banana could be
J

spreading fugarium oxysporum I. cubense was considered, Samples of soil

remaining on the ready-to-plant ridizomes waecollected at random and when
plated showed the prescnse of the followirn iusarium specics. (Sced was
selected from areas low in Panama disease incidence, washed, triruied, and
dipped in a 1% dithane solution.) Soil counts were mace or iodified liartin's

nedium. Fowr plate counts irere averascc per sample.

Colonies per cram of ueb soil

Seed 1lo. ‘ iy solani ., roseun i, moniliforme . oxysporum
v 300 50 0 0
2 1650 1250 50 0
:3'A O ¢ R (1§ 0 0
L 2200 3600 0 0
. 14700 0 0 0
6 750 1500 50 0
7 L1500 3500 0 0
g 0 <50 1100 0
9 0 1800 S0 0 7

It was noticed that more than 301 oi the secd pieces ready for planting
had soil clumps aitached to thenm,

These studies sucggest that the actual procedures followed inthe pro-
duction of clean seced may not be accquate, althouzh it is striking that i,

oxysporun did notshow up in thesc tests. Althoush Fusarium oxysnorwi 1as

not found in any ol the sceds sampled, cpreac o the orjanism causing Panana

wilt could take place in this vay.




A large number of the root cortex isolates were identical in morphological
and growth characters to the pseudostem isolates. It is believed that the
later colonization of the root system of a dead plant by the pathosen bears
directly upon the rate of spreac of the disease from plant to plant in the
field. The literature related to the development of the banana root systén
in different soil types indicates that on light soils the radius of spread
of the root system may averaze 1li.5 ft. from the mat; and in heavy soilas,
T3 Lk

The extreie dL;;Orenccs in the development df the bénana root system
according to the soil type, appear to be correlated with the rapid spread
of Panama wilt Ln aandv uO’lo(”ShuCODtlblO”)’and its limited spread in clay
soils("resisbtent"), Lno “l anting dlonanges most conmonly used in banana
farsdng pa“‘lcula" kg favor_the intérmihglé:o ﬁlu root svsteum of aQJaccnt

el

mats in light soils bﬁt not, in heavy soils, Dased on the eVidence available,
the proper plfntihﬁ_disfance; ive. one which does not ravor overlapping
of root systems, éccordin; to the soil types, could be of impoirtance in
futurc plantings in virzin land.

#ield inoculation tests showec tnat young Wounﬁed banana roots are

&

resistant to invasion b, IFusarium o:gsporuwn f. cubense. UCld heavily

lignified rcoots did not sitow resistance winen wounded and inoculated. Vound
inoculations close to tie apical meristen of old and younz roots were not
successful, thus the mcristenatic tissues oi the roots of (ros Ifichel appear

highly resistant toc invasion by rusarium oxysporum f£. cubense.

J

r—l

stological studies of the root systems of Gros Fichel and Lacatan

in rclation to invasion by the fungus are in progress. A study of the
patholozical anatouy oi the vascular elements of roots of Gros idchel has
efense mechanisn that nanifests itself as a mechanical

reveeled a possible

action. This defense nechanism present in the r‘°LstgnL section of the root

is being sought in other parts of the plant in which there is meristematic activ



United #ruit Company - Progress Ileport - lovember 1959

Fduardo E. Trujillo
Department of Plant Pathology 1
University ol California, Serkeley i

Techniques used to study fusarium solani f'. phaseoli in soils of the

Salinas Valley, Califoimia, were used last summer in :londuras for a pre-

liminary survey of Iusariw: oxysporum in Lanana soils. IHesults from testing

these soils revecaloed the possibilitics ol adapting similar techniques to

the study of Fusariunm oxy§norum f cubcp ¢ and other rusariwn spp in banana
soils,

The limited survey on tine ilonduras soils showed that there weie field

areas thh a predowlnant populatlor of Fusarium rosewn, and other areas in

Unlch Tusarium solan; waa tne-pruuorLrant SpeCleo. rusarium ovysoorum was

generally'found_to-bc low in all‘sdils tested. . Althou@h the presense of

Pusariun cxzysporun f.. cubense was coﬁfirmed,,fhere is strong evicence that

fhe causabive w~ent of Panama wilt is not uniformly distributed throughout

the-soil in the infested fiélas, since these soils are not plowed nor cultiv-

abed, 1t is lilkely '“at the organism 1s found concentrated in the limited

mdcroenvironment oi the decaying root systen of the infected plant.
InveSuL”utl ms of the root SJsbcma of diseased plants having dead

ops -and rotted rinizomes in a state of orgzanic decorposition indicated

that at this stare the fungus progressively invades the cortex of the

entire root system of an iniected plant. lacerated and cultured cortex

from the root system of five plants, sampled 5 feet and one foot,respectively,

fronm “he rhizome, siovved a high counlt of Fusarium oxysporuwn present.,

Chlamydospore-lilee structures were observed by dircct examination of the

macerated root cortex., In four oul of the five plants studied Fusarium

oxysporum f, cuvense wac %tiie predominant form ox the fungus (Isolates have

been tested for pathopeniciby Wy Jr. M. Ltover on li. balbisizna seedlings.)



United Iruit Company - Progress lieport - Hovember 1959
Ben H. Vaite
Department of Plant Pathology
University of California, Berkeley

Virus disease of bananas

Further mechanical inoculations of the Central American lLanana virus
were made into weeds and cultivated plants associated withlanara plantations.

Physalis spp., Isotoma longiflora, Ricinus, Honduran "Ayote", Honduran

"Pepino", Vinca rosca, Crotalaria ansgyroides, and Kudzu (Pucraria) were
found to be susceptible to thc virus, Isotoma and Comphrena sp. ar
symptomless hosts which produce local lesions when inoculatcd into cow

pea and Chenopodiwn aimaranticolor.

Host rance and insect transmission studies with the virus disease are

continuing.

Variability and pathogencsis in the Panama disease pathowren, fusariun

o

xysporun £, cubense.

llore isolates of F. oxysporum r. cubense were oobtaincc from banana

growing areas throughout the world. Using the single spore mcthod,clones
were cultured and studied in tne laboratory. Plant incculation studies
vere initiated to deteriiine differences in virulence of the fungus clones
and to,determiné also possible race differcnces. liost of the fungus ploncs
are being tested in banana scedlings and large plants of plantain and banana
at La Lina, Honduras..

An isolate Iroun Heliconia latispatha, from londuras, has proved to

be a highly virulent clore of race 1.
Speciel efforts are underway to obtain isolates iromb ananas snd
plentains which aay be race 2 or possibly other races not yet obzeived.

1.

A publication dealing with nomenclature in usariwa oxystorw: is in

1

preparation,



place very slowly, and the microconidia of the banana wilt organism rarely

formed chlamydospores. %
Once chlamydospores are formed in soil, they are not readily induced

to germinate, and wetting of the soil may have little or no effect. The

addition of solutions of such amino acids as glycine, proline, phenylalanine,

or ornithine likewise did not induce germination. Aspartic acid brought

about vigorous germination of F. oxysporum £ cubense within 24 hours,
glutamic acid appeared to be somewhat slower acting. Glucose likewise gave
good chlamydospore germination, but the hyphae appeared to lyse within a
short period of time.f_Here agaiﬁ, the:volume.of soil u;ed'had a large
bearing on the resultS'obtained'and; 1n §~sgffi¢ieh£iy iérgé séilrsampie,
differences were evident Eefwgen'theAéurfﬁée»and the 1ower>1éyers.

