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ABSTRACT

In different wayes during the past forty ysars a great warleiy
of materials have been tried as seed-treating agents for the control
of basterial bdean dlight. As moat of these treatments were unsatis-
fastory, no sted treatment has deen recommended for practical con
trol for a considerable period. Since the hacteria may be situated
deep within the seed. an effeciive treating agent must be capsble of
penetrating that portion of the seeod in which bacteria may be found
or carried at germination. and there causing the destruction of the
bacteria without appresicdly injuring the seed itself. The faet that
agueous solutiens cauwse slipping of the bean seed coat in 12«15 min-
ntes negessitates the use of a solution which will either penetrate
the seed and kill the bacteria within this time limit, or will prevent
the seed coat frem slipping so that the treatment may be carried out
over a longer period of time. ¥With thie in mind., Person snd Edger-
ton reported in 18939 & falrly effective gsed trestment unsing a sole-
tion of 1:500 mercury bichloride in 70 per cemt ethyl alcohol and 3
Ppe¥ cent acetic acid for 12~15 minutes. This work has been continuned
with a view to improving effectiveness and eliminating the disadvan—~
tages of injury tc germination and slipping of the sesed coat.

A wmamber of nmaterials were given preliminary laboratory tests
to determine the optimum concentration and maximum time over which the
treatnent could be safely utilized without causing apprecisble in~

Jury to the bean seed. laboratory tests were also run to determine



the dactericidal effectiveness of the solutions by treating discased
seed lote and transferrisg the ireated seed aseptically to tudes of
sterile doxirose Brelh. The mumber of tubes showing bacterial growith
after a wesk's incubation period wes used as the sriterion for deter
sining m susceas oF Tailure of a soclulion as & seed~treating agens.
Bsatericidal tesis were alsoc run on cultures of the desn bligh$s or-
ganisns to determine the minimum comcentration at which s partisulsr
aisinfectant ¥killed the dacteria. On the basis of sumerous laboratery
tests asoveral treatoents were selected for field triasls. using several
lots of known dlsecased sesd. The treatments had the following compo~
sition:
{1) 1:500 mervury bichlorids in 4i-ethyl ether.
{2) 1:20,000 brillisnt green in 50% ethyl alcohol plus 3% acetic seid.
{3) 1:500 mercury bichlevide in 70% ethyl alcokel plus 3% acvetis acid.
{4) 1:20,000 gentian vielet in B0O% ethyl alcohol plus 3% acetic acid.

Seed was treatsd by immersing it in the $reatimg solution feor
definite time intervals. m solution was then Md off and the
seed spresd out to dry for a short while. 7The treated seed wae then
teken to t=ho field and planted in measured plots., using the same amount
of seesd for each plot. Check pleots were isolated from the trested
plets by several barrier rows in order $o reduce the spread of basteria
from the eheak plante to those devsloping from the treated seed insofar
as possible.

m.ight counts were made on plants after the simple leavea had
fully emerged but before any trifoliate leaves had formed. At this

stage the plants were well separated and could be examined imdividually.



A1l primary Ainfections on the simple leaves were recorded. Strik-
ing differenses in blight percentages were noted between the plants
devalaping fyom trested and uantreated seed. A fractiom of ] per cent
was the usual amount ef dlight inltlally developing in the plante
grown from treated ssed, while the untrsated seed gave rise to plants
which gontained am much as 60 per cent blighst.
‘ Feriodiec sxzamination of the plots revecled that the trsat-
ment increased the vigor of the plents and that these plants were not
as severely injured by secondary spreed of the bacteris sz were those
in the cheek plots. PFPlants grown from unirsated seed were stunted
and yellowed, and a great many were killed before they had a chanse
to dlossem. With this in miad. yields were taken on the ®treated®
and *uatreated® plots by ploking the center two or three ryows of sach
pleot and welghing the zreen beans when they were ai thelr best market
quality. The data collectsd revealed that the "treated® plots oul-
yielded the "untreated® plet from 2-7 times. The guality ef greem
beane obtained was correspondingly higher in the treated plots. Fods
chowed less spotting and were not shriveled or deformed as were the
beans in the “mntrested® plets. The treatments gave rise to as high
and satisfactory ylelds ae would have deen sxpected in fields planted
with healthy seed.

