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1.'KITED STATES DEP,\RT:-1EKT OF :\GRlq.."'LTnm 
WASHIXGTO);, D. C. 

STICKINESS AND SPOTTING OF SHELLED 
GREEN LINfA BEANS 1 

By CHAU1,E~ BHOOKI-', principal jJalho[ogi ..,I, nnd L. :\IcCoL[.ocn, principal sc-illdijic 
nit/I, Dit'isio1l of Fri./{ {f"eI )-"gcia/)It- Crop" (wd Di,'caNrs, Bllrcof/ of Plaut 
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COXTEXTS 

Pat-re 
[ntrntlurtion ____ . __ _ 1 E1Tpc.'t o(PXPO:-;UTP to (·ad on dfo"\":jII(1- on fl.nor an 1 

-'[ate-rials nnrlln(lthmh 1 quality______ _ 
 14
holaUnn$. Rnd inoeul;\tion~ 'J f:tfert ofdblnf(l('tm;! wd.,...h(>~. __ H 

BaC'lt"'rb .J Fhplled-lJeuu treatnu"lm ... 
Fuo;ri Pod treat1Ill\nt~ 

EIToN (1[ hUIIlitlity ,, C.l.Ustl or::!:lni~ru~ 

E1Ie{'t of tenlperattlrt~ on ~ti<'klDt~~ .... HaNE'rm ('ausio~ st It'ktnp.:-;....:. 

f:ITe~t of ternpHan.re Ull 'I'Clttinl' ... Clacio..l(porillnt ("J.u:-in~ ~Jlottin~ 
EtIe-ct of ~xp()~ur(l" if, (,:lrhon rlio\idfl em:--1 whtllP....... nj:o:('u~si()n_ _ ___ ~ ____ _ 


an,l ,pollio~, ~j t t:l~I~Illta~~-l:lt~fi~ ~ ~ - ~ ~ .. ~~=~ _~: 

INTRODFCTION 

Fresb limn heans d('Y<'loll two rhal'l\{'tel'i"tir lllld st'l'iou,; ;;rou bl!;'s 
Whpll lwld or sliip[wd nftpf being ;:;llPlkd. One of these is [l slimy, 
stick,- condition of the surfnc(', which CtlUSpS tbp bt'lln;:; to ,;tick to tIle 
fill~e['s wl\(,ll tOllrlH'd; thp otl\pl' is tl supt'dicilll spotting. 

The spots fire usually smull, 1 to :3 mm in diumetel" with II I'll ther 
indpfinitt' margin (fig. 11. TIH"- HI'C' u;;unlh- brown, btl t if the bellns 
are held lUHlrr'very llumid ('oncl[tiol\s till' coLor nUlY bp('otllP oliynceo\ls. 
In the ellrh- stngoes of thr trouble onl\- tllf: testa is 'nft'pcted. but inluter 
stllgl'S Iml\\ll spots on th(' (,olylC'(lon~ are evident upon the remonll of 
the testa. 

:\Iany inquirirs h!lYP hppl\ 1'e('01 \-ed by thl' rnitNI Stlltt'R Department 
of Agriculture in regun[ to tllP n hoy(' troll blrs, e"p('ciall~- stickiness, 
und the following rxp('rinH'llts \I pn' llndertnkt'n to determine the 
'Tllltlll'P of the disells(>s und to mert the drmand for a l'pmetiy. 

MATERIALS AND METHODS 

Except where otherwise stated the bpHns used in tllr present experi
ments were grown at ,A.rlingtoll Experiment Ftll'lll, Arlington, Yn., and 
were freshJy picked, The bl'ans frolll Florida, CUbll, und California 
were purchused in the pod on the 'Ynshington, D. C., mfil'ket. 

t Submitted for publication June 2, 1937. 
, £t\rlierunreporte<l smdieson the present problem were mude by R. C. Wrigbt and 1'. "r. Whiteman, of 

the Dh·;sion of 7ruit and Ve!!etable Crops aod D)sellSes, who found that the twO diseases coufd be largely 
controlled by truatin<: the shelled beans with differeut concentrations of ethyl alcohol. 

fJS!J83'-38--1 
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Freshly shelled beans were used ill all experiments. Unless other
wise stated the bemls were stored in fruit jars. The jars were closed 
with the usual tops hut with strips of cardboard belleath the tops so 
as to [lUOW R slight cxdmngc of Rit'. 

The flmgus inoculations were made by immersing the berlIls in tL sus
pension of tbe spores in sterile water. In the bacterial inoculations 
24-hour beef-broth cultures were diluted 1 to In "'>'ith sterile water, 
and the beans llulllersrd in the sol ution. The con t{'ollots of beans were 
imme' ~ecl in sterilr \mtrr or in similarly dilu trd sterile broth. The 
beans were aUowpd to dry before storing. 

.,,IItI.n . ··1 
.~ ~ 

Fwnlf: l.-~pottin~ of Ul'ndr 'Son nU,:,h lima bt';U1S a..<{ ufTt'clt,'d bJ.~ CXpuSUf(' to carbon l1io~Id··. Til{' "'(Inns 
Wl'fll J)irkt'd ~I'pt,lrnrn'r :?'i. U;H: ~L. 500 .F'. stu.rnup; JJ, ('ortroJ refrigl>rator, with tNIlJlf'rtHttrl\ drOllping
front all Initial 7;0 to a fnLll nUfl avprmting 4~';'; C. r('rri~t.'mtor, with lempt.\r~llllre rlr()ppin~ froul 1St)n a 

to ·lj'~. nn'mJ!in~ .~~P. nwi WI h (-'arhon dio\:idll dropping- (rOlr.. 31 per('('nt to 15 prrcl'nt nnd n\'(lra~iDg 24 
Jit'f('Plll'; lJ, n"(rt~t·rntrJr. with tc'mppnltart· drnppill:! frOlli 7.50' to .13°, tl\"pra~lnc: :;o~.. ami with tarhotl diox-~ 
Hip druppimr from .:"jl !lpn'put tl ;I.... p('r('f'nt. .In'raglllj! 41Ill,lfc.:ent. Photogruph...·d nfLp(:.! days unuer cxpcri ... 
meotal ('ouditions; ~UhSt'q1JPIH ..lOr~l~t' or 1 day:, at ·l'J" auti 1 un)" nl 7/)::#. 

In d('tprlllining the 1'(':-,u1t;; of thr Yllriou;; tl'(,lltmrnis the degree of 
stickilH'SS \\'t1S e;;timatrd by the l'xtrnt. to wllich the Iwnmi woufd stick 
to thp fiJlf!(')'s :Jlld hy th(~ jnlTing J'('quil'ed to dislodge th('I1l. As tL 
l1lrllnS of ('omparing til(' dill'prl'llt.lots. th(' stiekin('ss wml mtl'd ns per
(,Pllt, with 1()() US tIl(' \\'Ol'st ('ollditio/l j)ossibI('. 

TIl(' pf\'l'rt of thr YllriollS tn'atnH'llt~ upon spotting \\'11R dPiprmincd 
Oil tiJp bnsis of ill(' it \-('l'ng(' 1I11111h('1' of spots jl<'l' Ill'Ut!. TlJis number 
\\"n~ Ill'l'i\('d lit by pstiuwtioll, with o(,(,tlsioIJllI COllnt,: as a chcck on the 
Ul'l'unH".\" of til(' \'stimutl'. 

ISOLATIOXS AND INOCULATIOlIIS 

IlACTEIUA 

Cultures from tIll' stir!":" surfilcP,; of shrlled limn beans from Cllli
lO1'llin, Yil'ginia, llml FIOl'i~ln guye llt! ahundant dl'ydopuwut or bnc
t('ria. Pure cultul'rs \\'('{'(' ohtailled of OJ(' organisllls thut w('r(' prL'sent 
in gl'patpst lllltllllPl's n lid t1l(·sp Wf'l'l' (p~tl'd b,'" inoculations on 0 dlCr 
shdlNI bruns. TI1l' r(,~ldt" of thes(' inocullltions tne :-,howll in bl.ble L 
The' c-ultures Wt'I'(' lHUI1NI Hc('ol'clillg to the plae(' of origin of the belll.ls. 

http:belll.ls
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In a, few instances the beans inoculated with bacteria cleveloped 
more spots than the controls and in others the reverse condition held, 
but in general there WfiS 110 indica,tion th::tt the bacteria had ::tnyeffect 
upon spor.ting. 

On the other hand, with the exception of one of the fom cultures 
from Florida beans and tlu'ee of the nine cultures from Yirginia beans, 
the bacterial inoculiLtions en used a decided increase in stickiness. This 
increase was 40 to 100 percent with beans that had received no previous 
disinfoeting treatment and 150 to 1,000 percent with benns that had 
been disinfected with nlcohol prior to inoculation. 