Plant tissue, such as-eXCised_banaﬁa féoté; bean stemé. and Barley straw
will stimulate chlahydospores'to germinate apparently only if they are in

direct contact with the plant part. To date, F. solani f. phaseoli

chlamydospores have been found to germidaté only in the presence of bean
t;séue. The chlamydospores of the banana wilt fungus do not appear to be as
selective, but the end result of their germination may lead merely to the
formation of new chlamydospores, to sporulation or to invasion, depending

on the plant tissue and on the type and amount of soil used.



United Fruit Company - Progress Report-No;ember 1959

Te. A. Toussoun
Department of Plant Pathology
University of California, Berkeley

Studies are in progress on the behavior of F. oxysporum f. cubense and

of F. solani f. phaseoli in soil. Relatively few conclusions can be drawn

at this date and for this reason only the outlines of the work will be given
in this report. |

The introduction of the banana wilt Fusarium into soil eventuallyAlgads
to the formation of chlamydospores by the organism. It appears,ﬁherefore,
that this fungus exists in soil, in the absence of a host, and as a means
of survival in soil, in the form of chlamydospores and that ifsrbehavior in
this respect is similar to that found by Miss S. M. Nash for'g. solani.f;
phaseoli, the cause of root and stem rot of bean, el

Both fungi will grow through soil and sporulate on the soil surféce:if-
the soil is sterile. Very little growth occurs when they are édded'fo non;
sterile soil, especially if the inoculum is washed prior to its incorporation.
The development of chlamydospores in sterile soil occurs only after active
growth has ceased, a process which occurs gradually and sometimes over a
period of several months, Chiamydospores are formed sooner in non-sterile
soil within periods as short as two weeks or less, The rate of chlamydospore
formation from macroconidia introduced into soil also depends on the fungus,
the area of soil sampled, the mass of soil used, and the type of soil as well
as the kind of plant tissue present. Aeration and moisture appear to have
a strong bearing in the differences obtained. Spores of [, oxysporum f.

cubense and F, solani f. phaseoli have been kept in sterile water blanks for

more than one year., Under such conditions, chlamydospore formation took
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The work dealing with the growth of F. cubense in the absence of
atmospheric oxygen has been extended, Most -soil fungi fall to develop
under such circumstances, but the banana wilt fungus is capable of a
slow but significant develcpment foliowing exclusion of gaseous O .

Such growth requires the presence of some uncharacterized substange in
yeast extract, and no single amino acid or a zﬁixture of amino acids
would permit equivalent development, Aerobic proliferation is likewise
enhanced by a factor in yeast extract although growth proceeds readily
in its absence. Partial replacement of yeast extract was achieved with
several B vitamins but, although statistically significant, these effects

vanished upon further cultivation - a variability inherent to the

organism.

The stimulation reported by Nair of the metabolism of a related
wilt fusarium could not be confirmed in the case of either maleic
hydrazide or thiourea for the banana fungus. A possibe influense of

2, Li~dinitrophenol has been cbserved.

F. cubense metabolizes most intermediates of the tricarboxylic
acid cycle, but the oxidation is never compléte. Acetate and glucose
provided the highest respiratory rates, and the oxidation of citrate
and isocitrate were negligibles vy even lacking. P:}hzyme studies using
mycelium extracts have demonstrated the presence of succinic dehydrogenase,
fumarase and aconitase, but isocitric dehydrogenase was apparently

deficient.

|
|
|



Subproject L. Physiological studies of Fusarium oxysporum f,

cubensa

Characterization of scil as a physico-chemical environment for
the growth of F. cubenss has been continued. These studizss are carried
out in conjunction with subproéoject 1 where the biological factor is

reintroduced.

The physical and chemical composition of soil affects the rate
of growth of the fungus, and proliferation varies appreciably between
soils: obtained from different localities. No correlation exists,
; howevef,'betweenithe growth in soil and the tanana disease history. A
:bibééégf tédﬁhi@ﬁg“ﬁéémﬁééﬁ“ééQéiéﬁé&'ﬁn ordsr to msasurs the potential
nutrient.delivery of these soils to the pathogen, and the adequacy of K,
S, Mg,ahd Zn but not of nitrogen and phosphorus is indicated. These
results have a direct bearing on the investigations of competition
reported in subproject 1, Potassium uptale from soil is corrslated with
chemically extractable X in the 12 Central American soils, but an anoma-
lous growth suppression is observed with incrsasing potassium

concertration.

The bicassay procedure utiiized showed the presernce of substances
inhibitory and stimulatory to F. cubense. The greatest depressing effect
was recorded in the three samplas of varying texture for San Alejo,.

Bvidence for the heat lability of this factor is presented. That more

)
o

than a single chemical 1is implicated is suggested by the fact, that the
stimulation by soil extract is eliminated in one soil by montmorilicnite

but not in a second samples,
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200 lb per acre in the presence of organic matter led to a substantial
reduction in the numbers of fungi, the population being about ten-=fold
less than in parallel samples receiving no sulfur or sulfate, This is

suggestive of sulfide toxicity being a major factor in the eradication

of soil fungi by flood-fallowing.
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III, Subproject 3, Ecology of the scil microflora and chemical

changes as related to soil submergence

Microbiclogical studies were carried cub during the flooding of
Guaruma 2, lake 1 in Honduras, It was observed that flooding slowly
‘educed the population of basteria and actimomycstes but was more

active in reducing the fungus flora, When banana pseudostems wers

added to the flooded soil, the population of fungl was depressed still

further at ths 0-2 and 7-9 inch depths while the abundanca of bacteria

and actinomycetes did not decline as rapidly when compared to the normal

flqoding procedure, & préliminary trial of the application of the most

probable numbér techniqué to, oodnd soml haa shown that the procedure

is readlly addpt&bla to these condxblonsJ and a 81ng13 expnr1ment in a

: flood falfer 13 ke in Henduras f ad o reve?i a diffsrence in rate of

decline of bean fusavium between flocded and normal soll conditions.

Studies have been cxzpﬂded in order %o characterize precisely
the reasons underlying ths effectiveness of flooding in the slimination
of F. cubense, Ii hay besn noted thalt thers iz a distinct relationship

3

hetween changes in owidaticne=reduction zotential and suppress

ion of
fungl in submergesd zoils, and bobth are decreasad by ths pressnce of
readily availabls sources < organie m:ttaé. There cccurs under such
conditicns of fioceding 2 tuwild-up of a factar or factors mzrkedly

detrimental to ths fuxgus.

In addition to organic mzatter, the application of sven small

(‘0

quantities of colloidal sulfur or sulfate at rates equivalent to



adding autoclaved soil—extracts to cultures reduced growth below that

observed when filtered but not autoclaved soil-extracts were added.

The data obtained using autoclaved extracts also indicated that
even though stimulating substances in soil extracts were destroyed by
autoclaving, a clear indication of the presence of inhibiting substances

in soil extracts was not obtained,

Third, in checking further on the occurrence of inhibitirg
substances in soil-extracts, it was shown that growth of Fusarium

oxysporun f. cubense is stimulated by addition of yeast ektract to

cultures of this organism. The studies also showed that most of the
-soii-extracts éontained~substances-that inhibited the growth of this
organism. This inhibition was especially pronounced in the case of

extracts obtained from long-life soik .