Ssmplea of treated bean seed were stored for varying time in-
tervals in order to determine the effect of treatment on storsze of

$he seed. Periodic germination tests were made on these semples and it



was found that no injury to germination had oeccurred. even after s
seven monthe storage peried. Thus the tests indicated that basterisl
bean blight might de effectively conirolled by sesd treatments that
ha? no injurious effect on seed stored over a fairly long period of
ime,



UCTIOF AND BISTORICAL

Bwhrhl bean blight has been known for a number of years.
It wae first reported in this country by Halsted (8), from New Jersey,
and Beagh (1), from New York, in 1892. According to Balsted (8), the
diseass had pmmly bsen noted aes early as 18886 in certain bean flelde
of western United States. The earliest probadle Buropean account of
the disease was that by Delacroix (6). who reported the dlisease as
ecourring on beans at the outskirts of Paris in 1899. Since thal time
hagterial bean bdlight dus to one or more organisms hag been reported
from a namber of countries. It is now considered %o be practically
world-wide in ite distributioa. |

According to Burkholder (2), a total of six bacterisl diseases
of the gommon bean, FPhagseolus vulgaris L., have been described. but

only three of these are considered to be common and therefore of great
importsnce. Common bligh%, caused by nes phaseoli and first
deseribed bdy Swith (23}, was formerly thought to be the sole organism

assoclated with bean blight. Since that time, halo blight, csusged by
_@m% medicaginis var. phaseolicola has dbeen described by Purk-
holder (3) and has been reported as causing serious losses of beans.

Bacterial wilt, caused by Phytomonae flacouwmfaoiens and first described

by Hedges (10), is the third bacterial disease of major importance on
beans.

Ho distinction has been made in this work between cultural or
fle14 characteristics of the various organisms, although isolations
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fyon loaves; steuw: and peds of discased plants have indicated that
oconnens Diight and the halo blight are of greatest impariance to the
Yean orop of loulistama. Plate I, figurse 1 and 2, and Plate I, fig~
ure 1, show typical myaptoms of blight infections on lesves and peds.
MMewmmM-m;u Tigeased seed of cortaln veri~
stles may show shriveling snd yellowing, particularly in the whide-
seeded bBeans:; as deseribed By Bedges (11) and (32). BHo outward 4if~
foreness could be detected in cortain dariksecded wvarietiss such as
Blesk Valentine, which was extensively used in this research. Zan~
moyer (27 29) has shown BisSolegically thet Fhytomonas phasesli may
snter the soed either through the misropyle., if the pod cavity is in-
vaded. or through the vasoular system from prior imfection of the dor-
sal suture sf the pod. Seedlings arising from sueh severely infocted
ssed ave naturally woskened and may be stunted as shown fn Flate 1I,
figure 2. Thess stunted and meverely infected plants act as initial
iafection centers from which the bacteris spread to peighhoring plants.
Sugk dissemination may cause losses of entire fields., as shown &n
Piats 111, figures 1 and 3, in which & healthy snd a disensed ficld of
boans are gontrasted.

Acsording to Burkholder (4), infected seed may give riase to
\he se~called "sneke-heads® in which the growing tip of the seedling
has desn destroyed by the bactaria and only the cotyledons remsin. A
nanber of such severely infected seed may fnil o push thelsr way
through the ground and this failure may result in poor stande. Harter
{9) believed an unius swphasis had been placed on blighs as the gaveal



Be

agant of such faillures. He demonstrated that thresher injury might
gause $he same condition and delieved this facter might frequently
asoount Tor this condition.

