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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, b, C

STICKINESS AND SPOTTING OF SHELLED
GREEN LIMA BEANS'

By CharLes Broows, privcipal pathologist, and L. McCorrorn, prineipal scit niific
aide, Division of Frog aqd Uegetable Crops and Diseascs, Bureaw of Pland
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INTRODUCTION

Fresh lima beans develon two ebaracteristie and serious troubles
when beld or shipped after being shelled.  One of these is o slimy,
sticky condition of the surface, which causes the beans to =tick to the
fingers when teuched; the other is 2 ruperficind spotting.

The spots are vsually small, 1 to 3 mm In duuneter, with a rather
indefintte margin (fg. 1), They are usnally brown, but if the beans
are held under very humid eonditions the color may beeame olivacesus,
In the early stages of the trouble only the testa 1s affecred. but in later
stages brown spots on the eovledons are evident upon the removal of
the testa.

Many inquiries have heen received by the United States Department
of Agricnlture in regard to the above troubles, especially stickiness,
and the [ollowing experiments were undertaken to determine the
nature of the diseases and to meet the demand for a remnedy.

MATERIALS AND METHODS

Except where otherwise stated the beans used in the present experi-
ments were grown at Avlington Bxperiment Farm, Arlington, Va., and
were freshly picked. The beans from Florids, Cuba, and California
were purchased in the pod on the Washington, D, €., market.

¢ Subnnitted for nublication June 2, 1937,
* Sarlier oveported studies on the present probism were macde by B, C. Wright snd T, AL Whiteman, of

the Division of Froit and Vepgstable Crops pndd Diseases, whoe found tre the two ditenses could be Iargely
controfled by treationg the shelied beans with dilfereot concentrativns ol echyi alcotiol.
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Froshly shielled beans were used in all experiments.  Unless other-
wise stated the beans were stored in fruit jars, The jars were closed
with the usual tops hut with strips of cardboard beneath the tops so
as to allow a slight exchange of air.

The [ungus inoculations were made by immersing the beans in a sus-
penston of the spores in sterile water. 1n the bacterial inoculations
24-hour beef-broth cultures were diluted 1 to 10 with sterile water,
and the beans immersed i the solution. The control lots of beans were
imunersed in sterile water or in similarly diluted sterile broth. The
beans were allowed to dry belore storing.

J— . L

Fuivng L—spotting of Hende son Bo-de limg beaos s affecund by exposure s carhon dioside. Vhe heans
were pleked Sepdentinr 25, WH L 07 FL stermee; f1, cortro] refripocilor, with ienipreatine doopping
from oo mmtad 77 1o oA ol 310 and avemneing 457 O releizerator, with temperture dropping frong 73°
to 47, wverymae &3 sl w bocurbon diovide deapping feore 31 percent ta 15 pereent antl averngeing 24
fareenl A pelngeraior, with semiperatiere dropgns oo 75% 10 485, avenenos W5, and with eachion diox-
tebe ddpapgine from 51 porcen! B0 3 perernt, @ ne Al pwreeai. Phatopraphed nfter 2 dass under experi-
meniil vondilions; subsenuent Clorace of dava a7 amed Ldose g T

In determining the resalts of the various treatinents the degree of
stickiness was estimated by the extent to which the beaos would stick
to the fuigers und by the Jarring required to disledge them, As g
means of compuaring the different lots. the stickiness was rated as per-
cout, with 100 as the worst conedition possible,

The effeet of the various treatments upon spotimg was determined
on the hasis of the average number of spots per bean. This number
wis arriy ed at by estimation. with oecastonal counts ns o ebeck on the
securaey of the estimndo,

TSOLATIONS AND INOCULATIONS

BACTEIRLA

Cultures [rom the sticky surfaces of shelled lima heans from Cali-
fornia, Virginia, and Florida gave an abundant developmoent of bae-
teria, Pure cultures were obtained of the organisms that were present
in greatest numbers and these were tested by inoculations on crher
shelled henns, The vesudts of these inoculations are shown o table 1,
The cultures were naned aceording o the place of origin of the beaws.
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In a few instances the beans imoculated with bacteria developed
more spots than the controls snd in others the reverse condition held,
but in general there was no indieation that the bacteria had any effect;
upon Spl)ttmn‘

On the other hand, with the exception of one of the four cultures
from Florida beans and three of the nine cultures from Virginia heans,
the bacterial inoculations caused 1 decided increase in stickiness.  This
inecrease was 40 to 100 pereent with beans that had received no previous
disinfecting treatment and 150 to 1,000 pereent with beans that had
been disimiected with aleohol prior to inoculation.