Fourth, by making six (6) successive extracts of the same soil
sample, it was possible to show that there are at least two groups of
inhibiting substances. One of these groups of substances appears to be
completely dissolved by water. The other either forms saturated solutions
in water or partitions between soil and water and has a very high

partition coefficient in favor of soil.

Fifth, the potassium relation to incidence of Fusarium wilt of
bananas that. was reported in 1957-58 was developed further. Tt has been
found that the long-life soils contain appreciable amounts of wvolcanic
ash and that the clays present in these soils are of the illite=-
montmorillonite group. Whereas; the short=life soils do not contain
volcanic ash and the clays in these soils are of the kaolin, chlorite

and/or vermiculite types.




II. Subproject 2, Fungitoxic substances in soil.

The development of a satisfactory assay procedure for antifungal
substances in soil extracts was .ompleted and published (Archiv fi»
Mikrobiologie 33:182-185, 1959) by the end of the 195859 fiscal year.
This method was then applied to the problem of determinirng whether or
not antifungal substances occur in water extracts of soils from Central

America,

First, it'waé shown that standing cultures of Fusarium oxysporum
f. cubense that cpntained‘sterile extracts of shortulife soils grew
better than éﬁltﬁres.ﬁhat"éoﬁtained éterile extracts of longflife'soils.
It was then shéWn that cultufes cohtaiging:cdﬁééntféﬁédfsdil extracts
differed from each dther‘b&;muchﬁleééAthah-did cultures céntainipg

extracts that had not been concentrated, .

fecond, the effect of steam sterilization of soil extracts was

J]

studied.  Thi: work'shﬁwed that shaking sultures of this organism resulted
in much faster growth than that observed for standing cultures. Appar-
ently, this was due to the sensitivity of the organism to oxygen level,
which was affected by autoclaving. This work aisc showed that growth of
the crganism was less filamentous in cultures which were shaken than in
the standing cultures. This difference in growth made it nscessary to
add aluminum hydroxide to the cultures prior to cenirifuging them in the
assay procedure. Three experiments were then done on the effect of

autoclaved scil-extracts on growth of Fusarium oxysporum f. cubenss.

These experiments, conducted under appropriate conditicns, showed that



competitive ability but (c) the effectiveness of bacteria is directly

associated with their nutritional complexity, the active organisms being

those with minimal requirements. This delineation of factars determining

effectiveness holds only for the non-spore-formers, and an enbirsly

different mechanism applies to Bacillus spp.

Investigations of the microbial interaction in various soil from
Honduras and Panama has revealed a marked influence of non-biological
factors;, and differences in soil type are apparent. The suppression is
negligible in some soils and appreciable in otherss sbil texture,

organic matter and/or nitrogen content are tentatively implicated.

- By use of a specific counting t-eéhniq;u.e far Fusarium oxysporum

: ff-congiutiﬁéns,'micrdbiological influences on the bathogen in hormal
soil have.beenAdembnstrated. Whefeas the fungus normally dies out in
Vunamended or organic matter-treated soil, it will maintain itself
provided adequate nitrogen is present. This suggests that the available
nitrogen status is of importance to the resistance of the organism to
microbial elimination and implicates nitrogen competition under normal

circumstances in the field.

|
|
|
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SUMMARY OF THE REPGRT

I, Subproject l. A study of the competition between the soil

microflora and Fusarium

e e e e s

Studies of the basis of suppression of Fusarium oxysporum f,

cubense by saprophytic microorganisms have been continued, The
possibility of phosphorus deficiency being the cause of such inﬁibia
tion has been demonstrated in culture solution, but evidence has not
been obtained that this phenomenon is of importance in soil. The
relative incidence of competitive bacteria hasibEen examined in two
soils from Honduras - one is a Shorﬁnlife ébii~and_the:othéf~is-stiil
producing healthy bananas, Nons of the isoilates frdm:the'fonher’but
25% of the strains from the latter reduced the épread bf.g;;éﬁgggég in
the original soil. The lack of influence in e éhort.‘a.l_‘ife soil from

San Alejo may be due to its asidity.

The soil bacteria which reduce Fusarium-growth wers stgdied.
further to determine the mechanism of inberaction. Antibiosis does not
seen to be a factor in almost all of the effective cultures., In seven
of eleven of the microorganisms tested, the detrimental influence
resulted from nitrogen competition. In the remaining foor. bacteria of

the genus Bacillus, the inhibitory action 1s as yet unexpiained,

Using 50 effective bacteria, the basis of competitive capacity
against the pathogen was investigated. It nas been shown that (a)
the degree of effectivensess in culture medium is corrvelated with that in

soil, (b) growth rate in culture solubion or soil is not correlated with



Title

A Study of the Relation of Microbiological
and Biochemical Properties of the Soil to

Panama Disease of Bananas

ojective
To investigate the role of the microbial
population of the soil and of certain
biochemical characteristics on the

persistence, growth and spread of the

Panama disease fungus
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Trdpical Agriculture in Trinidad and, to supplement this, collections have beey,
made at stages throughout the development of fruits of both seeded and non-seedeq
varieties. The interpretation of the growth of the banana fruit must take account

of growth which is stimulated in the wall of the loculus, tends to encroach upey

the free space within the loculus, and it must also take account of the develop-
ment which occurs in the placental regions within the loculus. These different |
growth responses may well be evoked by different stimuli. Work along these linpeg

is proceeding.

The potentialities for growth of the different regions of the banana fruit

have been investigated by tissue culture meané. Explants from the fruit have
beén treated with different types of growth substance;, singly and in combina;ion.
Different types of growth substance seem.to.stimﬁléte different regions (the 7» f
region of the wall of the loculus; the placehtae) the funicqlﬁr_fegién‘of fhe
ovule,) Some unexpectédly large responsesAhave beén obf;ined'add de§cfibed. On‘ |
the basis of these responses observed in cuiture;-some tests,.WLth éoéitive results,
were made on the growth of banana fruits in the field; these tests were in coopera-
tion with N, W. Simmonds in Trinidad. A start has élso been made toward a study

of the growth of banana cells in free cell culture, Again, very substantial

growth -- leading to a range of cell forms -- has been observed. This work is

being continued to determine the chemical stimuli which will unleash the inherent
ability of the banana fruit‘cells to grow. !
The veéetative shoot apex 1s being investigated with a view to a description i
and interpretation of the way the leaves originate on the apex and the way they
grow to form the pseudostem and the laminae. This needs to be done in more intimate
detail than hitherto. In view of their importance in vegetative propagation, the
‘origin of buds, which in banana seems anomalous, is being investigated. Sections

and 1llustrations have also been prepared of the apex of the floral shoot to show

aim here 1s to describe exactly how floral induction occurs.

the differences between the organization of the vegetative and floral apeX°
MJQ‘ |



Ty
The fruit of all these more or less resistant plants is distinguished by (a) low

soluble nitrogen content, (b) a very low level of histidine, (c¢) very low level
of glutamine, but within the low soluble nitrogen content asparagine is conspicuous
Since the fruit of these varieties has distinguishing characteristics, one

needs to know whether these do, or do not, reflect an underlying metabolic pattern,

which is associated with resistance in these varieties.

Work on Roots in Relation to Antifusarial Compounds.

(With Mr. R. A, Barr and Mrs. M. L. Connolly)

Investigation in this area has followed two lines of approach,
and Cavendish

1, The detection of natural inhibitors (from Gros Michel
roots) to the fungus;

2. Attempts to shcw translocation of an externally applied systemic

fungicide, which is known to occur in mnature, in Gros Michel.