Soil tranamission of bacterisl bean blight due to Phytomonmas
Jbasecl! was claimed by Nuncle {17) for Wiechigan conditions. Fatel
{38) showed thal Fhytomonas phaseoli. aleng with several other patho-
gens: was capsble of living over winter in steriliszed snd mom-steril~

Smed sofl. Wager (26). working in Trsnswaal on bacterial wilt and
»light of French beans. claimed that iafection arose from the seed.
with mo root infection tsking place fyom infected seil. Skorie (32},
workisg oa bacterial blight of peas. found ne evidemce thes the crgan-
fsn gsusing this dizease was capable of overmintering in the seil. Z2au-
meyer (28). on ihe other hand, colleeted data showing ithat beons planted
in a field heving hed a seversly infected crop the previous year be-
esme Dlighted with B. phaesoli. BHo experimental data on overwinteriag
of blight bagieria under louisiana gonditions were gollected. Observa-
tions. however, indicate that the high soil temperatures reaghed dur-
$ng the summer and the dry. fall weather pessibly eliminated the organ-
isms from the soil. Since blight waz mot usually important in all
plantings of loulsiana heans. dus to the bot dry weather at this time
of the year, there was little inpeunlum to dDe carried in the soil over
the relatively sild winter perled. Soll transmisesion of basteriagl
dean blight in louisiana is therefore probably of minor consequence.
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The emergance of a few sesd-infected plants from the soll
gives a primary source of inoculum from which speecndary spread of
bacteria to surrcunding plante may take place. Treatment of the pri-
sary infegted plants was the basis of this work, since there ias i1itle
that can be done after infection has gained a foothold in the seed-
ling plante. Early workers believed that apraying infected plants
with Bordegux or other fungicides and insecticides might control the
disease directly or indirectly through contrel of insects which might
aet as transmission agents. RBapp (21), ¥Mancie (17), and Townsend (25)
bhave stated that spraying met with little or no success and was not
%o be recommenied. Roguing of diseased slants might be practical if
the disease was recogniged by the individunl. On the other hand, tiMs
pracitice might be a means of spreasding infection throvgh the handling
of both dizeased and healthy plants. On a commercial dasis this met~
hod 414 mot appear to be feasible and other methods were sought.

The use of resistant varisties has long been anticipated as
& possible solution of the problem and breeding work has beem carried
on intensively at various stations over a period of years.

Bands and Brotherton {20) ran a four-year test on bean vari-
oties resistant to anthracnose and dDacteriel blight. They found that
no variety tested showed any high degree of resistance to blight. BEapp
{21) tested 43 varieties of beans and found g great deal of vaviation
in suseceptibility to infection. No warieiy, however, showed any great
reslstance to blight. Zaumeyer (28) found a few varieties of the
Refugee type which showed some resistance to Blight infection But none



showed complete resistancs. AL present there is still no comaereial
variety of beans giving a high degree of resistance to dasterial
»iight.

-One of the most logical but aleo most diffiecnlt procedures con-
cerns seed treatment for contrel of the bdlight. sigca the organisms are
locsted desp within the seed. a treatment must be used which is capadle
of psnetrating the seed and killing the bacteria wherever they are loe-
ated without eausing injury to seed germination or slipping of the seed
ecat®. Rigerton and Moreland (7) found that seed coats of besns treat-
ed in agquecus solutions slipped after 18-29 ninutes treatmemt. Some
soed coate slipped earllier than this and the beans in euch cases were
considored to De poer seed that probably wenld not have germinsted any-
way. Som experiments of this research, involving rigidly ulaam
seed. indicated that those seads showing no viaidle cracke or flesures
in the seed coat were less likely to slip after a 15~-minute immersion in
an agueous solutlion than seeds which had minute cracks and fissures. As
msny as 50 per cent of some lois of peed exemined were found to have
defective peed coatss, yet such defects hed no appreciable influence upon
gernination. Xdigerton and Noreland (7) treated bean seed in hot water
at BO® C. for sight miautes and found thet thics trestment gresatly in-
sreasad the blight infectlon. due possidbly to decreased seedling witslity
or to the probability that the water scted as a carrier for the bacteria.
lsonard {14) and (15) showed that bean wils‘might e greatly increased
Sy imcoulating seed with a liguid culture of legume bacteris. Ho ex
plained this as being due to stimmlation of the wilt orgamiems inside

¥lsed throughout this work as a collective term for both inner and outer
soed comts.