There wns little contrast in t,he results obtaIned with bacteria from 
Califol'nia., Florida" or Yiq:6nifi benns, indicnting t.hat orgmrisms 
cnpa ble of J)l'od ucing stickiness hu n\ n, wide distribution. Cu.lif. 2, 
FIn. 2, and Vn. 9 were tlm'e of the particulnrly neth-e orgn.nisms and 
w('/,e selected for use ill J1l0,.;j of the physiologicu1 and control 
experiments. 

FUNGI 

"llE'n spotted helms w(\re ('xn mU.lC'd under t,j](\ microscope, mycelium 
was plnully cyi.den t. Isoln tions from the nJl'ectC'cl tissue uniformly 
gave cui turps of CladoR]Jol'i11ln. The results of inocubtions with 
tlli8 fungus nrc shown in tuble 1. 

In t,,:o of the Clados]Jol'i-um inoculations stickiness was decidedly 
decrenst~cl nncl in the ot her two it wus increnscd. In thpse and other 
e:-q)('riments there was some indica Lion t.hn tan /I bundant. CladosjJori7(1n 
growth tendell. to decreasf' stickillt'SS, possil?ly becnuse of decrensing 
the SmftH'e mOlstme ayu.ilnble for the hnC'terw.. 

The effect of the C'ladllspol'illln inoculations upon tho occtu'l'once of 
spotting was most pronounced. In 0110 test t,he illoculfl tion increased 
the nne'rage numher of spots per belln from 5 to 75 and in the three 
other tests from ZPl'O to 50, 70, :llld 80, The originnl Cladosporium 
was reisolnted l'efldily from the inocul:lt('cl hmms. The J'('sults seem 
to le1\\'e no doubt fis to the part plny('(l b~~ Cladosjiorium in the 
production of limn. he:m spotting. 

EFFECT ""F Hl'MIDITY 

Expcrimcnts W('I'C' UIHlel'ttl ken to detC'I'mine the ('(fcct of hlllnidi t,\~ 
under stornge conditions. The ]'('s1l1 ts shown in figure 2 gh-e COll·· 

clusiyc. ('yidcnce tllnt. hoth spotting and stickiness wt're lrighly l'e
"poJlsi\'o to moistul'(\ conditions. A eh'op in t.he rcln tin~ humidity 
of the stornge ntmospl!el"e from 96 to 73 p(,J'cent resulted in n decrease 
ill stickiness runging from 50 to 73 ])(,1'('('nt, find a decl'(,llse in the 
number of spots o[ 00 to R4 PCl'('('nt. Likewisc, t1 drop in humidity 
from 96 to SR pereent gnyc n d<.'C1'0;lS(, of ] ~ to 37 pc]"c('nt ill stick
iness and of 30 to 40 1)crccnt in Humber of spots. 

The benns becnme budly shl'i,-eled WhCll held. ill an :limosphel'e 
showing 73 pcrcent; reInti\-e humidity, 

In the morc hurnid n tmosphel'es the spots \\-('rc olinlCcous in ('0101'; 
ullder drier conditioll<; they wt're brown, 
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FIGI'UE 2.-EITcrt of hUlIlidity upon the dr\'eloJllll,'nL of stickin('~s IIlId spottill!( of 811('1I('ti grl'l'1I lill1ll Iwans. 
All lots were storrl1 nt 50° F. ill open containers in Inr~lt lllPtnl hoxes. f}'hr high·, medhull-, nnd low-hu
midity bOXllS hatl r~lati\'(' humidities of npproxinwll'ly on, 88, nnd 78 pl1rc(>nt, reslwcti\·dy. A, King of 
the Gardeu liUln twans, Sl'ptetu1wr ll, lOan; inoculnll'(L with Cludosporill11l-; [('('ord after 5 days' storng:.p. 
B, Kin!! of t1w Gnr<iPI1 limn beans SpptemiJer li, Wa5; WHslwtl in aO-pcrcpnt al(,ohol L rninute, rinsl'd in 
waH'r, tlwn ino(-'ulntNI with bnetrrilltll Fin. 2; r('cord nfwr 5 <In~ps' storng-e. C, F'ordhook lima heans. 
~(lptl'mbcr 2;.\, ]Uan; washl'>(\ in :m·ppref'llt alcohol 1 lninUll', rinsl'>(l in wIltt1r, Uwn inoculated with Clado
sporillm; rr('ord ufH'r i du:rs' storngl~. D, Fordhook limn· heaus, S(lptemh(\r 23, Waf); wushrd in a(}-pl'f{'('nt
nlcohol Iminute, rinsed in water, nnd inoculated with bnctcriulll Fin. 2; record ufter 7 dnys' SLOrug'l'. 

EFFECT OF TEMPERATURE ON S'l'ICKINESS 

The effect of temperature upon thf) (levelopment of stickiness is 
shown in figmes 3 to 71 inelusiye. The beans were neith0r washed 
nor disinfected, and, with the exception of those reported in figure 3, 
they were not inocuh\ted. The den'iopment at 77° F. W~lS more 
l'!tpicl thu,n at 68°, but fit either of these tempemt1ll'es uninoculated 
Forclhook und King of the Garden beans had become quite sticky 
by the end of 2 da,ys, u,lld Henderson Bush :md Droer Bush lima beans 
by the end of 4 days (figs. 4-7). The den'iopment n,t 59° wns 24 to 
36 hours Ia tet· tlu1,ll that at 68°, the deyelopment n t ,150° usually more 
Hum 2 da~'s lItter than at 59°, ancl that at 41° more than 4 clays In ter 
than u,t 50°. At 41 ° the benns usualb.- remnined practicallv free from 
stickiness for 1 week or more, and at '32° for 2 weeks. Tlle dewlop
ment at 68° was mmally two to two and one-half times as rapid as 
nt 50°. 

The development of stickiness on inoculated beans was more mpi(l 
than on the uninocuIated ones (fig. 3), but there wns the same general 
tempemtme response. The results reporteel in figme 3 would indicate 
that there was 110 significant diffprenee in the temporn,ture response of 
bacteria from clifl."erent section.; of the country, but the beans of thi" 
experiment were not disiniel'i,i3d prior to inoculMion, and therefore 
carried their chance supply (If ht1,("\teria us well as those n.dded bv inocu
lation. . 

The effect of tempemt'll" on the growth I'n.te of baeteriulll Flu. 2 
in Petri pIa,te cultures !., :"Iwn in figure 8. At the end of 4 days the 
average diameter of th, ' ulonies at 77°, 68°, 59°, and 50° F. was 16. 
12.5, 5.2, and 3.5 111m, respeetively, whereas 110 growth was evident 
at 41° at thn,t time or 2 days later. At the, end of 11 dttys the a.verage 
diameter of the colonies at 59°,50°, and 41 ° was 11.1, 7.5, anel3.0 mm, 
respectivelYl but 110 growth was evident nt 32°. 



Fl<il"RE ;I.-Inocula lion lind t~lllperatur~ sludie~ ou the pruduction ()f~dckiU('"" ofshl'lIec! Floridll ForJbook 
1 mn h(l,.ln~. A, ..\.t tlw (Im1 of -1 day:.;; B, ill the cnd of b dny'S; ami C, tit tilt· pud of 1,1 clays. 
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PlantE -I.-EtIect of tCIlljJl!ralure 00 thl' dCVl'lopm(,lll of stickiness and spotting of King of the Gardcn limn 
beans, pirkpti S\)lltrmbcr 11, 1035. 
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The aboye experiments indica,te the grcn,t ,-n,luc of low tempcrature 
in preventing the developm(1nt of gtirkinN;g. It is n-itient that tem
peratures of~500 F. 01' hi~her CIUlI10t be relieclll]Joll to hold stirl\:iness 
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FH.!"RK ti.-i':ltp('t uf lpmlll'wturp upon llw dp\"p(oprnrnt of stl{'kllH'~~ and slJOlliog- of Drppr Hush limn 
hl'tUlS. pi<'kt'd O('tolwr ;;, Wa;i. Thp lH'uns WPrt' $ton'(l in llnpPf bng~. 

il~ eheel\: Oyer :lily considentbl(, lwriod, wlH'rrns a telllpertl,ture of -n 0 

glVl'S complete ('ontrol for n, pNiod of ut,o X dn,ys nne! n. tempernture of 
320 compll'te ('ollt.rol for 10 to 14: dILYS. 
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EFFECT OF TEMPERATURE ON SPOTTING 

The efrect of temperature upon the developmen t of spottiocr is 
shown in figures 4 to 7, inclusivp, nnd its pfl'PC't upon the growth ~tlte 
of Clar/o8pori1l1i1 is shown in figure g. 
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lwan~, pH'kpd Ortllil('r:i, lHat), 
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FHiCfU; "I.-Tt·I11ppwtun'·gnnnh Cllr\'P~ for hnrl.f'rium FIn. 2. :\$ shown in tiw dianwtcr of tlw t'olonip'o!. 
Cirowth on h(·p[ aJ,!ur of pll I, 