Progress has been made in both of these approaches, and especially so in the lattex

Both resistant and susceptible plants continue to yield substances which can
inhibit the growth of fusarium on petric plates, Differences are not. however,
 kind, but tend to be quantitative, with the roots of resistant

of the "all or none

plants anparently richer in the subsitances toxic to the fungus.
first success was not achieved, it now seems possible to apply

or the

3

Although at
a known systemic fungicide to the leaves and to detect its presence
presence of a closely similar compound in the roots when these are extracted and
the extract appropriately fractionated and tested by ultraviolet absorption

spactromelry,

Work on the Morphologzy and Development of the Banana Plant.

(With Dr. W. G. Barker, Dr. H. Y. Mohan Ram, and Dr. Manasi Ram)
The morphology and manner of growth of the banana fruit has been investigated

Access was obtained to some unpublished material available in the School of



Biochemical Composition in Relation to Genetics and to Breeding of the Banana,

(With Mr. R. A. Barr and Mrs. M. L. Connolly)

The techniques and knowledge referred to above now permit plants representh18
stages in the breeding program being conducted in the B.W.I. to be analyzed; i,
this way one can see whether biochemical changes accompany the other characterg
for which selection is being made. The presumption is that it will be necessary
to continue such work as the breeding work proceeds. Up to the present time
tests have only been made on fruit which was sampled as far as possible at the
sameYStage,of ripening and in such a way that the general trend of the‘changes

that occur during ripening,in both the inner and the outer pulp, may be detected,

The first materials sampled were selected on the advice of N. W. Simhonds_and'

BY

were supplied by Mr.f{\ Osborne from Jamaica., The pattern of nit:ogen metabolism

characteristic of Gros Michel fruit is evident from the amide cqnﬁent (asbarggine
and glutamine) and the histiding contents of the inner and outer pulp :ésﬁecfively;
Briefly, the Gros Michel characteristics tend to be impressed upon the fruit |
of hybrids in which Gros Michel was the female parent (3 of which were exémined),
but the nitrogenous composition also seems to be modified by the nature of the
male parent. The observed deviation from the GrosAMichel type of fruit was quite
apparent in the hybrid Gros Michel X T27.

This work establishes the ﬁeed to keep watch upon the composition of the
banana plant as the breeding work proceeds, and attention should now be paid

to sampling tissue other than that of the fruit and to other ranges of compounds.

Composition of Fruit of Certain-Other Varieties,

Fruit of certain other varieties were obtained from Honduras and analyzed.

The objective was to compare earlier results (in regard to general soluble

nitrogen content) with those obtained on some of the members of the 'Cavendish"

group, which have resistance to infection by Fusarium oxysporum f. cubense.




BIOCHEICAL AND MORPHOLOGICAL STUDIES OF THE BANANA PLANT
Cornell University, Department of Botany

F. C. Steward

Research in the Department of Botany has proceeded along several lines.
Work on the biochemistry and physiology of the banana plant, started earlier,
is being continued. Some work to relate the behavior of roots of Fusarium
resistant and non-resistant plants to their biochemical characteristics has
also been done. Work toward a better understanding of the growth and
dévelopment of the banana plant with particular reference to the morphology
of the fruit on the one hand and to the menner of growth of the vegetative
and floral shoots on the other is being undertaken. A brief summary of each

facet of the overall research appears below.

Biochemistry and Physiology of the Banana Plant.

A large body of biochemical data, obtained in prior years with th. help
of several investigators working in the Botany Department,has now been brought
to the point of publication. The published account will appear in a series of
papers in the Annals of Botany and submitted from the Department of Botany and
the Research Department of the United Fruit Company. The papers have the

following titles and will be bound together (approximately 70 pages) for

circulation and use:-

PHYSTOLOGICAL INVESTIGATION ON THE BANANA PLANT
I. Biochemical Constituents Detected in the Banana Plant.
II. Factors Which Affect the Nitrogen Compounds of the Fruit.
III. Factors Which Affect the Nitrogen Compounds of the Leaves.
When published early in 1960, this material will add extensively to kncwiedge of
the metabolism of the banana plant, especially in areas which had nét previously

been investigated; it will also form a background against which much other work

may be viewed.
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to evaluate resultse. In addition, there have been some complaints of
refrigerator car shipments out of Baltimore. At the moment an inves
tigation is under way to determine whether the cars themselwves, the
railroad handling of the cars or perhaps a handling procedure at the
wharf is responsible for these complaintsa
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inquiries. This outline is advisory and more information will have to
be compiled and studied before we can set up a standard to guide our
jobbers. With continued increases in trailer loadings, it scems ob-
vious that the quality of our fruit is seriously affected by some of
he poor equipment in usee

Car Preparation

In an effort to reduce cost, we are making a study as to the
feasibility of elimincting or reducing preheating services for refri-
gerator carses

We are also reviewing all materials and services supplied by
the company which are neceded to prepare refrigerator cars properly for
loadinge. This is being done with the view: towards the reduction or
elimination of those items and services which are not essential to the
safe transportation ¢f bananas in refrigerator carse

As an example, we have recormended the eliwinaticn of papering
refrigerator nar doors and the reduction of deor lumber for slatting
 from two per car door to one. - Savings effected by the elimination of
papering alone are estimated to exceed $1C,000 per enmume Although
‘these recormendations have not been put into effect yet, as they wers
only recently propesed, we do not feel that any serious difficulties
will arise from these eliminations end reductionse

Rough Handiiﬁg

The Association of fmerican Reilroads' Loss and Damage Pree
vention Section, and the Rzilrcad Perishable Inspection Agency have
reported to us that they were sxperiencing greatly increased claims
for rough handling in banana cars o the Pittsburgh area on shipments
from our Weehawlken Terminal.

In meetings with us “they asked our cooperation in exploring
ways and means to ascertain how this damege is occurring, and also
to try severzl new schemes in the method of bracing banana loads at
the doorways of the cars,

I% woe spreed that the bast way to study the problem iniw
tially was to institute heavy use of impact registers in cars con-
signed to Pittsburgh. When possibl: we are installing impact regi-
sters in every car consigned Iyom Weehawken to Pittsoburghe A care-
ful. tabulstion is also beins ¥oept on all shifted addamaged fruit
whether an impact registec is instelled or note
We have also coogcrated on the AAR's suggestions for changes
in the method of bracing fiiit,; ~llhough we feel that the tie-back
method of bracing has been working very satisfactorily (see previous

=
renorts)e. To date, three tests of several cars each have been run with

a paper tie-back across the front row cunches at the dooruay instead of
the method we are now employinz of string tie-backse It is too early
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The few tests made, utilizing the modified Preco Cargotemp,
have been successfule

We will follew the development of this system closely and
intend to run some tests with this car. Air distribution from fans
at only one end of the car may prove a serious probleme We hope to
be able to work with the manufacturer to insure adequate circulation
with our type of ladinge DBananas are one of tue few fruits or vege~ -
tables being shipped in bulk in railroad cars todaye

Mechanica2lly Refrizerated Cars

We have contimied to study this type of car and our conclue=
sions are still much the same as stated in the 1957 reporte. However,
we are contemplating some tests with this type of car, as many indus-
try suthorities fecl the mechanical refrigerator car will eventually:
replace all other types of cars, hauling perishables.