There was litlle contrast in the results obtained with bacteria from
California, Florida, or Virginia beans, indieating that ournmsms
cnpnb[c of ]deucmn' stickiness have a wide distribution. Culif.
Fla. 2, and ¥a. & were three of the particularly active organisms and
wore selected for use in most of the physiologieal and contral
experiments.

FUNGI

When spotted beans were examined under the microseope, mycelium
was plainly evident. Isolations from the aflecied tissue uniformly
gave cwltwres of Cladosporium. The results of inoculations with
this fungus are shown in table 1,

In two of the Cladvsporium inoculutions stickiness was decidediy
deereased and in the other two it was increased, In these and other
experiments there was some Indieation that an abundant Cladosporium
growth tended to deerense stickiness, possibly becouse of decreasing
the surface moisture available for the bacterin.

The effect of the (advsperium inoculitions upon the oceurrence of

spotting was most pronounced.  In one test the inoculation increased
the avernge number of spots per bean from 5 to 75 and in the three
other tesis from zero to 50, 70, and 80. The ariginal (ladosporium
was rosolated readily from the inceculated beans,  The results seem
to leave no doubt s to the pare plaved by (Yedosporium in the
production of lima bean spotting.

EFFECT »F HUMUINTY

Sxperiments were undertaken to determine the effoct of humidity
under storage conditions.  The results shown in figure 2 give con-
clusive evidenee that both spotting aund qh{-lqneas were highly re-
sponsive to moisture conditions, A drop in the relutive hurmchtv
of the storage atmosphere from 96 (0 73 pereent resulted in a decrease

m sildunem ranging Trom 50 to 73 pereent and a decrense ju the
number of spots of G0 to 84 percent.  Likewlse, a1 dvop in humidity
from 96 to 88 percent gave a decrease of 18 to 37 pereent in stick-
iness and of 30 to 40 pereent i number of spats.

The beans became badly shriveled when held in an atmosphere
showing 73 percent relative humidiiy.

In the more humid ntmospheres the spots were olivaccous in color;
under drier conditions they were brown.




STICIKINERS AND SPOTTING OF LIMA DBEANS
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Frorre 2,—EfTeet of hemidity apon the development of stiekiness oo spotting of sielled green timn Doans.
Al Jots wore slored ol 30° ¥, in open containers Tn lorge meind boxes, The high-, teditne, and low-ho-
milits bexes il refntive bungddities of approsinately 9, 88, and 73 pereent, respoctively, o1, King of
the Ganden L beans, Senwettber 11, 1835; oeulaled withe Cladosparinn; roeozel wltet § dayy’ storape.
B, King of the Garden lima beans Seplember 11, 1955, washed I8 30-pereent nleahol 1 mingte, ringed in
water, then ineenbated with bocterinm Flo. 2 reeord nfier 5 davs” storupe, €, Fordhook o beans,
Sepetaher 23, 1934 washed In Sk pereenl nleohal Lmiroue, issett inowaier, then inoanated with Cledo-
aporio; record after 7days’ storape. B, Fordbook e beans, Sceprenber 23, 105 washed 0 3H-pereent
aleohol ! mingte, rinsed i woler, pod inoeulted wich hoeterinm Fla, 20 cecord after 7 days® storome,

EFFECT OF TEMPERATURE ON STICKINESS

The effect of temperature upon the development of stickiness is
shown in figures 3 te 7, inelustve. The beans were neithor washed
nor disinfected, and, with the exeeption of those reported in figure 3,
they were not inoculated. The development at 77° F. was more
rapid than at 88°, bub at either of these temperatures uninoculatecd
Fordhook and King of the Garden beans had become quite sticky
by the end of 2 days, and Henderson Bush and Dreer Bush lima beans
by the end of 4 days {ligs. 4-7). The development at 59° was 24 to
36 hours later than that at 68°, the development at 50° usually more
than 2 davs later than at 59°, and that at 41° more than 4 days later
than at 50°. At 41° the beans usually remained practically free from
stickiness for 1 week or more, and at 32° lor 2 weeks. The develop-
ment-oat 68° was usually two fo two and one-half times as rapid as
at 50°,

The development of stickiness on inoculated beans was more rapid
than on the uninoeulated ones (fig. 3), but there was the sane general
temperatire response.  The results reported in figure 3 would indicate
that there was no signifieant, difference in the tempersture response of
bacteria from different sections of the country, bub the beans of this
experiment were not disinfecied prior to inoculation, and therefore
Fm:ried their chanee supply of bacteria as well as those added by inocu-
ation.