,:ritl! the in("rcase in klllpemturp from ;)0° to m-:;o F., the rn;te of 
growth and tiL(' denlopnll'llt of spotting bpI'ame t.,-o to two nnd Olle
half times as rnpid; :li)O\'(1 uKo tl10 il1cl"{,:t:;(' in spotting wn,~ aot so rapid, 
and 011 Tlut)..i;('r's ngar the flll1g"US grew but little better ttL 'i(0 than nt 
59°; bl'low 50° th(' cley('lopllH'llt of Hpotting wa:; gwutl)" delayed. Th~ 
('ontrust hetw('ell 41 ° and BOO wns lll':ldy u:; grru t u:; that brtwe('n 50 
:L11([ OHo, H,nd at 32° the gro,,"th of th(' i"llllglis was allllost completely
inhibit{'cl. 
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EFFECT OF EXPOSURE TO CARBON DIOXIDE ON STICKI:'\ESS AND 

SPOTTING 

E).."}1Pl'u)1('nts wpr'~ cnrrip(I Ollt t,o (lpt;prlllinp t.he pfTp('t of (')..l)OSlll'P 
t,o cnrbol1 (lioxidp upon the' dp\'('loPlllPllt, of stlrkillPss n11(l spotting. 
III the ('xl)(,l'iJllPnts ],ppol'k(l ill figll],ps :I () nlH1 11 tho bpp,lls Wf'J'8 h('1d 
at cOllstant tpl1lpprntuJ'('s B,lId ill ntmosph('J'('s h'pt undol'JJI h)' con
tinuous l'PllPwnl. Al)prox11l1ntl'l)' six {'\langp:=; of nil' wPl'e mndp ('Hell 
:2~ hours. SOIlI(' of the \)('uns W('J'P ]wl<1 ill uJ,IllOSp]WI'PS cOlltn 11lll1g 

3;) ]W[,C(lllt of c:ll'boll dioxidC', nnd ot.hpl's at tll(' :=;llllW tplllpprntuJ'P ill 
air HUlt was pl'lH'ti('ally fl'N' frolH t'tll'bOll dioxidl'. Tho at.JllOSphl'J'('S 
WPt'(\ pr('[llll'l'd hy Jllixillg ('n 1'1>011 dioxidp with nif' h~' lrlC'ans of IIo\\,
lllPtl'I'S. 

Otlwr curbon dioxid(' n:lwrilll('nts Wt'J'1' Jlltl(jp in pon~' l'pfl'igl'l'lltOl''; 
us d('s('rilwd in :111 l'1ll'ii('J' ]luhlien.t.ioll (..I I.;; 1'11(> 1l1Odifi!'d n.tJJlosphl'l'l's 
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Flfjt·RE rl.--Tl'mppntlUft'"'!!Towth ('urn's for (·1(1I1f).~l1orilLllt. from s:pnttl'd limn lwtln:'<. (irClwth lin T!l'1\ll'r'~ 
a!!UT. 

\\'('1'(' ohtninpd h~- ~Uppl(,JIIPlltillg t.lH' ordinary icing wit,h tIl!' addition 
of [~ smlLll qU:llltit,), or solid cnrhon dioxidC'. T1w t(,JlJIWl'ntuJ'(' nlld 
enrhon dioxide ('OIH1itiollS of s\leh nn (;')..lWl'inH'llt fire shown in figure 
1:Z, t1lld til(' !'(}'('d,; of tlie tI'0at.nl<'nts upon st.ickinpss HII(l spottillp;nn' 
J'l'l)Ol,t,p(1 jJl figtll'p l:t 'The (')..T~ rU1l01l ilL1 con clitions \\'l'1'0 ('on t illu('d 
for 51 hours, t.h(>ll Illllot.s \\'('1'0, llIowd to moist dHlJllhrrs nt. 50 0 F. 

'Tll(' tl'('ntll)('l1ts lOI' lot (I W(,1'0 sill1iln1' to those fOl' -,1 tlnd. n. Th!' 
t('Jll}wratuJ'('s in th0 t:hl'pe rdrigl'l'ntoJ's wPJ'e prllcticully idpnticnl :ll)(l 
lIY('mg:ed 1I,PPl'O)"'lmntl'ly 4RO F. The maximnm ('arbon dioxid(' in 
C, ;), was fiG, the minimulll [)4, llnd the 11 \"(;,I'ilge GO ])('1'('ellt. 'I'h(' 
cHJ'hon (\ioxi(lt, in r, 4, nmgetl fl'OJl) a, high of an percP11t to n, low of Hi, 
nnd a \-('I'tlg('d :Zii. Afkl' ~ days under' the (').."}1el'un('ntal conditions 
nIl lots w(,J'e moy('d to JllOlst e1UllllbC'J's t1t 50°, 

Th0 dE'\'elopment of stiekin0ss on the bealls hdd. in ('urbon dioxide 
ilt a pal'ticulnr trmpcl'l1 tuJ'(' was npproxunatE'ly the same as that Oil tlt(' 
controls held fit u, tempPI'n.tuJ'c 18° ]owe1' (figs. ] 0 nllt! 11). For 
inst:ll1CE', the rt'sult:=; fit 77° I~, with curbon dioxide WPI'P similnl' to 
those ut 50° without cn.J'boll dioxide, n,ml those at ;,)0° with carbon 
dioxide were Rimilur to thoso at :3:20 '\'lthont ('urbon dioxide. 

3llaliC' nllntll(lrs ill pnrellthese~ refl\r to j.liternturc Cited, 1). 24. 

5R9S3"-!38--:! 
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III the ponY-l'drig'('l'utOl' e:\.l)rlill1(;'llts, as shO\m in figure 13, A find B, 
e:\.1)(,SU1'0 of the beHlls to 25 Pt'l'(,Pllt 01' JllOl'e of ('arhon dioxide reslllt.ecl 
in a clpl:lT ill the dc'wlopllH'nt of stickiness that was dericlecUy lOllarr 
than tbe 'poriod of tren,tmout, whereas in 0 the clc,lay was not so l~lg
as the period of trt'tLt11lellt. The results would imucttte that the 
bttcterin. t.hat produco stid:iness were g-refltly inlribitell by the carbon 
c1ioxil1c tn'utlllPlltS. 'l\n'nty-fiTo porcc"nt of eurbon dioxide gm"o 
Heurly as grC':1t inhihition as 50 Ol' (\0 vel'('('nt. 
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OCT. 17 OCT, IS OCT. 19 
FI"l IH~ 12.-C'arbon dioxid(\ nnd trrnpprnlurp ('urn's in nIl (')..JlPrinwllt with "\Yood Proliflr nnd X('w rllilu

dl'1phiu limn lIpun:;, pi('kl'{j O('tohpl" 17 to IU. Hl:{·1. i{(·r II ('ol1tl'ol I'pfrif,tt'rUlor; I"('f. 2 and rpf. 3, ('arbon 
tli(l\[fh., us shown in ttl(' tlppt'r pttrt or tlw {ig-lln'. (TIlt' tlwrmn!!.raph itt n'L ~\ fnill'ti to t('('ord. hut th£>
h'llllll'rlltlll'l' ('ilIlClitions s.Jould han' hl'Prl similar tOlhoH' in tht· (,fl1l'f two J'l'frigprntnrs.} 

]11 th(,s(' (':\.l)eJ'illwnts ]'('COl'dS ,\"('1'0 ,kept, Oil spottillg ns well ns 011 
stiekill(·c;s (figs. )(), 11, lUlcl1B), and it wus fonnd thut curbon eli.oxide 
lwd n gl'ent,e]' inhihit;illg pJlOc'~et lIpon spotting than upon the stiekmrss. 
III all i,he tests ]'('porJ;e<J in figul'PS 10 and 11 the inhibition from e:-"1)0-
SUI'O t.o eHrhon dioxide. was ns gn'nt ns t.hnt rrslliting from an 18° drop 
in iL'JllP('l'tlt.Ul'e ill1cl in JllallY eases equnl to i.lltl t of lL :2/0 drop. 
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. In the pony-refrigerator experiments reported in figure 13, A and 
B, the period of delay resulting from the carbon dioxide treatment 
was two to three times as great as the period of treatment; in those 
reported in C the delay was fully as great as the period of treatment. 
These results indicate thD.t carbon dioxide not ollly lUay completely 
mhibit spotting but also produce conditions unfavorable for its later 
devel<?p~c1?-t: Twenty-~ve percent of carbon dioxide gave :nearly as 
grea t llllubItlOn of spottmg as 50- or GO-percent conccntrpjions. 

Three earlier carbon dioxide experiments were made w-ith conditions 
und results similar to those reported in figmes 12 and 1,'3, but the rec
ords were not taken in a form that could be tabulated. However, the 
yery effective control of spotting in one of these tests is shown in 
figure 1. 

EFFECT OF EXPOSURE TO CARBON DIOXIDE ON FLAVOR AND QUALITY 

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

x·"liller and Dowd (5) found that carbon dioxide had a favorable 
efreet upon the rctention of sugar in lima beans. Beans held at 77° F. 
in an atmosphere containing 42 percent of carbon dim..ide retained 
their sugar almost as well as control lots at 59°. At lower tempera
tures the effect of the carbon dio:ll.-ide was less pronounced. 