One western carline has on order 1025 mechanically refrige=-
rated cars which will be delivered during 1960. These will Le 50 foot
mechanically refrigerated cars (CGients) especizlly designed not only
for perishavle commodities, but also to be utilized on the return haul -
for reeular freighite These cars are.very much in demand on the West
Coact since they have a greater “Ppﬂley ‘which allows the shipper to~
take adventaze of incentive retese

It may be well to note here that there has not been any conw
struction of the standard RS type car in the past yesare There have only
been 150 type RS cars corstructed in the past two yearss Obviously,
the trend is away from the standaré RS type car, and some consideration
and study must be undertzken now or shortly to determine the requirce
w2nts of a mechanically vefrigerated car in relation to our producta
At the moment our basic sale unit is in carlot size of approximately
20,000 to 22,000 paungso The trend is toward construction of larger
cars which would be only partially filled with 20,C00 to 22,000 pounds
of bansnas. The size of ripening rooms has always been governed by car«
lot cuantitiese The trend toward large 50 foot mechanical cars is one
worthy of attention for other reasons, including their inability to be
served abt platforms and wvnarf terminal facilities already buiit with
proper cleszrances for L0 foot RS type carse Many warehouses have door
openings spaced for the LO foot RS type carce

“Lone Distance Truckine

The trend toward long distance trucking of bananas continuese
Refrigerator car lcadings are less than they were last ycar In 1957,
L% of the fruit went by rail and 28% by truck, in 1958 €0% went by
rail and LOY by trucke The performance of long distence trucking is
very much the same as stated in the 1958 reporte. There is much room
for improvenent, before truck performance aquals car DErfoOrmance e

An outlire of minimum trailer qualifications and specifica-
tions for long distance trucking was draun up as a result of jobber
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TRANSPORTATION PROBLEMS

Many of the transportation problems involve cooperative
work with other departments, particularly the Eguipment Department
and the Perishable Freight Inspection Departmente.

Alcohol Heaters

Due to the economic situation of carlines and railroads
there was very little increcse in the total number of alcohol heaters
available for banana use. However, our Perishable Freight Inspectors
are becoming more familiar with them and are using them to a greater
degree than previously. Some difficulty has arisen in the use of the
thermostate. After investigating the oroblem it was determined that
the thermostat would have to be used as a modulating thermostat, since
there is a considerable-lag between air temperature and pulp tempera-=
ture and thermostat setting. The direction in which the pulp tempera-

tures are progressing would also determine where to set the thermostats

Vle are now attempting %o devise a formula which would guide
the Perishable Freight- Inspectors on the selection of thermostat
settings A statistical study-is nescesssry to devise the formula, Al-
though there were a few alcohol heater failures, none has been of a =
serious nature. The new mixed fuel of’2/3'methanol and.1/3 isopropanol
is apparently working very well. .We have not received any complaints
attributable to this type fuel. O ' '

Provane Heaters

vie have countinued to work with mamufacturers of propane heaters
for transit heating of cars and trucks. One manufacturer we are working
with has made a cormercial shipwent of bananas with a propane heater in
refrigerctor carse. flthough the results were favorable in the test, the
test was run under conditions from which no real conclusions can be
dravm. This test was actually performed using competitive fruite

During the yecar we hare had several contacts with the mami-
facturers of the system known as the Preco Cargotemp method of tempera~
ture controlled shipments. FHowever, none of the carlines has purchased
this system for resular RS cars except for the prototypese

During the year, this system was modified and shows great
promise of being widely adopted by the railroad and carlines in an
attemot to f£ill the gap between the continued increasing demand for
mechanical cars and the regular RS type carses This is mainly due to
economics. The .iechanically refrigerated car costs $26,000., over
twice as much es a standard refrigerator care

The Preco Cargotemp system has been modified by eliminating
one of the end bunkers and including all of the air circulating fans
in the opposite bunksr. This provides much more loading area in the
standard lj0 foot car, and allows a shipper to take advantage of nsw
incentive rates for increased loading.
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Banding at retail store level is increasing at a faster rate
than all other types of warehouse packaging combined. Pressure sensi=
tive tape is sometimes employed because it is relatively easy to apply.
Banding at store level is neither recommended nor discouraged. It is
not recommended for the following reasons: i

1. Banding at store level is more costly than warehouse banding
because it is an inefficient operation accomplished without
the production line methods available at the warehouse.

2. It is impossible to identify with our trademark.

3« Store level banding is performed on a spare time basis consequently
during pealc sales on Thursdays, Fridays and Saturdays when store
personnel have a minimum of spare time, only a small. percentage of
fruit can be handed.

Ls Fruit banded at store level is more likely to be bruised ‘because
of additional handling and because proper facilities and oadded
surfaces are not available,

: The fact that banding is increasing at the retail level in--
. dicates that merchandising personnel are aware of its inherent advan-
tages and would, therefore, purchase prepackaced fruit from their sup-
plier if an ac cpptablc pvackase could bn delivered to the store at a
reasonasle Cost

&

Banding at the warchouse level is not receiving more wide-
spread acceptance due to the lack of consistently high quality fruit
and dve to present high labor costse

Automatic machinery reduces the cost of actual package operation,
but the cost of sectionizing the hands and grading the fruit is dependent
on labor rates. Wwhen the high quality fruvit required for packaging is
segregrated, the remainder of the fruit on the averaze stem is downgraded.
Thus the packaged fruit rust be increased in price to compensate for the
decrease in value of the downgraded fruite If we ever box fruit in the
tropics some thought should be given to retail unitsa
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check the origin of the twine in questions

Some complaints of wrong applications of string have been
ceived and we have noted this condition particularly on Dominican and
Ecuador fruit. In zase of b.uador we noted that, together with.short
ns, placewent of string under the top hand was contributing to theé high
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incidence of tip rot
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and to fill the wirebound crates to their [0 1b. capacities was re-
sponsible for the failure of thece tomatoecs to meet U. S. grade re-
auirementse The chief defects reported were "puffy,® “mischapent
fruits and "severe growth cracks" on some tomatoess The affected.
fruits were not numerous and easily could have been throwm oute This
would hawve improved the pack very greatly.

The quality of the tomatoes was generally considered excel= =
lent and even superior to the winter or early spring tomatoes on the
northern markete It would secem for this reason that Dominican tomatoes
properly graded and shipped to New York or Baltimore should do very wells

STALK TREATMENT

Our Third (marter Report - 1959 included a brief resume of
the stalk rot sanitation program since its inauguration in 1950
Attention to this program this year wes stressed becausz a greater
than usual incidence of Thielaviopsis rot was persisting in Pacific
cargoesa '

- The treatment with PoEeP«Se pastzs on the butt and tip ends
.of the stalks gave satisfactory control on fruit from all divisions
except Hcouadore Uhile the degree of control has usually heen less
on Pacific fruit than on Central American fruit the diffcrence has
been insignificents. :

Farlier in the year rather severe instances of stalk rot
were renorted on Ecuador cargoes discharging at liest Coast portse.
Investigations’ indiceted that the rot continued to progress in the
ripening rooms, but that the greatest loss due to Thielaviopsis rot
was in top hand fruvit. Thielavispsis rot was also cccurring on
middle hands and bottom hands due almost entirely to mutilated fingers,
broken hands and split crouns. Although butt rot was often fovnd to
be present after rivening (up to F0% of bunches affected) it had seldom
progressed vp the stalk to the Tirst hande Evezn in the case of the
top hands much of the damage could be attributed directly to broken
crowns and torn fingers. Short tips were found to be responsible
for much of the top hand damage together with the-misspplication of
the string under the top hend. Obviously these conditions are not
helped by P«i«P«S. applicetion. ;

Yie reccmmended in July, and stops were taken immediately,
to trensfer spraying equinment in storage in Mobile to Zcattle where
it could be uszd to spriy railroad cars used for long-distance rail
shiprents. At the same tire ue suggested that attention be ziven in
Ecuador to trimning the tiss and annlying the string properly.