The eflect of temperat i~ on the growth rate of bacterium Fla, 2
in Petri plate enltures . hoaniin figure 8. Af the end of 4 days the
average dlameter of the - olonies at 77°, 682, 50°, and 50° I*. was 16,
12.5, 5.2, and 3.5 mm, respectively, whereas no growth was evident
at 41° ot that time or 2 days lager., At the end of 11 days the average
diameter of the colonies at 59°, 50°, and 41° was 11.1, 7.5, and 3.0 mm,
respectively, but no growth was evident at 32°.
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The above experiments indicate the great value of low temperature

in preventing the development of stickiness. Tt is evident that fem-
peratures of 50° F. or higher cannot be relled npon to hiold stickiness

STICKINESS [FERGENT)
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32° complote control for 16 1o 14 days.
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EFFECT OF TEMPERATURE ON SPOTTING

The effect of femperature upon the development of spothing is
shown in figures 4 to 7, inclusive, and its effect upon the growih rate
of Cladosporium is shown in figure 9.
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Fre ks - Tempenuiture-prowth etirves Tor Bacternsin Fla, 2, us shown in the dJismeler of the calanies.
frrowih on beef agae of pil 7.

With the inerease in temperature frong A0° to 68° 1, the rate of
growth and the developniens of spotting beeame 50 to two and one-
half times as rapid; above 68° the increwse it spotting wus a0t 50 rapid,
and on Thaxter's agar the fungus grew but little better ay 77° than at
59%; below 50° the development of spotting was greatly delayed. The
contrash between 41° and 50 was nearly as greas as that between 50°
and 68°, and at 32° the growth of the fungus was almost completely
tnhibited.
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EFFECT OF EXPOSURE TO CARBON DIOXIDE ON STICKINESS AND
SPOTTING

Experiments were earvied ont to determine the effcet of exposure
to carbon dioxide upon the development of stickiness and spotting,
In the experuments reported in lizores 10 and 11 the beans were held
at constant temperatures and in atmospheres kept uniform by con-
tinous renewal, Approximately six changes of alr were made caeh
24 hours. Some of the beans were Tield In atiospheres containing
35 pereent of carhon dioxide, and others al the same tenperature 1
air that was practieally free from carhon dioxide. The abmospheres
were prepared by nmxang earbon dioxkle with air by means of flow-
meters,

Other entbon dioxide experbmenits were made In pony relvigerators
as deseribed Inoan carBier publication 715 The medificd atimospheres

ANERAGE DIAMTTER OF COLONTR [ MLLIMETERS ]

© ; B
B e N PR —————

FIGURE B - T ra re-Erow il coeves for £ ftdisperin s (roats <pod el B deans, Giren tdn an THoaee'™s
SHETAT.

wore obtained by supplementing the ordinary ieing with the addition
of a small gquantitye of solid carbon dioxide.  The temperature and
carbon dioxide conditions of such an experiment ave shown in figure
12, and the effeets of the treatiments upon stickiness and spotting are
reported dn figure 13, The exprrimental condifions were continued
for 51 hours, then all lots were moved fo moiss chambers at 502 F,

The treatiments for Jot (7 were similar to those {or .3 and B, The
tomperntures in the three refrigerntors were practleally identieal and
averaged approximately 48° ¥, The maxinum carbon dioxide in
', 3, was 60, the minumum a4, and the average 60 pereent. The
carbon dioxide in €, 4, ranged from g high of 36 pereent to u low of 16,
and averaged 25, After 2 days under the experimiental conditions
all Jots were moved to mowst cluunbers at 50°,

The development of stickiness on the beans held in carbon diexide
at o particular tewmperature was approximately the same as that on the
congrols held at a temperature 18% lower (figs. J0 and 11}, For
instanee, the results at 779 . with carbon dioxide were similar to
those at 59° without carbon dioxide, and those at 50° with carbon
dioxide were stmilar to those ab 32% without carbon dioxide,

3 dtahe ntsabhers in pareptheoses refer Lo Literalire Ched, b,
ARS8
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Iu the pony-refrigerntor experiiments, as shown in figure 13, A and 7,
expesure of the beans 1o 25 pereent or more of carbon dioxide resulted
mn g delay in the development of stickiness that was decidedly longoer
than the period of treatanent, whereus in € the delay was not so lr?ng
as the period of treatment. The results would indieate that the
bacterin that produce stickiness were greatly inhibited by the carbon
dioxide treatments.  Twenty-five percent of carbon dioxide gave
nearly as great inlibition as 50 or 60 porcent.

N |

CARBON DICXIDE {(PERCENT
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't
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TEMPERATURE (°f.)