5.



She seeds when water was sbeorbed. In experimenis in which diseased
seedn were sceked in water while other seeds frem the sane lot were
planied dry, the seeds scaked in water prior to planting emerged with
# greal deal more blight than seeds plantsd dry.

A great variety of disinfectant materials has been used by in-
vestigators over a foriy-year period. Early work was concerned primar-
1y with hot water: gergury bishleride, or formalin as seed~-treating
ageats. BNigerten and Ngrelani (7) treated resspective lots of bean seeds
for 18-30 miuntes in each of ths following solutiome: 1:1.,000 mercmry
Wehlorids, 1:50 denetol. 1:100 formelin, or 1:1,000 mercury dichloride
in a 1:80 solusion of glycerime. Nome of the sbove treatments csused
a great redustion in germinadion and the bBemetol snd mereury Bichloride
m-m were found to be somewhat effective in reducing blighé.

Rapr {21) irvested bean seeds for vericus lengthe of fime in scluntiomns
of formsldelyde. meroury bichloride, sulfuric seid, hot water, and with
&ry heat. All of theose treatuents weakened germination considersdly
amd geve no adeguate bliight control. Muncie {17) used gscdium nmiivate
in combimation with mercury bichlorids solutions to prevent slipping

af the ssed coat and found shat this treatment was unsuccessful for
blight control. He obialned best resulis by soaking seeds for thirty
miputes irn a 35 per cent solutisn of blesching powder or by sprinkling
the seed with one pint of formaldebyde to 30 gallons of water. ¥Nome of
the trestasnts. however. gave somplets control. Eis treatments amd re-
sults sre fairly representative of the work carvied out over a number of



years. Regently, Perscn and Edgerton (19) reported & fairly effective
treatment using a solution of 1:500 mercury bichloride in 70 per cent
othyl aleohel plus 3 per gent acetie acid. This trectment was used
for 12-15 atnutes and cpused neither appreciable decrease in germing~
tien nor slipping of the seed coat.

%he major work reported in this thesie has involved the use
and possidle imnmsﬁt of ths Edgerton-Ferson treatment for the con—
trol of bean Blight. This trestment gave indicatione of a falivrly ef-
feotive contrel but it eould not be used longer than 12-315 mimutes with-
out ceusing injury to germination and slipping of the seed coat. The
restricied use of ethyl aslcohol and the neceasity of preparing correct
relative proportions of materiale might essil)y impalr the éffugt&m-s
of the treatment if not handled properly. The loss or dilution of toxie
ingredients after continuad use over a period of time wes also comsider—
ed as a possidle factor in deteranining the effectiveness of the trest—
ment. The sbove limitations on the ireatment have made recommendations
for L1ts use to fermers and seedsmen impractical ami further study bas
been carried out in an attempt to solve some of the stiendani diffi-
culties and at the same tizme to improve. if posalble, the effectiveness
of ths treatment. Experiments were condusted to determine the fegpi-
Bility of substituting the cheaper methyl alcohol for ethyl alcchel &n
the treatweant. Work was also carried out in which non-agueons solw-
tions were used as carriere for the toxic materials in an effort to pro~
long the time over which geed treatment conld be carried out withoug
eausing #lipping of the besn seed coat. All of the asbove procedures

7.