EFFECT OF DISINFECTING WASHES 

Various disinfecting washes were tested in a study of possible 
methods of control and as a means of obtaining further information 
as to the natme of the two diseases. If the inoculation experiments 
pre\'iously reported (p. 3) were 110t sufficiently convincing, the re
fmlts of the disinfecting tests leave no doubt as to their infectious 
nature. 

The records on spotting and stickiness were taken as previously 
described (p. 2). The record on injury was taken as percent. mere 
the inj ury is reported as less than 5 perceIl t it was usually in the nature 
of u. slight blenching of the beans. VVtlere it is reported as 5 percent 
or morc there was l1sunlly a. browning of the testa. or other rather con
spicuous inj ury. The least ll1a ture beans werc most susceptible to 
inj UJy. All of the tl'elltmen ts WNC gh'en a t room tem perature. 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 beans are 
reported in table 2. In threc of the tests olle control lot of shelled 
beans was washed in tap water nncI another left without washing. 
The wnshing hncllittlc if any inhibiting eHect upon the development 
of stickiness hu t caused a decided red uction in spotting. 

The only disinfecting treatment found that showed promise of 
being commercially practicable was that with ethyl nlcohol (non
denatured). The usual procedurc was to immerse the beans in a 30
percent alcohol solution for 1 minute, th.en remove t~l~m am! allC!w 
several minutes' free exposure before storll1g. In ad(htlOn to Its clIS
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infecting properties the rapid eyuporation of thr nlcohol greatly 
facilitated the drying of the benns. 

In all of the 12 tests, the alcohol treatment climinnted spotting for 
the storage period of 5 to 9 days and greatl)T delayed the (kvelop
IDeut of stickiness. In some cases a particular degree of stickiness 
was attained 2 days later on the treated than on the control lots, and 
in other cases 4 to 6 days latet'. "With other lots (7 and 12, table 2) 
stickiness appeared to he permanently eliminated. In records taken 
6 to 8 clnys after trentment the stickiness of the treated beans 
a,-eraged more thnl1 70 percent below that of the control lots. 

TARLE 2.-lJisinjeclirl1l cxprrimrn',~ on .~ht'lll·d gTeI'll limn ben1ls 
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I [:o~s I lo 7. inclllsiVl'. were FordhoQk benos frornFlorid:l or Clllirornin; lots i; IIlId u. ].'0[(111001;: from 
Vlrgllll!l; lots 10 aud 11. l)recrs Bush Iillln frolll Virgini,,; lot 12. 11ellder50n Hush limn frOIll \"ir~inil\' nod lot 
13, Burpee;; IIlIprove,1 Bush limn [rom \"irginItL • 

, Slored Ii d.lys lit 40° ],'. lind then 1 dny nt 70°. 
1 Slored 1 dny nl 70· F. nud then 4 days at 50°" 
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fIII11I11(\~ _. ___ " __ . __ _ o 0

fI,!!,) J1t:'ITl'Jlt CU.;:o. a mimll('" II U 

-------- '--,._-- ----- -------
111 onC' or tht' c'xp('rillH'nt,;, I ')-PPI'('('nt ul('ollol WlIS usrd 1Il COtn

pnrisoll witb :-Hl-prl'crllt llicohol (lot II, tnhle 2). It gnTc complC'te 
control of spotting, but much poorrr ('ont1'ol of stieJancss tbn.n the 
aO-prrcC'1l t. 

Tbe ni<'ollOl tr(,Hlmel1t,; hnd n sli!!ht bh'Qching effect. Thr Lreated 
bean,.; had .!Pss greC'n color und lpss gloss than the untreated ones, 
hu t thr condition wus not usuuiJy noticeable except upon comparison
,,;ith () thl'!' 10 ts. 

Acidified alcohol wns lIsC'd in three of the experiments (lots 8, 10, 
and ]2, tahlr 2). Adding 0.02 or 0.05 percent of hydrochloric n.cid 
to lhp 30-pCl'crnt aLcohol decidedly increased its efrectiveness ill the 
COLI trol of stickinrss. 

It was not j'011nd possiblr to secUl'c sll.tisfnctoJ'Y control of stickinrss 
find spotting with ncids alone, without injury to tho hrans. Ten 
I)(>J'('c'llt uc('tic, J0 ppl'crnt. luctic, and 1, O.Ii, find 0,25 prl'cpnt h:nlro
chlo1'i(' uci(\ gll\'e drcidrd reduction in stickilH'sS and a significnnt 
I'l'd uetiotl ill' s[)()tting ",1](,11 usC'd as washr,; but caus('d suiIicirn t 
inj lll'.\" to bar t hrm from pt'ncticn 1 consideration. 

A O.i)-prrC'l'nt solution of copper sulpirntp wns used. in one test 
alld glln' Jail' ('ontl'ol hut with sr,'C'1'e iniur~7. Hodiulll bisulphitr was 
tlsrd ill ollr S('t of rxprriments (lot 9, tahlt' 2). The mnte1'inl wns 
\\TllPPl'd in eotion to J)l·l'Yrnt. eontnet 'with thr bpnns nnt! plueed in 
thr bottom or th(, jnl's in which thr brulls WNO stOI'('el. rsing 1.0, 
n.;"), 01' 0.2 g to r!lcl! pint of benns decidedly inct'ensrd tilt' drvelopment 
or both stickinrss and spotting. 

Asicl(' hom alcohol, formnldebyde madr thr best sil(}\\'ing from tbe 
stundpoill L of disease con trol. Holding the b(,IU1S in It. 1.0-, 0.5-, or 
n.25-prrcent solution for 1 minute ~n"~ complete control of spotting 
in rnry ('nsc and as good control 01' stickilless as It siIllilar trentmrnt 
wi tb 30-PNC'Pl1 t nlcohol. The rrsults wrre also Sil tisfnctory f!'Om thr 
standpoint of injury. The odor of formaldehyde soon disapprared 
nft('t' frrt) tm('n t, but chemical tests showed that the beans actualJ:y 
l'C'tnil1C'd an nppreciublr amOUD t oj' the rnntrrial. Benns that were 
"'nshed in a O.25-pereent, solution ~aye tt positive test 1 dny after 
trrntmrn t, nnd benns thn,t were wnsht'cl in a O.5-p('l'cen t solution gnxe 
It positlYO tE'st n.fter wiu;hing- and niso Ilftrr cooking. T}l(' chrmicn.l 
trsts wrre mnde by Himini's method ns modifird by· Schryver and 
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described by Plimmer (6). Tests onmaterinl haying a known concentm
tion of formaldehyde. showed that the method ,,'as sensitive to 1 pat·t 
in 1,000,000 and the reactions ,vith the beans indicated that several 
times that amouut was probably present. 

The fact that forrnaldehyde jails to c()mplf>tdy fl'aporate front tlte 
beans makes its 'Use questionable Ulld possibly dallgeT'l)u8 ftomthe stand
point or" public h('aUh and hal'cs ethyl alcohul as the only material test(-r/ 
that has S/WU'TI praci1"cal JiII88ibiliti(8. 

I'on TRI-:ATMENTS 

;;inc(' stirkitl('ss and spottillg Cll LISP no trouble on unshelled hean:=;, 
it sN'm('(\ pl"Obablc that tht' pods CillTit'd tbe cilusill organisms and 
tha t tbE'Y w('1'e lodgl'd on the beans in the process of shelling. If 
tbis was tru(' it WllS thought pl"OlHtbl(' Hutt the germs could be dp
stro,Y('d by pod disinft'ction nnd a Il1Ptbod of control de"iscd that 
would Hyoid tIl(' llPccssity of drying the heans aft('r shelling. Th(' 
T('sults of vnrious pod tr('ntm('nts nr(' sbown in tnh1(' :i. 