I
L

41

LY

PM. AM. PM. . AM. M.
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Freot ke 12— arhon Giovide and tom gt ure curves inoan experiment with Woald Prelifie and New Fiila-
Tz, pigked Oetalaa 17 e 1, W30 Rel 1, congre] eefrizernior, of, 2 angd rof, 3, earbon
sl i thee apper et af the flraee, (Pl dweriemeant e vell § faibed o reeond, bue the

e Cntiditions saoaehl Bave been sintilar Lo 1 Bose I e atlior Do relrigetatorsa

In these experiments records were kept on spotting as well as on
stickiness (figs. 10, 11, and 13), and it was found that earbon dioxade
had a greater inhibiting effect upon spotting than upon the stickiness.
In all the tests reported in figures 10 and 11 the inlubilion from expo-
sure to carbon Hoxide was as great as that resulting from an 18° drop
in temperature and In many eases equal to that of o 27° drop.
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In the pony-refrigerator experiments reported in fgure 13, A and
B, the period of delay resulting from the carbon dioxide treatment
was two fo three times as great as the period of treatment; in those
reported in ¢ the delay was fully as great as the period of trentment.
These results indiente that carbon dioxide not only may corpletely
1nhibit spotting but also produce conditions unfavorable for its later
development. Twenty-five percent of carbon dioxide gnve nearly as
greatinhibition of spotéing as 50- or 60-percent coneentrations.

Three earlier earhou dioxide experiments were made with conditions
and results similar to those reported in fisures 12 and 13, but the rec-
ords were not taken in a form that could be tabulnted. However, the
;;L‘l‘)’ effective control of spotting in one of these tests is shown in

igure 1,

EFFECT OF EXPOSURE TO CARBON DIOXIDE ON FLAVOR AND QUALITY

A cooking test was made on the beans of the experiments reported
above, and those from the carbon dioxide lots were found to be fully
as good as those from the controls, This is in agreement with an
earlier report (2).

Miller and Dowd (#) found that carbon dioxide had a favorable
effect upon the retention of sugar in lima beans, Beans held at 77° F.
in an atmosphere containing 42 percent of carbon dioxide retained
their sugar almost gs well as control lots at 59°. At lower tempera-
tures the eflect of the carbon dioxide was less pronounced.

EFFECT OF DISINFECTING WASHES

Various disinfecting washes were tested in a study of possible
methods of control and as & means of obtaining further information
as to the nature of the two disenses. If the inoculation experiments
previously reported (p. 3) were not sufficiently convineing, the re-
sults of the disinfecting tests leave no doubt as to their infectious
nature.

The records on spotting and stickiness were taken as previously
deseribed (p. 2). The record oninjury was taken as percent. Where
the injury is reported as less than 5 percent it was usually in the nature
of a slight blenching of the beans. ~ Where it is reported as 5 percent
or more there was usually a hrowning of the testa or other rather con-
spicuous injury. The Jeast mature beans were most susceptible to
injury. All of the treatments were given at room temperature. Some
of the tests were made on shelled beans and others on the pods before
shelling,

SHELLED-BEAN TREATMENTS

The results of the disinfecting treatments on shelled heaus are
reported in table 2. In three of the tests one control lot of shelled
beans was washed in tap water and another left without washing.
The washing had little il any inhibiting effect upon the development
of stickiness but caused a decided reduction in spotting,

The only disinfecting treatment found that showed promise of
being commereially practienble was that with ethyl aleshol (non-
denatured). The vsual procedure was to Immerse the beans in g 30-
percent aleohol solution for 1 minute, then remove them and allow
several minutes’ free exposure before storing.  In addition to its dis-
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infecting properties the rapid evaporation of the alcohol greatly
facilitated the drying of the beans.

Tn all of the 12 tests, the alcohol treatment eliminated spotting for
the storage period of b to 9 days and greatly delayec the develop-
ment of stickiness. in some cases a pariicular degree of stickiness
was attained 2 days later on the treated than on the con trot lots, and
in other cases 4 to & days Inter. With other lots (7 and 12, table 2)
stickiness appeared to be permasently eliminated. In records taken
6 to 8 days alfter trentment the stickiness of the trented beans
averaged more than 79 percent below that of the control lots.

Tanve S—Disinfeetion crperiments on shelled green limn beans
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TanLe 2o lisinfection experiments an sholled green ma heanrs—ontinned
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In one of the experiments, Li-pereent aleohol was used in ecom-
parison with 30-pereent aleohiol (ot 11, table 2). It gave complete
control ol spotting, but much poorer control of stickiness than the
30-percent.,

The aleobol treatments had o slight bleaching effect. The wreated
beans bad less green color and less sloss than the untrented ones,
but the condition wus nol usually noticeable except upon comparison
with other lots,

Acidified aleohol was used in three of the experiments (lots 8, 10,
and 12, table 2}, Adding 0.02 or .05 percent of hydrocthilorie acid
tr Lthe 30-percent alevhol decidedly inereased its effectiveness in the
control ol stickiness.