showed some sort of promise snd tended to converge the various mater—
ials and methods toward a common point from which an atieapt has deen
made to svolve s falrly effective and practical seed treatment.
Another line of attack used in the present research was that
sf treating seeds with certain dyes which had deen shown to exhibit
aa¥ired basteriestatic action. Churchman (5) showed that the meridine
and triphenyl methane group of dyas were highly eﬁ’gauve in killing
gortain dacteria. He also demonstrated that a number of dyess had in-
hidbited dacterial movement and multiplication. Tilley (24) demon-
strated the bagtericldal effectiveness of a number of dyes. He found
that basic dyes were usually more effective toward gram-positive ergan—
isme than towerd gram—negative omss. ¥The addition o¢f phenol or ortho~
erssol incremsed the efficiency of triphemyl methane dyes against
gran-negative bacteria. The addition of phencl to brillient green or
malachite green did not,. however. increass thelr bactericidal effi-
ciency. Eobs and Robdins (13) claimed that increase in H-ions, in
genmeral, inecreased the toxicity of dyes except where soludility was
eoncerned. lMonteith (16) used malachite green and gentian viclet as a
mesns of controlling brown patch of grass caused by Ehizoctonia solani.



NMATERI ALS AND MEYHODS

The work of Person and Edgerton had previously showa that a 1:500 con-
ceniration of mereury bighlorids in 70 per eent ethyl alcohol plus 3
per cent acetic asid by volume was cepables of controlling bacterial
b»oan Blight tc some extent. The treatment. however. could net he pro-
lsaged beyond 15 mimutes withoul cansing serious injury to the seod
shrough slipping of the seed coak. The acetic acid in the solulion
Presunabdly atted as a penetrating agent carrying the mercury bichloride
%o the sits of basterial infection. but 1t aleo had 2 somewhat detri-
mentsl effect on sesd germination. particularly mmnder prolonged ireat—
ment. With these things in sind., a namber of materials were used in
prelisinary laboratory tests $o determine the effect of various chem-
ieals as toxie agents in bean dlight conirol amd as sgents possidly in-
fiusneing seed germination. Since aqueous solutions caused siipping
of the bean seed coat in 12-15 minutes, a solution wes required which
weg eapable of penetrating the ssed within this short tims perigd.
Xilling the bacteria within the seed and at the same time causing a
minisun amount of injury %0 the seed botih in ralation to germination
and to sudsequent vigor of the young seedling. Another possibility
considered was that of using scme material which would prevwent the
slipping of the sesd coats snd at the same tine would act as a sult~
able wehicle to carry the toxie materials to the placex in which the
bagteria were located and there cause their destruction. A% the ssme
time, 1% was recognized that this sudstance must be one which weould



net cause appregishle decrease in gormination even though the treat-
ment was carried out over a relatively long peried of time.

- Nomercus 4ifficulties wers encouniered in attempiing to find
relisble toxiciiy tests. Barly im the work dlseased sesds were treat-
of with the particular dlsinfectant on which data was desired and thoy
wore them transferrsd aseptically to tuwbes of Difeo dextross broth.
o tubes were wnuslly uwsed for eazoh dlsinfestant to be Sested and
from ene to four trested bean geeds wers dropped into sach tude. The
$ubay were then imgudated for one week with freguent examinations each
8ay. Auny seriess of tubes showing litile or mo hacterial growth afier
sns wiek were congldered to huve besn effectively treatsd with bacte~
rieidal mgents. The disinfectant was then deemed desiradle for further
laboralory teste and possidle ifmprovement or for field trials. The
fact that no scocurate kmowledge aw to the amount of infection in die-
eased speed lots could be obdtained without first running field triasls
made this type of test rather 1lnacenrate, since one would not know
whether the seeds were diseased or not. The growers' or secdsman's
statemsnt was not sciemtifically reliable. Further, a large number of
tubes had to be used im order to detect the discased seels, and this
involved exgeseive time and lsbor, and since the organisms devsloping
in the tubes had to be isolated and compared as to cultural character~

ietiss with Phytomonss medicaginls var. phaseclicols end Phytomonas
phaseoli. This procedure was used during moat of the aarlier studies

Puat was later discorded in favor of a more efficient method,

lo0.



Preliminary tests of disinfectants carried out according te
ascepted bagtericlegical procedures using pure culturee of the desired
Organise gave iﬁimﬁm of being satisfactory. and gave relishble in-
fermatlon regariing the toxicity of warious materials. The following
methed was thevsfors used ‘to test the toxielty of a muber of sub-
sianges to the hean blight bdacteris.