TAIII,E 3.- Pori disillFe/i,m of {lrl'! IL lill1a upalts 

Lot 
Tt.~m~ 	 SpotS 

"licki, . Injuryppciml J1t.~r~l· 	 per 
liP!":';ttJr(l 	 hea" 

Jlaps 	 .'-umber Prrrent Percent 
2}j a5 . 0 

(' :i';:.;':r('iii}i(T·I·lin;r;;rl~' 	 20 ,; l."i 
.i/) fil] (/~'JrI)~rc'l;ljit:'; i i,i);~ i ~I~ll~li IIit' 	 II Ji,

PI ,{ JO pen'otH r.Il,(),. I rmnllte 	 " ;If'I n fi pen'(lnt ('u~Oit 5 rnlnutt..;, 	 11 II 
.;i'\'{:\onr _. _ . _ .. . 	 II 

'0 ' ;,(j I'cTl'rtrt C,H,()U, h mlDntes, thon wa,shp,! 	 I'J \I 
,) , II~rc'Plit C'lf:O. b mjnUlf~. thrn wt-lslwd 	 . f) 

~lIPTl'rllt (' IJ,O, HllllllllH>', t!ll'n w,.,h,>,1 	 !II II 
:111 \I 

l
~uo:~~rtelit~('~2ii:()}i,~ ~i i111nut(>~;- in-innisi-~hnmh~r -.:1 

20 
:')0 . 1 Al~~:\~~~(;i{"fi;{j,~ i·1l1inuttl.S; iOn -Tlll}\.;t-(lht\inh~-r- :{' i;thl~ ! 

utr, ....... __ .. _._ _. _____ ._ __ II II 
, L5 p~f{'\'nt KH40H, 2. m-inU1\\;-:; in n\Ul..;t t'l1~uBher 3

1/ :111t ~~:;~ulr~~__ ..:~~_~:~ -~_ - -.--.-~~__ ___ =: 311 .I 1.(1){lfC'ent ("H20, 2 mHlutes~~ ~ _. - - . --> II (I 

· Lf. per<:e-ril C 1,1,0, 2 minuh~':':'; in Illut"'t chtunh(lr 1 ll1tn· : 
(" flO tHe ~ _ , __ . ~ _ _ ~ _. _ _ ___ . _ 

1.6 IH!r{'(tnt (,(hO, 2 nlmut~~; in InOlH chamher 3 tnin· ' " 
Ule,; _._._.. . ___. __ . \I 

Lr. per('ellt C [l,O. 10 s,>('oll(L-;; in mUhteluuulcer 3 min, I " 
[jut~-

~une ~ ___ . __ ~ _______ 	 2;"; IJ+ 

· ".5 percent 1 J(~1, [, nlinut('!" n 
: fl.fi llerf'(1nt Cu:,O", .5 Ulinutl'!' 

+ 

_. __ ._ II (. 

ft : f).,j pen't'nt eu::;!)•• ;i miDutt'~, tlwn ,,,.'heu. ;l!I II 
· I perc'pnl II CI. 5 mimllP'. l,,,,n w,,;;hed .-, [J 

10 Jl(-rc't'rll C:1J.Cht ti nunut('.... tlH~n wa~lwd fI 
(Ui percent CU~OI+ 2l)Cn'(lnt Clrrt(,:.:i Tninutl'!", thC'n 

i!x~'~~h'>d.::: 	 :l? .j;;
! perrent II ('I. " minules _ 	 I:; :! II 

7: 	 ·17·"":0 I per('cnt C'u:4(Jt. 5 Iniuutf?!< _ It 
0.5 perc'ent (',,';0,. t I minfJt~' In 
I perrellt n Cl. " miuuH'<, lheu wflshed 'I;' II 
I pcrt'ent r'u:'O,. "minutes, then w,~'!w,1 20 1/ 

s! 	 .Jr~:AJ {~Ol~:reent (',ii,C) i i; :<;lIIinIllP;: 'Uwn w'L~hed ~~,:~:: 
2: pen'ern CU~Oh 5 rninlltes. then w!l."hed ~II 2{1 :! 
2 pnr('Ctll HCI, Ii Iuinutes, thell \\~l..,hed 111., IJ 

I Lots I to 9. inelm'i ....e. and 15 were Fordhook henn, Imm Fh,ricb fir ("aliforni,\; Int' !II '\l1<lI~. Fon!!"",k 
benns Irom \'irgmin; lot I I. I lreer~ lJu~h liUlll from \'lr~ini:l; and lot< 1:1 (Ind 14, Fordhook l)"lle lrom Cuha. 

1 ~tored lor 5 days lit 40° F •• ant/thell I d,,)" M o{" 
-' Stored for 1 uo)" at ,0' F., nnd tben ~ dny, nl .'ill'. 
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TABLE 3.- Pod (li.~inJrcli()1/. 0/ (JI('('/L lima lwans-Cootinucd 

Lot 	 Pod irNltmcnt heron· slwilinII awl ~[nrin::
Tenl ~poL.., 


Period Jlf'ra per

tllre 11(1un 


"----------------- 
;~ F. 	 I _ *\~l1l1lber PlrC"fnf Pact'lli 

'(~M~ 00 .iO 0i.n Jltlr(.~nt~i'\-{f;?()~"( II-liriil-1~l;- ill-l;l()fst-cli:~nlf)e~ -:i lUII1- i 
Ul(1~ _____ ~ _______ .. ___ __ ~ ____ ~_T ~ _ 

II (]
l.n Ill\r{'("nt (' Il~( J; 2 minute:;; in Inoist chtl.mhc: ~) mill- I 

.10 utli:o - - - --- -- •. -----.---- -.~--~-- II II 
l.tJ pl1ref'ut Clr:?O, Iminule; in ll1oistchnmher:~ min-I 

utll~~ tlien\\"(1..',Q1P.(L, .. -~_~_~~' ______ ~~_.7 __ ~~~. (]
L.H 	pl"rl·pnl (' IhO. fi $e('onds; in moist chamher 3 llliu
ute~. then '\·n.~he(L . ____ .~ •. __ ~_~ ••• _~~ __ ~_~ __ ~_._ .. r,,'1", 

ao IIjl~(~lllt..~~t Clh_(~:!.ln~~~I:~: _t!l~~.\nlSl~e(L~~~=:~~::::. a;. 0I 1 (I{'f{'(lot ('Il~(), 1 minl1llL ___ .. ~_~_~~ __ ._w. ___ .. 7"~ 	 (]II II 
, ., IICf('cnt CI[20, 1 mjnlltt.l:inmoist('haUlber,'jrninutl'~ [) II 

50 l.n p(~rt'lmt (,1120, 1 minute; in U1()i~t ('humln.lr a min111 
II 1/ 2 

. 1 ~~~~::ent If ('l, i 'Ill111Ule: in-inoisl chaml;er:1 minute, :10 : H, II 
, I.fi pen'em ClI,O + 1 prrrentllCl, J minute; illllloist : 

II 1 
.i0, 0ir~~m!,::::';:, ::.~~;~l::~~:::::::: :::~: :::::~: ::::::::::::: :l', " 0 

! 14 perc'cnt ('lhO, 1minut£l; in Innistchnnther a minutc$. II ' 3
11'1 llerrenl ClI,O, 7 nHuutes; in moist ..hamher fi minutes. n 2;; 
; 1.6 {It.1r('ent CHzO, J Hllt1lJle; inl~loi~t chnrnher :; JIlin

u n 2 
I Ll~~~~rl'ut -i.;l{~.()-+ 1·jwr!'cnt-j I Cl~ 1 lnlnlltc;·frll;t·oigi-I

-0' ('humber:~ lIllnUll'S. __ , ____ . ~. _ .... _~" _4~. ~ II
11 r. ~l '.Ipen'cnt ('1 I:!O .• 1. nlinutc; in rnoi5t chamber a minute!". 

then wn~;lll.'d __ ~.______ ~ _ _ . _ . ____ ~ .. ~.~_, II 2 
1PPf{'C'Ul CI].zO, '; minutcs; innlOistchnrnher 5minut.es, 

tlwll WllSlw(L. "................ .." . , ...... ".. Ii 7 
1.6 pcrrl'nt (,I1:!O, 1. minnte; in moist chamber 3 min- " 

tll(l~, thllll wn~hed .. __ ., _ __ ~. . .• _~ __ ~ ... _._, o II 
l.H perrPllt (,lI~O + 1 pl1rccnt 11('11 mil.ule; in J11()i~t 

2 

I ehnmher8miuutps,tht'llwnshed _ . __ +~.*_+ __ (I 47 __ 

'~"nnt.l . ... .~w___ _~. __ " ... __ ~~._~_7_~_._"1 ;0 (j 

:; 1H.'rrent ("zII~()21 a miUUl('~; in tnOll{t eh:unhrr fi min- 1 
II 20 ~ ,\Jl~i~nt- (~:!rf;o2,- £irli'lllIt(l~;in-nlOist cI1llnl1)er~5 -min- t 

5U ~ ute::: ._~ ., .~._~ ____ .~_. __ ___ ___ , II 11 ~¥._¥ ••••• 7 • 

2 Ilcr('(lnt II (~1. 21JlIIllltC'S; in moit'\t t'hnmber 5 mlI1Ul(l~ II II' 12I 
1 perc'(lllt II ('t, 2IUillUll'S; 1n 111oi~t chamlwr 5 minut(ls .. 11 II 4 
t pl1r(,(lJlt IlCl...,...O ••11wrC'I'nt CfllO, 2minut(l~; in IJIoi:-;l 

: rhamhrr 5 minulll~ ~.-. _ _ -- __ I n il -I 
·10 ' liU 0;l;l(.lt~~('r~nl ch'l;lclD!lie<i iilliei-J-llflil-1i~;-ill ill(li~i (\·lltll-Ilber71 