It was not found possible to secure satislactory control of stickiness
and spotting with acids alone, without injury to the beans. Ten
percent acetic, 10 pereent lactie, and 1, 0.5, and 0.25 percent hydro-
chloric acid gave decided reduction in stickiness and o signilicant
reduction in spotting when used as washes but caused sufficiens
injury to bar them from practical considerntion.

A B5-percent solution of copper sulpbate was used in one test
and gave fair control but with severe injury.  Sodium bisulphite was
used in one sel of experiments (lot 8, tuble 2). The material was
wrapped in cotton (o prevent econtact with the beans and placed in
the bottom of the jars in which the beans were stored.  Using 1.0,
0.5, or 0.2 g to cach pint of beans decidedly Increased the development
of both stickiness and spotting.

Aside from alcohol, formaldelbyde made the best showing from the
standpoine of discase control.  Holding the beans in » 1.0-, 0.5, or
(.25-percent sofution for 1 minute gave complete control of spotting
in every ease amd as pood coutrol of stickiness as o similar treatment
with 30-percent aleohol.  The results were alse satisfactory from the
standpoint of injuey. The oder of formaldehyde soon disappeared
after treatment, but chemicnl tests showed that the beans actually
retained an appreciable umount of the material. Beans that were
washed in a 0.25-percent solution gave a positive test 1 day after
treatment, and beans that were washed in a 0.5-pereent solution gnve
& positive test after washing and also after cooking. The chemical
tests were made by Rimini's method as modified by Schryver and
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desceribed by Plimmer (6. Tests onmaterial having a known concentra-
tion of formaldehyde showed that the method was sensitive to 1 part
in 1,000,000 and the reactions with the beans indicated that several
tiptes that amount was probably present.

The fuct that formaldelyde foils to completely eraporate from the
heans mﬂlms' 118 use questionable and possibly dangerovs from the stand-
point of publie health and learves ethyl aleokol as the only material tested
that has shown proctical possibifiticy,

POD TREATMENTS

Sinee stickiness and spotting cause no trouble on unshelled heans,
it scemed probable that the pods earvied the causal organisms and
that they were ladged on the beans in the process of ‘shelling. 11
this was true it was thought probable that the germs could be de-
stroved by pod disinfection and a method of control devised that
would svoid the necessity of drying the beans after shelling. The
resulis of various pod treatments are shown in table 3.

TaABLE 3. FPod disinfietion of grecn fima brans
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Tanne 3.~ Pod disinfection af green Hma brans—Continued
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In a number of the tests the beans were held in g moist chiwmber for
severnl minutes following the washing trestment. The purpose of
this was to simulate the conditions that would cecur with larger lots
where the dipped pods might have to stand in baskets orin & pll(‘ for
a short period before shelling.
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Immersing the pods in a 4- or & 1.6-percent formaldehyde solution
for I minute or 2 minutes usually gave good control of both stickiness
and spotting with little or no injury te the beans, but it was found
that the pod treatment was but little better than the bean treatment
from the standpoint of objectionable residue. Formaldehyde to the
amount of 1 part or more in 1,000,000 was found in the beans after
shelling even when the disinfeeting solution was reduced to 1 percent
aud the pods washed before shelling.

Immersing the pods in a 2-, 1-, or 0.5-percent solution of copper
sulphate for 5 minutes gave good control in some instances but poor
controlin others. Insome of the experiments there was slight injury,
but no test was made as to the extent to which the copper sulphate
passed over to the beans. In none of these treatments wus there
any evident effect upon coloy.

Iminersing the pods in a 1.5-percent solution of ammonium hydrox-
ide gave satisfactory control of spotting with no Injury to the beans
hut failed Lo decrease stickiness.

Washine the pods 1o a solution containing 1 or 2 percent hydro-
chloric acid or 2 or 5 percent of acetic acid vsually gove satisluctory
control of stickiness and cousiderzble reduction iun spotting. With
the stronger solutions and with prolonged exposure to the weaker
solutions injury was sometimies Jound on the beans, hut the results
indicats that an acid wash has practical possihilities, especially where
stickiness is the major problem, as is usually the case.

Pods were washed in a 30-pereent solution of aleohol 1n one instance
and in a 50-percent solution in another. The weaker solution gave
considerable reduction of both discases and the stronger still better
control, but the results indicated that o more efficient fungicide was
desirable int the case ol pod treatinents.

Chlorinated lime solutions were prepared according to the methods
recommended for disinfection. Complete control of spoiting and
satisfactory commereial control of stickiness was obtained with 3-, 4-,
and S-percent solutions with no significant injury. The chlorinated
fime solutions were prepared {rom stock materinl containing 53 percent
of available chlorine.