Five cudic centimoters of sterile Difeo dextrose broith were ad-
ded aseptioally to each of 5 series of 10 sterile culiure tubes by
means of a sterile pipestte. Ten cc. of the particular disianfectsnt
solution to be used were then pipetted intc the firpt tube and mixed
well with the broth. Tem sc. of the broth-disinfectapt mixture from
tube numdber ons ware then pipetted to tude mumber two and mixed well in
the broth ia that tube, leaving 5 ze. of droth-disinfestant mixture in
tubs mumber ome. Ten ge. of this mixture in tube number two were them
pipatted inte tude mmber three and the process repeated through ecach of
the ten Ailutions. thus leawving § cc. of Broth-dieinfectant aixture in
eash preceding tube. The exceas 10 ¢c. in the last diliution tube, er
tubs ¥o. 10. were digearded and all tubes then had eguivalent amounte of
materials in 2 uniformly decreasing series. Five cc. of a8 Hroth suliure
sontaining a mixture of straians of Fhytomgnas phaseoll at least 72 heours
old were them pipestted aseptically into each of the disinfectant dile-
tion tubes at 30-second intervals. This left a 10 sc. volume of Broth-
ﬁﬁﬁecﬁmﬁ»@t&a mixture in each tube.

Since ten dilutions were ordinarily used. two disinfectant teets
were run simultansously in series by adding the 5 ce. of brotbh gulture

at 30-second intervals to eseh of the twenty tubes, ten in each series.

11.



After completing the twentieth tubs the bacterial culture in the
first tube bhad been exposed to the action of the disinfectant for 10
minutes and wubculturing was them carried out. Thig was done by
transferring a loopful of material from each of the disiafectant dilo-
tien tubes to a tube of sterile dextrose droth. These tubes were then
incubated at 20-25° C. and readings mede on the subculture tubes at
24, 48, avd 73-heur intervals. The diluition at which growth uwltimste-
1y eccurred in the subenlture tube was nsed ss the criterien of how
toxie any given msterial was to the becteria. After the fimsl resd-
ing tho broth tubes from the check. the greatest dilution msed, amd
the greatest concentration of disinfectant showing growth were plated
as dilution series in ﬁifm dextrose agar t¢ check the organisms aur-
viving ae being ths sans ar thoss intwoduced imto the tubes.

Disinfectant materials were usually _g:lvm preliminery trials
frem a 1:100 stook solutien. The dilution proportions and milligrams
per 100 ee. of disinfectant matorisls at the various dilntions are
ehown in Table 1. Stoek solutions of some dlsinfectants were made up
in 1:500 and 1:1,000 dilutions and the properticns and milligram per
100 ee. asleunlations are shown in Tables 2 and 3.

A mamber of materials, including sulfanilamide snd some of its
dsrivatives wore tried out om eultures of the blight organism $o detex—
mine whether or not they might also exhibit merked toxieity toward
plant pathogenie bacteria. As may be seen from Tsble 4, sulfanilamide
in ethylens glycol bad very little 1f any effect on the bacteria used
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Table 1. Dilutions of materials using a 1:100 stock solution.

Final dilution ng 100 cec.
Tabe Ho. after adding bacteria 1100 stock solution
1 1:300 333.32
2 1:450 222.22
3 1:675 148.13
4 1:1012 98,756
3 l:2278 43,88
7 1:3417 2.26
- 1:5125 1s.81
9 17688 13.00
10 1:11832 8.66

Table 2. Pilutions of materials uping a 1:8500 stock solution.

Fipal dilution Me/100 ecc.

Tabe Fo. after adding bacteris 1: stock solution

1 1:18600 66.8
2 1:2250 44.4
3 1:3375 29.6
4 1:5082 19.73
5 1:7593 13.186
6 1:11390 8.77
7 1:17085 5.84
8 1:258628 3.89
9 1:368443 2.59

10 1:57665 1.73

Table 3. Dilutlions of materials using a 1:1.000 stock solution.