:iO ;1 _ . _ _~_ .. ~_~ _ _~__ ~ __rnll1lltf'~ 	 + .. ~ U 
:~ PPr('Nlt chlurinnh'd Hme + 1 pt'H"t.'nt 11 Cl, 1 nlim1t~·: " 

In rnOistchnrnhcr5minule~. _ _ .~.~~ ___ .. II 0 
:'\oor .7 ... ~_~_ •. ____ 7_ .._. ____ ~~._~ ..... _.7 ,iii (] 

:; llPrrt'llt ehlorilUlted HIlle 1 minute; in moifit chnmher 
:'imintll(l~ _ ~ ..•. _.. _~. ~. . ___ ~ __ ._. 1/ " II 

If; :J(J a J;'{'J~~'h~~ti.~lnril~~~ ('~l_ ~i tJ1_~ ~_~~i.I~I~~C~ .i~l. ~l.lOi~: ~h:~nlh~r 	 (l 

~ perrent chlllnnntcd !im~+ 1.25 percent 1 1 Cllll1inUIl': " 
inmnist('hnmh('rfiminut('~. _~ .. __ ~._+ __ ~. u ;j 1 

I f!en't,lllt n ('11 JIlIIHItt'; ill I1l0igt chnmher [) minutet"A u" a 0 
:'\"on(' __ _. .. ~ .• ~ __ ._ . __ 7,,"+ "_._~. __ ~_ ~II 1110 0 
:; IlefC'ent chlorinated linw J minute; in nlOlst cham her 

fillliuute;.; ._. ._ ... ~ .. _.~ .. _~_.~ ____ __ II ;i 24. •• ", 

:IU ,j perc'N1t rhioriullted hme 1 minute; in llloist chnmher 
5 minutt's. then \\'11Sh('(L __ .. __ ....... _______ • _____ .. _ . , 0 

I pen'cnt chlorinated lime 1 minute; in moist chnmher I " 
filllinl1te!' +~ •• •• ~" • ~~¥_._H __ ~ __ ~ __ II 0 

1 percent fI ('I 1 minute:.in moist chamber 5 winute,. (, 0 

In a ltumb('J' of tt\(' tests the benns were beld in n moist chamber for 
sPY('ml mlnut('s following the wnshing tren,tmpnl. Th(' purpose of 
this was to simuln,te til(' ('onciitions that would occur with Inrg('r lots 
where the dipp('cI pods might lULV(' to stand in hnskds or in 11 pil(' lor 
a short period befo1'(, slwlling. 

http:minute:.in
http:5minut.es
http:humln.lr
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Immersing the pods in t1 4- or n, 1.6-p..!rcent formaldehyde solution 
for 1 minute or Z minutes usually gave good control of both stickiness 
and spotting 'with little or no injury to the benns, but it wns found 
that the pod treatment was but little better than the beuu treatment 
from the standpoint of objectionable Tesidue. li'ormaldehyde to the 
amount of 1 part or more in 1,000,000 wus found in the beans after 
shelling even when the disinfecting solution wus reduced to 1 percent 
und the pods washed before shelling. 

Immersing the pods in u, 2-, 1-, or 0.5-percent solution of copper 
sulphate for 5 minutes gnye good control in some instnuces but poor 
control in others. In som0 of the e:-..-perinwnts then' wus slight injury, 
but 110 test was made us to the extent to which the copper sulplwte 
pussed ow'r to the beans. In none of these treatments ,vus there 
fillY eyident efreeL upon ('0101'. 

immersing the pods in a 1.5-pereent solution of nmmonium bydrox
ide ~!:I1Ye satisfnrtory control of spotting with no injury to tLo beans 
but failed to decrease stickiness. 

'rusbing the pods in tL solution containing 1 or 2 l)(,l'cont hycl 1'0-

eluOT·ie ficid or 2 or 5 Iwrcent of Ilcetie acid usnnlly gUYC satisfllctory 
control of stkkiness and considerable Teduetion in spotting. With 
tbe st1'on~er solutions nnd wi.th prolonged exposure to the weaker 
solutions injury wns sonwtimes foulld on the ben,Ds, hut, the results 
indicate that an fieid wash has prnctienl possibilities, especially where 
stickiness is the major problem, us is usually the case. 

Pods were wushed in i1 30-percent solution of nlcohol in one instance 
and in a 50-percent solution in nnother. TIle wen,]u'r solution gnv(' 
considerublo J'eduetion of both dis('nses nnd the strongex stilJ lwtter 
control, but the l('sults inciieu,ied thilt a more efficient fungicide was 
desirahle in tli(' cnse of pod trentnlE'nts. ' 

C'hlorinnted lime solutions were prepared according to the methods 
rccomuwnded i'or disinfeetion. Complete ('ontrol of spotting and 
satisfactory comm(']'cinl control of stickiness WIlS obtnined with 3-,4-, 
and 5-pprcpnt solut.ions with no significunt injury. The chlorinatpd 
limp solutions were prepared from stocknmtNial containing 53 percent 
of nyuilnble chloril1(,. ~ 

.:ill things considp(,pd, it ch]o1'inal('(l lime wash for til(' pods seems to 
meet, comnH'reinl 1'Pquirpmentl" h('tt.er thun uny other disinfecting 
tr('atment tLut hns bC(,Jl teS/NI. 

CAUSAL ORGANISMS 

It is cvident from the fOrt'going pxpprimeuts tha,t t.he stickiness 
dew'loping on shellpd limn, bcul1s is cllusPci by bacterin and the spotting 
by n fungus. Studies hnve b('('n made of t.he causal organisms with 
the purpose of determining their proper classification. 

BACTERIA CAUSING STlCKlNESS 

Isolations from sticky bell1lS showed that there were a number of 
different bnc.terial orgnnisIl1s present on the surfnee. -n11ile most of 
these organisms caused an incrense in stickiness when npplied to the 
benns, it WIlS decjded to confine the cletniled bncteriologi('tll studies to 
the three thut were most uctive in producing the trouble, OIle each 
from Californin, (Calif. 2), Virginia (Vn.. 9), illlci lflorida (Fla. 2). 

http:h('tt.er


20 TECHXICAL IHTLLETIX (j~5, 1'. :-i. JlEPT. OF AGUrUl~L1THE 

The writ£'l's made bacteriological and physiological studies o[ Ill£' 
tbr£'e organisms, but it seemNl ad visltble to hoxc them studied and 
clltssified by some one :fnmiliu,r with bncterinl soil m-gllnisms. The 
authors ar£' inckbt£'d to N. B .. Smith, of the Di\Tision of Soil Micro
biology of th£' United Staws D£'pltrtnwnt of Agriculture, [or the identifi
cation of til(' orgn.nisms and for the supporting stu,t£'ments of the 
descriptions. Tlwi!" 0\\'[1 l'£'sults are in ogr£'ellwnt with the ehorncter
istics reported. 

The bactprin.l ('ultur£'s of Ylt. 9 ha\T('. bp£'n found to have the following 
dwrn.cteristics: 

Small, slenel('r rods, arth'ely motil(', with on(' to thr('(' polar flagella: Gralll 
llegath·c. 

Gelntin stab: Oro\\'/,h filirorm, no liquefaction. 
B('cf agar: Abundant, (lat, thin, glist(~ning growth, the l1wdiuul turning green 

fluorescent. 
Broth: Cloudy, tender pellicle, !lo('('ulcnt ~edill\ent, gn~en flllorescent. 
Litmus milk: Ko coagulntion, alkaline. 
Milk agar plate: Larp;e spreading (~\llnll;>, yellowi:;h and brownish; 110 dip;estioll. 
Potnto: Abunci!wt, dirty-brown, glisteniIlg growth. 
I ndol not farmed. 
Xitmtes not redlll'NI. 
f'>iareh not hvdrolvzpcl. 
Acid rrom dextrose and glyeerin; no rel'lnelltation of sucrose, lactose, c\cxtros<', 

glycprin, nor mannitol. 
Apro\)ic, slightly racultath·e. 
No cnpsules; llO spor('s. 
Optilllum temperature, 25° C.; minimum, 2°; maximum, 37°; thermaL death 

point about fiO°. 
The size of the organism nlripd with cultural conditions. On h('ef agar 24-hour 

cultur('s the meaSl1l'l'llll'nts wpre O.GJ! to l.()J! by I.OJ! to 2.GJ! (fig. 14, .tt). 
fdl'ntifieci m; P.w'luioIllOI!(!S ol'lllis (Rln-enl'l) Chc:;tpr. 

The organism has IL soil habitat. but it has hrrll founci in the intestinal canal. 
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PIGntl<~ j·t-Bacteria frolH 2'~hour cultlIn's OIl hC'pf agur, X 1,400....1, lluetcrin frolll Virvinia lwnns, id('nU·

fiNi fLo.:;, P$elH1QmOlw..~ omlis; B) h~tetpritl front CllUCornin. hCiltlS t prohllbl~· Achro'llLQtmcter COad{L1Wlull(, C, 
bncwrin from Florid" hl':Ins, resclUbliJl~ .l. lipolyticu", bUL probably nOL identical. 