All things considered, a chlorinated lime wash for the pods seems to
meet commercial requirements better than any other disinfecting
treatment that has been tested.

CAUSAL ORGANISMS

1t Is evident [rom ihe foregoing experiments thas the stickiness
developing on shelled lima beuns is enused by bacterla and the spotting
by & fungus. Studies bave been made of the eausal organisms with
the purpose of determining their proper classification.

BACTERIA CAUSING STICKINESS

Isolations from sticky beans showed that there were o number of
different bacterial orgauisms present on the surface. While most of
these organisms caused an increase in stickiness when applied to the
beans, it was decided to confine the detailed bacteriological stadies to
the three that were most active in producing the trouble, one each
from California (Calif. 2), Virginia (Va. 9), and Florida {(Fis. 2).
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The writers made bacterinlogical and physiclogieal studies of ihe
three organisms, but it scemed advisable to have them studied and
classified by some one fumiliane with bacterial soil orgunisms, The
authors are indebted to N. IL. 8mith, of the Division of Soil Micro-
biology of the United States D(\pqlhnontofﬁm iculture, for the identifi-

cation of the organisms and for the supporting statements of the
descriptions. Their own results are in agreement with the character-
isties reported.

The bacterinl cultures of Va. 9 have been found to have the follawing
characteristies:

small, slender rods, aclively motile, with one to three polar Nagella: CGram-
negalive,

Gelatin stab: Growth filiform, no liquefaction.

Beof spenr: Abundaot, flaf, i.lun, glistening prowll, the wmedium turning green
Mluorescent.

Broth: Clowdy, tendoer pelijele, floceulent sediment, green fluorescent.

Litmus milk: No coagulation, alkaline,

Milk agar plate: Large spreading eolony, yellowish and brownish; no digestion.

Polato: Abundant, dirty-brown, glistening growth.,

Indo! not forined,

Nitrales not redieed.

Blarch not hydrolyaed.

Acid from dextrose and glyeering no fermentadlion of sucrose, lactose, dextrose,
glyeerin, nor mannitol.

Acrobie, slighily facultative.

No capsules; no spores.

Optimum temperature, 25° C.; mininutm, 2°; maximum, 37°; thermal death
point about 60°,

The size of Lthe organism varied with enltural conditions.  On beef agar 24-liour
cnitures the measurcments were 0.6 to L hy 1.0p to 2,64 (fig. 14, A).

Tdentified as Psrudomonas oralis (Ravencl} ‘Chester,

The organism has o soil habitnt, but it has heen found in the intesiinal eanal.
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Frovie [h—Nactoria from 2 our coliures on beef ugar, 3 100, o1, BacterIn from Vieeinin beans, identi-
fieel ns Fgewndnmanas arnfiss {3, buelecin eam { ‘lifuruin E!an, 1rnhuhl; sleramabacter coudunatnm,
Loeterin from Flacieda eans, rosuuhllu" 1. fipstpticast bul prabubly noet identeal.

The baeterial eultures of Calil. 2 have been found to have the follow-
ing charaeteristics:

Small, slender rods, actively motile, with one or {wo polar dagelln; Gram-
negative,

Cielatin stab: Crateriform, becoming stratiform.

Beef agar: Abundant, gray, glislening growth,

Broih: Clondy, frinble pelticle, siight finccvient sediment.

Tatinus mill: Coagnlated; whey extruded, slightly aeid.
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Milk agar plale: Comnpact, thick colony surrounded hy a eleared zone half ns
wide as the colony.

Potato: Abundan{, spreading, yellowish, glistening growth.

Nitrotes not reduced.

Starch hydroiyzed.

No acid from dextrose, luetose, sucrose, stareh, mannitaol, nor glyveerin,

Strong produetion of hydrogen sulphide,

Acrobic, Tacultative,

No eapsules; no spores. _ )

Optimum temperature, 237 {o 30° Co0 minimum, 270 maximum, 37%; thermad
death point about 56°.

Un 24-hour beef apar enltores the rods measured 0060 1o 000z by 10g {0 2.4y,
(fie. 14, B),

Probable identity: Achromobucter coadunatum (Wrighn Bergey of al.

The bacterial cultures of Fla. 2 have been Tound to hiave the folow-
ing characteristics:

mmiall, short rods, motile, wiflh peritrichous lagells; Gra-negative,

{Felatin stab: Crateriform, bBeeoming straliform.,

Beel agar: Cirenlar, smootl, translueent, spreacdiog, very slimy.

Broth: Heavy t:‘lnudmLr friahite pellicte, ;..mnlﬂ.u sediment, solution slimy.