BANANA STRINGIVC

. Iocally produced stringing twine is being supplisd in Goate-
mala, Costa ftica and Colo:tiz. i s are boing supplied with
J i o
Mexican twine. In generel the tuwine has been satislactory. Some com-
plaints of twisting have been recezived but we have not yet been atle to




chat L% was found on one shipment of blue marked polyethylene bagss

In the previous nine shipments, the red lots averaged 2.8% and the blues
5.8% ripe and turning. No evidence of Chalcid wasp injury was noted in
any of these subseguent red or blue marked shipmentss

Santa Rosa Farm Experiment

Simultaneously with the above four additional shipments of treated
stems and control stems, designated as brown or yellow marked bags, were
shipped to Baltimore from Santa Rosa farme

The ripe and turning percentages of the brown lots averaged
1.7% wnereas the vellow lots averaged 2.4% ripe and turninge These
results are not consistent with thossof the previous nine shipments in
which the brown lots averazed 6.1% and the yellow lots 2.8%. Differences
in grade between these two lots were negligiblee. Chalcid wasp injury
was fairly heavy on the yellow lots, averaging 10% as compared to an
average 243% on the brown lotse

Klein Exoerirents

A special shipment of 261 stems labeled "Kleln ewoerl entt

was discharged with a Fortuna cargo ex Santo Cerro-lli at Baltimore
on November 2, 1959, This shioment announced the bccinning‘of'a‘npw
series of experlm?ntg from La Lima. The lots in this experirment were .
designated black and vhite marked bags. However, a subsequent ship= .-
ment labeled "Klein fruit" in a Fortuna cargo ex Morazan, New Orleans, =
November 9, 1959 was marked.in red and blue lots. We have not been
told what the colcr codes mean nor have we been certain always as to

which colors stand for the Klein experiment. A further exzmple of the
confu“*on existing at this end over the color designations may be seen
in the shicment of a Fortuna cargo ex Santo Cerro-15, Baltimore,
November 25, 1959, Eighty-five stems of this experimental fruit were
marked with red or blue stripes and 155 other stems were marked with
green or white tape on the butts.

In the cablegram from La Lima mention was made of an Agro-
nony experiment but no specific mention wes made as to which colors re-
presented the Klein experiment lots. Consequently, sny descriptions
or the belt checks on this cxperimental fruit must be given on an in-
dividual shipwent basis rather than collectively, due to the colcr
scheme confusione :

Repcrts on each of these shipments have been forwarded to
Dr. Thornton in La Limae

DOMIWICAN TO-ATORS

This project is discussed in greater detail in the Third
Quarter Report - 1959,

Between February 16 and Aoril 17, 1959 six shipments of
tomatoes from the Dominican Republic were received and sold by the
Fruit Dispatch Companys Inability to pack a uniform size and grade
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OBSERVATIONS DURING COMMERCIAL RIPENING

For the fifth successive year special weekly reports have been
made on the ripening behavior of the fruits. These reports were based on
visits to jobbers! plants in the New York areae Through November 239
different lots of first-class fruit have been examined, mostly at the
turning or hard-ripe stage, in course of boxing for delivery to the re=
tall storese Ninety-five of these lots have been Chiriqui, 34 Golfito,

29 Honduras and 26 Vlest Coast Guatemala. Forty-one lots have been

Ecuador, of which 28 have been competitive and 13 company fruite Except
for Changuinola, which has not been represented, tne 1l remaining lots have
included at least two or three examples of the other reguler varietiese

Chirigui has again been the most popular variety with the New
York trade, exceeding all others in gppearance and general excellencee
Honduras ranked second in jobber avpeal, despite a temporary lapse in
Miarch because of scarring, breakage and small top handse Guatemela (West
Coast) ranked third in populerity over the first five months but has seldom
been available for observation in local rooms since that time. Condition
was generally good but quality and appearance were frequently no better
than fair. Golfito came fourthe This variety was briefly populer in

- Merch but has lost ground since because of inferior appearance attribu=

table to scarring, "dirtiness," maturity stain end stem-end rots Compe=
titive Ecuador came next in line., Condition and quality have been quite

"~ good for this variety. Since February, however, appearance has become

poorer. Company Ecuador has ranked somewhat inferior in quality and
appearance to corresponding competitive fruite.

There remain four minor varieties too sparsely represented for
definite renking. Competitive Golden Beauty was seen on four occasions
in September and Octobers. With those jobbers who customarily handled it,
this variety was seemingly quite popular. At its best it has reasonably
good quality and fine color. Only two samples of Guatemala (Fast Coast)
were seen in jobbers! rooms, one in April and one in May. This was quite
good in all respectse Dominican fruit has been examined only five times,
allprior to July. Condition and quality were quite good but appearance
mostly fair to poore.. Jobbers complained of "dirtiness," waste, "spots"
(thrips) and "scraggliness." Santa Marta was seen only three times, all
in Februarye. Condition and quality were only faire Appearance and

- jobber appeal wére poor in these casese

SPECIAL SHIPMENTS

0il vs. Bordeaux

See the Third Quarter Report = 1959 for detailed descriptions
of previous experiments from Mopala farm and Santa Rosa farm, Hondurase

As a continuation of this series, three additional shipments
of oil vs. Bordeaux treated stems were sent to Baltimore from Mopala
farm during the period from August 19 through September 28, 1959. No
ripe and turnings wvere reported on any of the three shipments except
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The percentage of wilted fruit has been rather formidable,
ranging from 21% in February to L0% in July, after which it has gra=
dually tapcred offe. Appearance hcs been mediocre with more tnan the
normal amount of scarring, latex stain, maturity stain, tip rot and
butt rote Beginning with April, there has also been considerable
stem-end rot of both the Santa Marta and the Thielaviopsis types

Santa Marta cargoes were available for the first four months
only. In February and March, when the grade was fairly high, ripe and
turning fruit averaged 2L4% and 20% respectively. Bunch weights averaged
from 60 lbse to 65 1lbse In January and April, when the grade was rather
light, it averaged 15% and 5% respectively. Appearance was rather poor,
with heavy scarring and considerable leaf scar, speckling and Santa
Marta type stem-end rote

Chaneminola was rather light in grade in March and May, fairly
normal throughout the remainder of the yzar, about the same as for Chiriqui
fruit. In January and February the ripe and turning and wilted percen-
tages were rather high; otherwise they have been reasonable. Average
bunch weights havs ranged from 70 lbs. in February, April and May to
79 lbs. in October and November. Apocarance has been about avzrages