The bacterial cultures of CaliL 2 have been found to ho,ye the follow
ing charn.cteristics: 

Small, slcndcr rods, actively Illotile, with one or two polar Hagell!.; Gmlll
negl1th'('. 

Gl'latin stab: Cratpriform, becoming stmtirorm. 
Beef agar: Abuudant, grlt)', glistening growth. 
Bro1.l1: Clondy, friable pl'llielc, slight flll('l'ulent HPclinll'ni. 
Litmus llIilk: ('(lug-ulnted; whey ('xtrurled, slightly :teicl. 
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Milk agar plate: Compact, thick colony surrounded by u cleared zone half as 
wide as the colony. 

Potato: Abundunt, spreading, yc'lIo\l"ish, glistening growth. 
Nitrates not rcduced. 
Starch 11Yc!roh'zcd. 
::\0 ucic! froUl'dextrose', hwtosc, SU('rosc', sil1reh, ll11tnniiol, nor glycerin. 
Stroug production of hydrog('Jl Rulphidp. 
Aerohic, fl1cultl1th·c. 
::\0 capsules; no spores. 
OptimuIll tempemtun', 2.')" to :~OO C.: minimulll, 2°: maximulJI, a7°: thermal 

death ]Joint ubout .')()o. 
On 24-hour 1H't'f ugur cultul'es IIIP rods lIIl'llsurl'd O.G~ to O.g~ by l.O~ to 2A~. 

(fig. 14, B). 
Probable identity: Achroll/o/)(Icil'r COl/dUJlIl/lIl11 (\"righn Hergl'Y et al. 

The buctE'rial cultures or FliL 2 have been found to 11[1,-e the follow
ing chame tel'istics: 

;o;l1lall, short rorls, motill', with )lcritricllOus flagpllll: Cmlll-negati\,\,. 
Gplutin stab: Cratet'ifonn, becoming strl1tiform. 
Beef agar: Circular, sllIooth, transl\l('l'nt, I'pl'ellding, "pry slimy. 
Broth: t]pa,'Y clouding, fria!>le PPl1iell', granular spdillll'nt, Holution slimy. 
Utmus milk: C'oag;ull1tecl, extruded wh('\', ulkaline. 
~Iilk a.gar plttt!': Growth ;;pJ'caeling (J\'l>r' plate, digesting' milk ahcad of it lIulil 

whole plate is cleared. 
Potato: DelLllt, dr.'-, dirty-brown growth. 
Xitrnte~ Tl'du(,l'd tll nitrite;;. 
:-iturrh h "e1ro! ,·7,pel. 
A('id fwin (](oxtros(>. :;tareh, lllaJlIlilol, and gly('('rill, ilut not from IIlC'toS('; no 

fcrl1lE'ntatiOIl of sucro,;c, lactosC', rll'x(ros(', glycpriu, !lor mannitol. 
Apruhic, faculta(in;, 
Xo spores; no enpsulps. 
Optimum tl'llqWl'ltturt" 35° C.: mimmlllll bt,t W('{'ll 5° and 10": Jllaximum, 4:!": 

tlwrlllul dl'ath point ahollt M:;o. 
On 24-hour bed agar clllturCR tl1(' rods lIlcas\\rpcl O,(J~ to l.O~ hy O.S,u. by 3.(i~. 
JdplItifir'ation not nccmuplisllt'd. Ilc'Sl'lllIJIPs Achrollloliac/(,. lilWi"liculn 

(HlI~~~ Hcrgpy et al. but probahly no1 the sallH' organbll1 (fig. H, C). 

CLADOSI'OlUllJ\l CAUSING SPOTTING 

Isolu tioJls from the spots on diffpr('n t v:lrieties o/'limn bealls nnd from 
limn lW:lIlS originating ill Florida, ('Uh:1, ('nJiI'ornin, Georgin, and 
Yirgillitl g;l\'C pultuI'es () f (,l<ld()'~II()I'i Ion ill all pnses. III llltlrkE'd COl\

trust with th(' organis[JJs c:luRing :,;tiekinesR, all of tIle cultllr(',; up
petlred to be iti('nticnl, 01' so c1o';('])T 1'c]atNl i:lwt it was impossible to 
pln('e them ill sepnmte spec'ies..AJtel' holding the shelled bE'nns for 4 
to (j du)'s nt, 5()O F. or abo\'(', Rltizopus, P("lIiC'illiulIl, u!I(l Fu.wlJ'i1lln 
wpre oecusionnlly found but witllOut un)' relutioll to the spotting pre
yiouslv dt'Rcribed. 

On st.ring bean dextrose and Thllxt('r's agar \\'ell ('stuhlisilt'd colonies 
of tIl<' C'1{fc/OSPOl'illln hnve a white horder and n dark gl'e('nish olin~ (7) 
c.ent('l' thn t has a, velvety :l ppetU'!lnce, d lle to the abllndn nt production 
of conidiu. At first the llypIlt1e (fig. 15, A) are hyaline, lllodertttdy 
brunched and septatE', but with age the)" become olivaceous tUlcl in
tricntely brullched, ancl the cells swollen and closely s('ptate. The 
aerial hypbae are usually 3,u to 4,u in diameter, wherens those in the 
substrnt.um may hnve a, diameter as great as i,u. 

On lima beans llncl un most lIutrient mnterinl only the Hormoden
dron type of spore production was obselTed (fig. f5, B, C, all(I D). 
The spore clusters are dense ancl conespond to those described by 
Robak (8) ns nrbor-shn.ped. The conidiophore'S are first llynline, 
then gold('u oliYnceolls. TIIP.Y arc septate', unbranched, erect or !lenrly 
so, n,nd may a,rise singly from indiyidual hyphne or in tufts from a 
mass of nodulu.r-celled hyphae. 

http:substrnt.um
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One or more baSth conidia arise from tbe apex of the conidiophore 
hy a process of budding- (fig-. Ii». These ba;:;nl conidia are usually 
larg-er than the others and gOI1W reg-ard them as a pDrt of the conidio
phore, but they shatter as freely as tbe others of the conidial chain 
and germinate readily to form IH'W growtb. Other conidia develop 
from these bB_sal conidia by- a proc('ss of budding and these in tum de
velop other conidia. Two freq uen tly ari"e sim uI tanpousl~- from thf' 
same plnne, g-i"ing thE' spore cluster tl}l' g-enpral nppeartlJ1ce of didloto
mous g-rowth (fig. Li. D1. The most <lct1,'e bmiding- OCC\ll'S from tllp 
terminal conidia, but hudding- may al~o continlle at yuriotls point,; OIl 

the conillinl cbuin,;. adding- to-the complexity of tllf' spore f'lu,;tpr. 
At first tlt(' cOlliditl. me LH'urh- hntlinp but Int('l' hf'come d.lrk gold(,lI. 

On strin!!, }>PHIl d~'xtl'(lse ng:U' 'tIl(; hnsal {'oniditl Hllli the first 'two or 
three thilt arisp frolll thenl fire c\"lindrit':d. Procppding out tllP chain 
the sporf' forms sbirt to Ob!ollp:~ellip,:oid, spindI(', ellil)SoilL and sub

round. TbE' btlsn1 conidia nn' 
l:?/L to 2'!./1 by 4-/1 to :;/L nnd 
oftl'n ollee 01' twi('e sppta tp. 
Thp couidia other than t!H' 
hnsnl arE' :;/1 to l'./L by 4/1 to :;11 
and nll'('I~- OIH'P s<'ptatp. 

On \\",ltp1' ngar. under othN
wise filvornh\p ('nntiitiOl)';. the 
spore size,; ure similar to tllP 
UbOH' but with a ::Iig[lt 10w(;'1' 

il\~ of the lllillimun-i m('l1SU1'l'
men ts. 

,Yhpl1 wuter ng-nr cultul'E''; 

net' Iwld at n. tempeJ'atllJ'P 

abo\"[> thE' optill':lIn or Wlll'lI 


thp J1lpdiulll lI11dl'l'!!'oPs C'oJlsid

N,lbk drying n ftel' thp est:.th

lishllll'll t (If thp fll tl!!'lIS. a difrpl'


A ('Ilt typl' of spon; production 

F",na; 1:,C!,"t".II"d'Iil",tl'trtll~ limn .k,tw" :l~"r. .t. 0 (' curs. 'r he ('Oil illiopiH)l'('';


\'"rj"u, r"rll!,,,r!ll~wl!Ulll; li, (-,an,t b,";\flY"'"c..,,,r nrf' S('()tute, of u !!'()ldpll colo!',

j,.'oUldiaI prtldU('tlUII. Y ·1;,,,,1. .. 