Litmus mitk: Coagulated, extroded whey, alkaline.

Ailk asar plate; Growih spreadime over plate, digesting wilk abead of B unfil
whole plate is eleared.

Puatate: Seant, dry, dirty-brown growilh.

Nitrates redoeed to nilrites.

Hturch hydrolyaed.

Arid frow dextrose, stareh, mannitol, and wlyeering but not frouw iactose; no
fermentaiion of sucrose, Inetose, dextrose, glyeerin, nor mannitoi.

Acrobie, faeulfalive.

No spores; no capsules. _

Oplintum femperatuee, 337 Ol minumum between 3% and 107 wmaximum, 429
thermal death point about 48°,

(n 24-hour beef agar cultures the rods measured 0.6 {0 1.04 by 0.80 by 3.6,

Idendification  not  accomplished.  Resembeles Achromobacter  lipolyticum
tHussy Bergey of al, hut probably not the same crganis (fig. 34, ().

CLADOSPORIUM CAUSING SPOTTING

Isolations from the spots on differont varieties ofiima heans and from
Jima beans eoriginating in Plovida, Cuba, California, Georgin, and
Virginia gave cultures of Cladosparoon in all cases. 1o marked con-
Lrast with the organisms causing stickiness, all of the cultures ap-
peared to be identieal, or so closely related that it wus impossible to
place them in separate species.  Aldter holding the shellod beans for 4
to 6 doys at 50° I, or above, Rhizopus, Prmu{c’mm and FPuserium
were occasionally found hut without any relution to the spotting pre-
viously described.

On string bean dextrose and Thaxter’s agar well established colonies
of the (Tedosparinm have a white horder and a dark greenish olive (7)
center that has a velvely appearance, duo to the abundant production
of conicia. At first the hyphae (fig. 15, <) are hyaline, moderately
branched and septate, but with age they become olivaceous and in-
tricately hranched, and the cells f-‘,\\'ollen and closely septate. The
aerial hyphae are usually 3u to 4p in diameter, whereas those in tle
substratum may have a diameter as great as Tu.

On lima beans and on most nutrient material only the Hormoden-
dron type of spore production was cohserved (fig. 15, B, €, and IJ).
The spore clusters are dense and correspond to those described by
Robak (8) ns arborshaped. The conidiophores are first hyaline,
then golden olivaceocus. They are septate, unbranched, erect or nearly
so, snd may arise singly from individual byphae or in tufts from a
mass of nodular-celled hyphae,
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(mne or more basa. conidia arise from the apex of the conidiophore
by a process of budding {fig. 15). These basal conidia are usually
larger than the others and some regard them ns a port of the conidio-
phore, but they shatter as freely as the others of the conidial chain
and germinate readily to form new growth. Other conidia develop
from these basal conidia by a process of budding and these in turn de-
velop other comdia. Two frequently arise simultanecously from the
same plane, giving the spore cluster the general appearance of dichoto-
mous growth (hg:. 15. 1), The most active budding oceurs from the
terminal conidia, but budding may alzo contlune at various points on
the conidial chains, adding to the complexity of the spore cluster,

At first the conidia are nearly hyvaline but later become dark golden.
On string bean dextrose agar the baszal couddia amd the first two or
three thut arize from them are exvlindrical,  Procecding out the eliain
the spore forms shily to oblong-ellip=oid, spindle, ellipsoid, and sub-
round.  The basal conidia are
2a to 224 by 3 to dx and
often once or twice septaie.
The conidia other than the
basal ave fg to Sp by 4u o 5u
add rarely onee septate.

On water agar, under other-
wise favorable conditions. the
spure sizes are similar to the
above but with a zlight lower-
tng of the minimum measure-
huits,

When water agar cultures
are hekd av & temiperature
above the opthrum or when
the medium undereoes consid-
crable dvving alter the estab-
fislhunent of the fungus, a differ-
ent type of spore production
aceurs. The conidiophores
are septate, of a golden color,
and either simple or branched.
The conidia are golden in color, often onee septate, and measure Ty
to 12u by 5 to Sp (g, 160,

The above descriptions are in sufficiont agreement with thaose re-
ported by Bennett ({1, Robuak (M), and others to justify the clas<ifica-
tion of the fungus as Cladosporion herbarum (Pers.) Link.

The isolution of the fungus {r om beans grown in such widely sepa-
rated poi~ts as Caltfornia, Flortda, Cuba, (l[‘{)!"’id and Virginia is in
agreement with the fact that the iunﬂ'u». Cladosporinm is known to
have a wide and general distribution.

No evidence of parasitiam on beans in the field has been Jound,
but the fungus was found in abundanee on dead and dying bean pods
at the Arlington Experiment Farm, Arlington, Va.