Lacatan cargoes have been rather limited ~ one in January,
four in February and three in foril. Heavy grade in the January shipe
ment was reflected in an excessive percentage of ripe and turning
fruit (31%). Otnerwise condition was fairly normale. Average bunch
weights ranged from 65 lbss, to 7L lbs. Appearance was rather poor
with the heaviest scarring for any variety and appréciable percen=
tages of leaf scar, speckling and latex staine
West Coast Fzrvtmeﬂ was in rather limited sunnly from June
to December; in August and September there were no shipments wlAfﬂvor.
Althoush it weas sisten tlv reported light in grade except in October
a
pec
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B
and November, the January and February cargoes averagad 137 1nd l;o
ripe and turning respectively. Thereafter condition was not too bade
Average bunch wcwfnt ranged from 67 1bs. in March to 80 lbs. in Novembers

Appearance was rather poor, with considerable .,carrlnb and latex staine

B-ot Goast Custemala also showed execessive ripe and turni”o
fruit in ”“”duUJuIOP with ‘& lighiter 1L“ arrerage grade durin; the first
tuo months of 1959s Thearaniter the zrade was reczorted a 1iivtle heavier,
but nevertheless the p _“lb€nt“’” of ripe and turning fruit taperecd off.,
Average bunch weichts rangad :;om 68 1bse in January and ¥ay to 75 1lbse
in Auguste Ap carance was rather bettcr than averages

Dominicsn fruit was in supply during the first nine months of
1959« During nos of this time it averaced heavier in grade than any

other variety in regular supply. Because of the relatively short fingers,
however, and the sm?ll nurber of hands per stem, monthly average bunch
weight ranged fror a wmexisum of only 68 lbs. to s low as 55 lbs. Ripe

and turning raunge d from 184 in Januzry to 1% in May. Aopearance vas
poor, with averase scsrring but considerable latex stain, thrips injury
and Santa Marta type stem—-cnd rote
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CARGO OUTTURN REPORTS

For the ninth consecutive year this department has maintained
a SYutegath monthly record of cargo inspection data for each variety
importeds Until May 1, 1959, the necessary information had been ob=

tained from P.F.I. Form 101-A, now discontinued. Since that time it has
come from the Wharf Department figures.

Chirigni again has been the mos
the yeare In general it has attained a mor i
: e uniform grade than any of
the others. Frog Janvary to March and from May to Juge inclusive ythe
average bunch weight equalled or exceeded 89 lbse Only in August’did it

sink to as low as 75 1lbss The incidence of rine ine i
been closely correlated with grade and bunch wzig;€§ S o enl s

t acceptable variety throughout

Month Grade (Indexst) Bunch Weight Ripe & Turning
February " - 1 83 1bs. 10%
August - 22 75 1lbs, 3%

With regard to scarring and appearance in general, Chiriqui has
averaged about as clean as any other major variety.

. Honduras started the year considerably lighter, both in grade
and in-average bunch weight, than Chiriqiis By April it had caught up
in gradej by June it had caught up in bunch weight; by July it had ex-
cecded Chiriqui in both respectse Except in September it has maintained
that advantage ever since. This improvement has been offset by a corres-
ponding. increase in ripe and turning fruit, ranging from L% in January
to 9% in July and 15% in October. One October carpgo actially showed 4%

‘ripe and turnine. In general appearance Honduras did not suffer by come-

parison with Chiriquis

Golfito started the year with a grade about equivalent to that
of Chiriqui, but six pounds lighter in average bunch weight, For the
first few months it declined more rapidly than Chiriqui in both of these
respects, with a correspoanding decrcase in percentage of rive and turning
fruit. In May Golfito averape weight was 67 1lbs. compared to 80 lbs. for
Chiriqui. About the first of June, however, both grade and bunch weight
began a slow upward c¢limb, culminating in an October spurt that sent
bunch weights into the 80's accompanied by excessive percentages of ripe
and turning, imch of the heavier grade fruit has since been eliminated
from shipments of this variety but still it does not carry as well as it
should, In most cases it has been somewhat more heavily scarred than
Chiriqui fruite During the latter half of the year maturity stain and
Chalcid wasp injury have also detracted from its general appearances

Ecuador started out with the ligatest grade of any variety,
end tended to become lighter still as the year went on., Average bunch
weights have ranged from 7Tl 1lbse in March and April to 6L lbse from
fugust throuch October and 63 lbs. in Novembere. Through April the per=
centages of ripe and turning fruit were rather low. Beginning with May,
however, although the grade wos reported light, the monthly percentages
of ripe and turning fruit were 9%, 15%, 15% and 123 in the order named.
From September on, they have averaged from 6% to 7%

% Index = F3 =0, F= plus 100, LFZ = 3343, i = =66.7, thin = ~ 100
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- Chiriqul and Golfito fruit ex Comayagua~6 were used also in the
third test, Exposure time to ship conditions was 223 hours for Golfite
and 201 hours for Chiriqui, No underpeel discoloration was noted at 320
and 298 hours when the simulated period was ended, but was evident on over
half of the stems after 72 hours of ripening temperatures.

Microscopic Examination of Underpeel Discoloration

. Microscopic comparisons were made of the damage to the peel
structure occurring when underpeel discoloration was present at the time
of discharge, when induced by a simulated extension of the ship voyage;
also after frult had been éxposed to chilling temperatures (LO = L2°)
for varying lengths of time, To date these studies seem to indicate that
underpeel discolcration, incidental to mild cases of chilling, is indis=
tinguishable from similar discoloration evident at discharge of certain
cargoes or bmught about by a simulated prolongation of the voyage period,

Miscroscopic examination of fruit, which had been exposed to
53~5L4° and showed medium underpeel discoloration, revealed that the
contents of the latex tubes only had been affected,

Most commonly the latex globules had disappeared from solution
and were replaced by fewer, larger, grayish, roughly spherical granules
clustered in one end of the cells, Iless frequently the entire contents
-of some cells. coagulated inte an orange colored amorphous masse

Examination of fruit exposed to chilling temperatures (LO«§j2°)
for 18 hours showed a similar condition, except that some disintegration,
but no discoloration of the plastids in parenchymatous cells was also
noted, ILonger exposures up to L2 hours resulted in the complete plugging
of the latex tubes with a yellowish gel which contained clusters of coarse,
grayish granules,




ranging from 800 to LOOO stems each, Outturns were as follows: ripes

averaged 5,7%; turnings averaged 5.,6%; and weight of nines averaged 68,9
pounds,

In all cases reports from interior jobbers indicate that the
Iacatan fruit attained a fairly attractive color and stood up fairly well
in the retail stores, In other respects the picture is not so goode Scar=
. ring and stem=end rot were quite severe, Shrinkage was said to be unduly
heavy, although ne specific figures were givens

UNDERPEEL DISCOLORATION

A summary of our observations and tests relating to underpeel
discoloration was given in the Third Quarter Report, A resume of the
test results is given below, We have confined our discussions of our
observations of underpeel discoloration to the Chiriqui « Golfito
cargoes discharged at Weshawken, We feel that by so doing we eliminate
many of the variables involved, During the year there has been som2
underpeel discoloration reported in other cargoess In no case, howaver,
was this of a serious nature,

. ; Of ‘tha Chiriqui = Golfito cargoss scheduled for Monday dlscharge
at Weehawken through November 15th this year 1l were carried at SL° and
were reported free of underpeel discoloration; 28 were carried at 53°,

of which only 9 were free and 1l were affecteds During this year only L
cargoes were carried at 52° and all were affected.

Durinp the period betwsen August and the middle of November
ten Thursdathriday gcheduled cargoss were discharged of which 5 out of
9 carried at 53° shared underpeel discolorations One carried at clLe 3
was not affected.