HI1I1 f'ltbel' simp!!' 01' bl'nndwd. 
Thl' ('onillin a1'(' p:oldl'tl ill color. Oftl'11 OJlce septtlt('. nlHl IllPtl';lln' 7 J.L 

to 12,u h)- 5/L to fi}J. (fig-. ]iiI. 
Til!> :tboY<:, dt',;rriptioll:5 art' in suflicil'llt ngr(,E'Illl'llt with tbo,;e rp

ported by Bl'llllPtt (1), H.uhak (8), :llld otlw/'s to ju,;tify tllt' cl:l,.;sificH
tiotl of the fungus as C'!ar!IJsji{}ri1Im III r!lflrll/ll (PNS.) Link. 

The isolL Lion of the fungus froIll bC'tl ns grown in SU('\1 Willt'ly sppa
ra ted poi,' ts as C'ttlifol'/li.l, Floridn, C'll})'l, G p()r~in. ilnd Yil'giuitl j;-; ill 
ngreeml'l1L with the fUl't thnt tllp fllllP:US C'l(ldIJ'~JI{}rilim is known to 
hnve a -wide and gelH'ml distriblltion. 

r\o evidence of pnrnsiti,;m on lWHns in tlH' lipId hIlS bePll found. 
but t11(' fungous WHS found in nbUIHhuH'(, Oil dl'tlll tlnd d)'jug' lwul1 pod" 
at the .A.l'lington ExperinH'llt Farm. j ..rlinp:ton, Yn. 

DIS(TSSION 

Th(' aboyE' exp('rimpn ts SP(,1ll to h'I1\'(' 110 doubt us to th(' 11tl ture Hnd 
cnuse of gtickiness nncl spotting of frpsh grN'1l lim:l lwans. Tilt',\' show 
that 5ticl\:in('ss is due to bacteri!l and thp spotting to n funp:lls. TllP 
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causal organisms uxe types o('curring ill tbe soil or on decnying \'cge
table matter. They llre c(uTied on tlle pods and are spread t.o the 
beans in the prO('e5S of shelling. Proof or this is found in the fuct that 
sticku1t'ss alld spotting nre not problems with unslH'lled beans, null 
that disinft,cting tn'nim(,lIts or the pods before shelling preye11t the 
deyelopnwnt of tlw troubh's on the lwnns aft('l" shelling. 

Four t\it\"Nen t llwtbods of con trol lin H' been foulld: Holding the 
she-lkd lwnns nt low t('mppnltU1"('; ('xposing them to cnriloll dioxi'<lr as 
u. supplellwll t to )"pfrigl'nttioll; disill feetillg th(' lwu IlS; nnd <lisin redillg 
tbe pods hdore slwLlillg, 

Of the~;p methods Lo\\" irmperntu('e hns the 1l10,;t points in its favor, 
nt kust from tIll' stulldpoint or lllHilltnining n high-gl"llde product. 
Slwlh'd gn'p!\ limn I)(,Hns sllstuin n rupid 10';'; ill SWpdllt'SS, frrsllllPss, 
!1Il<i qllalit~· wltPIl lIPid lit high t('J1lI)('rutuJ"{'s. us r('('Plltly shown h~' 
Carolus (.n. It is illlPo('tunt, til ('1'(,/'01'<'. npHl't from control of sticki
Ill'S'; nnd Rpottil1~\ tllllt th!' ])('un,; 1)(' lIPid nt· as low [1 tt\lllp('l'fltu1'f~ as 
pntclieabk. Thp prrscllt PXI)('('illl(,llts illdicutc thnL n tcmperaturp 
of 40° to 41 0 F. should gin' (j to 7 <lnys for shipping and llltlrkl'ting 
\\-ithollt tlIe deY('lopnwnt or s[lotting' Hnt! with little or no d('\'l']op
11]('11 t of Rti('\~iness. A 

t e 1ll p P nit til' P of :32 0 


doubl('s this IwrioC\ of 

sttfpty. 


\Yill'n' it is illlj>ossihip 

to SP<'Ul'P prompt nlHI 

';:1 tlsfuetOlT refrigern

tion. the slipplPlIlcl;Lur)' 

lise of solid ('arbon di

oxide ofl'('rs n. practical 

IlH'tlnS or ('on troL 'fliP 

PI'PSPIH'P in ill(' sioJ'U?:!' 

!ltmosplH'('(' of 25 P<'I'
('('n t or more of ('u rholl 

tlioxi(lc dpln\'pd the cll'- A 

\"(,loI1I1wnt (if stickin('s,; . .
I·, ,I llb 1I ..-.\hnorrntli !!rt)\\ tiI or C[utiO"porIll7l1 dm' to drYlUg or
us nllle'.1 I :11](I t IIe ( I('yp1- lilt ,hum. Illlll'r ,,~.lf .1. X-130; 13, X:!lO. 
oPIllCIl t ofspo t ti ng l110re 
than n. drop in tpmppl'llturc of lSo F. ::-iu('h !l('('um\1btilll\,; o[ gas cau 
he S(,('lIn'd 11101'C rPlHlily and J1)u('h mOl'e quieldy thall the eqtiiYaient 
drop in t<'mp('rnhlrl:', pSlw('itllly ill tlH' eu;;c of coolilJ~ from t(,llIP(,l'
ntul'(,s of flOo or (JOo to templ'mtul'l's U.;O lower. Tpmpprntur('s of 40° 
and low('r Ul'P difIil'ult to S(,('UJ'P l.111del' {'ommerellli shipping condition::;, 
Tl1(' C:1l'bOll dioxide tn'lttlllt'nts han' been found to haY(~ (l, fnyornble 
efl'pct upnn q\lltlity sinlilnl' to that obtailwd by l'pfrigNution, and ship
ping ipst::; hHYC shown t Ita t illi tial cnrhotl dioxide tretltmen ts {'an be 
rpndily ndll ptpd to pitlll'l' l)(Hl:'>'-l'(\(ri~ern tor 01' rdri).!:crn tor-('ar {'onditions. 

Exposure to low tpl11[wrature or to ('urbon dioxide dl'ln~-s the de
yplopmp!)t of the bueterill anti fUl\gi but (\oes Hot dC'stl'OY them. 
\Ytl.;;lllng thl' bt'tll1s ill:t ::;olutiOIl or (,thyi akohol and washing tbe pods 
in :), sol u tion of dllorinntl'd. lillIe hu \"(' lWt'u found to be satisfactory 
tlisinfedillg tl'l'uhnents JOl' the l'('llwyul or the cttu:,al orgllllisms nJltL 
nut\' Wl'lI hu \'(\ n commel'C'lni YUIlle ('\"('11 when rdrigNn tioll is to be 
emi)loyed lu ter. ' 
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SUMMARY 

The spotting thut de\'elops on shelled g-rpen Jima beans hus bpen 
foulld to be cuuspd hy tt fung-us and the stickine;;s by buctprin. both 
of which nre spread to the benns in the procpss of slwlling. 

Lowering tIle llumidit)T of the storage atmosphere caused fl. decrease 
in both stickiness nnd spott.ing hut did not g-lye sntisfuctory control. 

Tpmppl'Uturp studies wpre mn.de on stickiness nIH] spottulg fl.lld on 
the cuusal organisms. A tplllpernture oJ .50 0 F. did not ah:ays hold 
the troubles i'n chpck for n period of 4 dnys, but u temperntuJ'e of 41 0 

lIpld them in chpC'k fOJ' (-j to 7 clu.ys OJ' longer, and n. tempernture of 
:32 0 Jor 1() to 14 d :J,YS. 

Holding Ole j){,IU'lS ill nn 11tl1lospllel'e conttliuing 25 percent or more 
of cnrbon dioxide IHld nil inhihiting dl'ect upnll~ the dpYP)OpIllPllt of 
stickillPRS equh'll]Pllt to tlwt of nn ]SO F. drop in tPIlI]H'I'ntuJ'P nnd n. 
still grentpJ' effect in tllP contJ'ol of spotting with 110 11llfnyornble effect 
upOll fin \'or. 

'Ytlshing tl1P hptl.Jls ill n 30-pereent solution of etllyl alcohol or 
\\ nshi11~ t]l(' J ods in u 4-peJ'cent. solutioll of ch) orinnt('d lime g-nye COlll 

plete c011tl'01 of Rpotting- find good c01n111('1'e1:11 control of Rtickiness. 
A. considerable Yllridy or bncterinl organisllls W(,I'C isolated from 

tll(\ jwnns 1lI1ll Jound cnilUhl(' of Pl'Od:1C'11;g- stickl11PSS. Threp of the 
most. llC'tiye of tll('s(' w('re FS(-l{(lomo'll({s omlis, hom Yirg-iniu hennA: un 
organism with thE' pl'Obn bl(' idpntity of ..1c!l1'o))wl)(/ci( r cO(ldmwtll»l 
froll1 CnJifol'llin benns: nne! nn orgnnislll )'(';;elllblillg' .lc/trOllwbacter 
li}lolllticll III 1'1'011\ 1<'lo1'idn b(,:\11S. . , 

The fungus enusillg spotting- wus idC'1I tifi('d :IS ('/ar/o8jioJ'i I( III Ill,/,
bal'llIH. 
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