Fonerny 1700 ¢ Yoo perin e st mate bt dettros amae L,
Vit forti- of thveeliatg 8, ¢ ant Foovarly st
o ind preedoetion. x40,

DISCUSSION

Tlhe above experithents seem 10 leave no doubl as to the nature and
cause of atickiness and spotting of fresh groen limw beans.  They show
that stickiness is due to bacterin and the spotting to a fungus.  The
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causal organisms are types oecurring in the soil ox on decaying vege-
iable matter. They are carried on the pods and are spread to the
beans in the process of shelling,  Prool of this is found in the fact that
stickiness and spotiing nre not problems with unshelled beans, and
that disinfecting treatwents of the pods belore shelling prevent the
development ol the troubles an the beans after shelling.

Four different methods of contral have been found: Holdimg the
shalled beans at low temperature; exposing them to carbon dioxide us
a supploment to refrigeration; disinfecting the beans: and disinfecting
the pods before shelling.

OF these niethods low temperature has the most points in its faver,
at Jeast (rom the standpoint of muaintaining a high-grade produet,
Shelled green lima beans sustain a rapid loss i sweetness, Treshness,
andd quality when held at high temperatures. as recently shown by
Carelus (4). 1t Is impertant, therefore, apart [rom control of sticki-
ness and spotiing, that the beans be beld ot as low a lemperature as
practicable,  The present experiments indieafe that a temperature
of 40° 1o 412 I should give 6 to 7 davs Tor shipping and marketing
withoul the development of spotting and with little or no develop-
mepi ol stickiness, A
temperature of 32°
doubles this period of
safety.

Whereit isimpossible
to secure prompl and
satisfaetory  relnigera-
tion, the supplementary
use of solid carbon di-
oxide offers o practieal
means of contral,  The
presence In the storage
atmosphere of 25 per-
cont or more ol carbon
dioxide delayed the de-

\'(‘I()])I]I(‘Ilt ol Sfl(‘lilll(‘:—‘r‘- B ik I—Abmortoal growth of Ciedoepeciem e to deyiog of
as mueh and the devel- seddinm, woter agar. L1, % a0 B, X 2.
apmentolspotting nore

than a drop in temperature of 18° F. Such_ aceumulations of gas ean
he seetred more readily and much more yuickly than the equivalent
drop in temperature, especially in the case of cooling from temper-
atures of 502 or 60° 1o temperatures 15° lower,  Temperatures of 40°
and lower are Jifficult to secure under commerelal shipping conditions,
The enrbon dioxide trentments have been found to have s favorable
effeet upm quality simitar to that obtained by refvigeration, and ship-
ping tests bave shown that initial carbon dioxide treatments can be
readily adapted toeither pony-refrigerator orreligerstor-car canditions.

Exposure 1o Jow temperature or 1o earbon diexide delaxs the de-
velopment of the bacterin gnd funegi but does not destroy ther,
Washing the beans in a solution of ethyl aleehol and washing the pods
in o solutign of ¢hlorinated lime hove been lound to be satisfactory
disinfeeting treatments for the removal ol the causal organisms and
may well have a commercial value even when refrigeration s to be
employed later.
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SUMMARY

The spotting that develops on shelied ereen lima beans has been
found to be caused by a fungus and the stickiness by bucteria. both
of which are spread to the beans in the process of shelling.

Lowering the humidity of the storage atmosphere ca used a decrease
in both stickiness and spotting but did not give satisiactory control,

Temperature studies were made on stickiness and spotting and on
the causal orgunisms. A temperature of 50° ¥. did not always hold
the troubles n check for & pertod of 4 days, but a temperature of 41°
held them 1n check for 8 o 7 days or lmwel, and o temperature of

3%° for 10 to 14 davs,

Holding the beans in an atmosphere containing 25 percent or more
of carbon hoxide had an inhibiting cflect upon the development of
stickiness equivalent to that of an 18° I drop in temperature and a
stitl greater ellectin the control of spotting with noe unfavorable effect
upoen flavor.

Washing the beans in a 30-percent solution of ethyl alcohol or
washing the +ods in 8 4-pereent solution of chiorinated lime gave com-
plete control of spoiting and good commereial control of stickiness.

A considernble variety of bacterial organtsins were solabed Trom
the beans and found (‘.1;)‘1!;10 of pr nd'i(‘mﬂ stickiness,  Three of the
most active of these were Pseudomonas oealix, from Virginig beans: un
organism with the probable identity of Achronmobactcr epadunainm
from Culifornin beans: and an oreanism resembling clekromobacter
Upelyficwm from Florida beans,

The fungus cnusing spotting wos identified as Cludosporiend her-
berraem,
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