Tests to Induce Underpeel Discoloraticn

Three tests were conductod to induce underpeel discoloration
by simulated extenslon of regular voyage time, A1l of the fruit salscted
for these tests was free of underpeel discoloration when moved to ripening
rooms, Ship carrying and test room temperatures were 54°,

In the first test the fruit was Fortuna ex Tivives«8 which had
been exposad to. ship conditions foar 134 hourse No indication of underpeel
discoloration was noted on the frult after extension of the exposure time
to 220 hourse Also no evidence of this problem was noted after 287 hourse
After ripening, however, all of the fruit was decidedly offecolor and all
showed varying degrees of underpsel discoloration,

The tecond test was conducted with Golfito and Chiriqui frult
ex Juniore€ which had been shipped at SL4°, Golfito had been exposed te
ship conditions for 218 hours, and Chiriqui exposed for 197 hours,
Golfito showed no underpeel discoloration after 322 hours total exposure
time e

Chiriqui aleco did not show evidence of this problem after 301
hours total elapsed tims, FHowever, underpeel discoloration did appear
after the fruit had been subject to ripening temperatures for 67 hours
and had reached color-3,



Perhaps the most outstanding single characteristic of these
Tacana Sport stems was the large sturdy stalk, The average number of handg
per stem increased from 10,5 to 11,9 at the end of March and then decreaseq
to about 11 in April, Average weights followed closely the same trend,
The average weight of the individual lots ranged from 70,8 pounds to 8949
pounds,

New York reports indicate by the uniformity of the average
weight per hand that finger size was uniform and medium, These reports
also show that ripening shrinkage was high (16,4%) due to heavy stalks
(12%)e Scarring was heavy on all shipments and stemeand rot was severe
on the open-handed stems, Misshapen hands, which at first sesmed to be
characteristic, were of minor importance in the recent series of shipments
in which four stems with misshapen hands were noted, Oversized stalks,
however, do seem to be characteristic, This is a disadvantage from the
shrinlage point of view but may indlicate a more sturdy plant which, in
addition to its dwarf character, may male 1t more blowdown resistante

Media Mata

A more detailed description of this variety has been given in
the Third Quarter Report = 1959, Madia Mata is a &rarf variety of bananas
apparently native in the foothill regions of the Dominican Republice, The
plant grows to about half the height of Gros Michel, hence the nams, It
is believed locally to be resistant to Panama Disease. It is said to
-resemble the Dwarf Cavendish but the fruit, in some respects, more nearly
resembles the ILacatan, It seems possible tha.t it may bes a dwarf lacatan,
Between April and August 1959 soms lMapdia Mata bananas were regularly in-
cluded in the Dominican cargoes to U, S, Porta, as well as at least two
shirments which were made to Enzland, Media Mata shipments totaling
3C00 stems havs been included twelve timss in U, S, cargozs. The nurnber
of s‘*13 per caiprment ranged frem 57 to 504, The nines weighed I to 12
pounds heavler on the average than the averags weisht of ninss in ths
sams Dominican earzo, Slightly more hands per stem ssea to accomnt for
this fact, Very limited. data indicate that this variety tends to have
s-.m«“, y‘vme* fingers of scmswlat =mallsr but mere uniform size than
Gro3z Michel, Finzzsr tipg are well filled which tends to cffset short—
i’i.y,ref,‘;».ss 23 rezards fingsr weight, Stalk dizmeters and stalk weights
of lzdia ¥ata zre lszs than even Dominiczn Gros Michal, but rather more
zocrmarable to Santa Marta,

»s tend to "?elaagpedi.a}.ss&dlet};ec*‘mmam
r gtalks which canse finger crowding in the hand
,0*1;3 Zzve mentionsd steamesnd rot in this varisty
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ev=n tmouzh 2 teen noted in most dausstie shipments, ¥edis Mta
22433 40 rzisntlsz toth the C zyendd 2 andd particalarly the Izcatan in this
characteristic. Thars bave baen rather sirong indicatiorns that this variety,
43 Iaca%zn, 1s mcTs ssnsitive $o low fexperatures than Jros Michel, %hile
paiatasiliity and flzv7or sre matters of persoral preferencs, some indications
zrg that Meddz Meta shonld nof soffer on this score,

Tazatan Banaras

Trhe Third Qnarter Heport = 1959 and inmual Report - 1958 present
a more thorouzh coveraze of this zabject, Cawercizal ecals shipueants of

Lacatan fruit, tszm in the Spring of 1958, were continmued on 2 1{
decreasing scile into 1959, Thers rave besn elght such shiprents altogether,
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A serles of six special shipments of Cocos fruit in Fortwna
cargoes were discharged at Baltimore betwsen September 1l and November
2, 1959, During this period the ripes and turnings of Cocos ranged from
2,5% (Sept.) to 15% (Nov,), However, the ripes and turnings of the regular
Fortuna cargoes wers consistently hizher during this same period, ranging
from 3.5% (Septs) to 21.5% (Nove)e The grade of Cocos was comparabls to
Fortuna during the period since the grade of both varieties fluctuated
about equally between heavy and light for all six cargo outturns, Cocos
showed less average open-handedness (5%) than did Fortuna (16,3%) for the
six outturns, Short-fingeredness also ran lighter on the average for
Cocos (1%) than it did for Fortuna (2.2%). Average weight of Cocos stems
(81 1bs.) was heavier than the average welght of Fortuna stems (77 lbs,)
during the period,

Severe scarring was also lighter on Cocos than on Fortuna, Cocos
showed a heavier average percentage of latex stain during the last three
cargo outturns than dld Fortuna and there were more broksn bunches of Cocose
Underpeel discoloration was reported on both the Cocos and Fortuna in the
last cargo but it was more severe on the Fortuna,

Cocos Shipments = Chiriqul Cargoes

Over the period from September 1l to November 16, 1959 a
series of eight special shipments.of Cocos fruit were included in regular
Chiriqui cargoes which were discharged at Weehawken, New Jersey, In
addition, one cargo, originally destined for Weehawken, was diverted te
New Orleans due to a longshorements striks but no inspections were made
on the Cocos fruit, The first six of these shipmsnts included a large
proportion of plantilla fruit; the seventh and eighth consisted exclusively
of second and third growth fruit, '

The Cocos in the first six shipments was somewhat lighter in
grade than the regular Chiriqui fruit, There was also two and one half
-times as much rips and turning fruit as in the regular ocargoese The
Cocos shipments also included much more very shortefingered fruilt, as well
as three times as much very openehanded frulte Cocos was also much more
subject to breakage and it weighed alightly leas per stem than Chiriqui,

The Cocos stems in the seventh and elghth shipments continued
somewhat lighter in grade and included even more very shortwfingered frulte
Thess later shipments included not three but five times as much very opene
handed fruit as the first six shipments, The Cocos still seemed more
subject to breakage than the regular Chiriqui fruit,

While most of the foregoing comparisons must nacessarily be
considered unfavorabls to the Cocos varlety, many of the differences
uncovered are matters of degree onlys A high proportion of the initial
8ix shipments conasisted of plantilla frult and many of their worst features.
short=fingeredness, openwhandedness and excessively heavy stalks-are common
faults of such fruit, The seventh and eighth shipments which included only
second and third growth Cocos fruit, comparatively speaking seemed no bette:
than, or even slightly inferior to, the plantilla fruit,

Tacana Sgort

No ehipments of the Tacana Sport variety have been received since
last reported in the Third Quarter Report = 1959,
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