Final dilution Mg/100 cc.
Tube FHo. after adding bacteria 1:1,000 stock solution
1 1:3000 33.3
2 1:4500 22.2
3 1:6780 14.80
4 1:10126 9.96
5 1:18187 6.57
6 l:22781 4,38
7 1:34171 2.92
8 1:51207 1.94
9 1:76810 1.29
10 1:115216 -86




Table 4. Toxieity limits of various disinfectants.

_Dilutions 100 e,
Disinfectant Tower _ Higher ﬁ?' er __ Higher

8-hydroxyquinoline sulfate in Ho0  (1:100) 1:678  1:1013 148,13  98.78
Sulfanilamide in ethylens glycol  (1:100) 1:300*  1:300 333.33 333,33
Brilliant green in Ha0 (1:100) 1:3417 1:5128 29.26  19.51
Auramine O in Hg0 (1:100) 1:300*  1:300 333,33  333.33
Sulfapyridine in 96% methyl alecohel (1:100) 1:450  1:875 222,22 148,13
Gentian violet im Hg0 (1:100) 1:1012  1:1518 98.76  65.83
95% methyl aleohol
11500 EgClz in 95% ethyl alecohol 1:11390 1:17085 8.77 5.84
95% ethyl aloohol
1:500 Hglla 4n Hz0 1:26628 1:38443 2,89 2.59
1:500 HgClp in 95% methyl alcchol 1:11380 1:17088 8.77 5.54
Sulfemethylthiazole in 95% methyl alcohol {1:100) 11460  1:675 222.22 148,13
1:1000 brilliant green in 1/2 Hy0, 1f2 glycerine 1:6750 1:10128 14.80 9,86
1:1000 brilliant green in 1/2 95% methyl alcohal,

1/2 glycerine 1:6760  1:10126 14.80 9.86
1:1000 brilliant green in 1/2 95% methyl aleohol,

1/2 glycerine, 2% ECL 1:15187 1:22781 8,57 4.38
1:1000 HgClp in 1/2 95% methyl alechol, 1/2 glycerine 1:15187 1:22781 6.57 4,38

¥Growth 1n greatest concentration used.

‘4!



in the toxielty tests. Iikewise., sulfamethylthiasolel, as a 1:200
dsinstion in 95 per cenmt methyl alsohol, was dut slightly toxie im
the tests in which 1t was tried. Another sulfanilamide derivative,
sulfapyridine®, at 2:100 dilubicn in 95 per cent methyl aloohol. was
found W0 have bt slight toxicity in the lsboratory tests.

Iadoratory tsats in the early stages of this ressarch consist-
od prinarily of tryimg various dilmbions of eihyl alcohol and crganic
selds in sombimation and at varying soncentrations iz order to deter-
mizme the affect on seed goermination aud the toxieity to basteria in
supposedly infected bean seed. Acetic, preopionic: amd benzolic aclids
were iried in 2. 4. anf 6 per cent concentrations in combimation with
sthyl alcelnl. Acetic and preplonic acide wers found to be Teadily
atscible with ethyl aleshol sad mereury mchiarme. Some difficulty
was sxperiencged 1im sstm#%tng ko dissolve bhenzole acid at m lower
dilations. # saturated solution esf the acid was thorefore made up in
95 per sont ethyl aleohbol and m; was then used far additione at varl-
ous concentraticns to the mercury bichloride - alechel mizture. Cleud-
ing hclkplmtzﬁpcrcﬁmt benzolc aﬁdm_a&m %o 16 per ceant
alochol. however. and this dllution was therefore discarded from sub-
sequent teails.

The fact that varicus dyes had beeon shows %o exhibit bacterio—
static sction 1ed $o the trial of brillient green. ventien vielet. and
aurasine 0,3

13-“1!»11:»1@:%1&1:”19 or K. T. 3920 waes kindly supplied by

the Winthrop Chemical Co.., New York., H. Y. _
2findly eupplied by the lederle laboratories. Inc.. Pearl River, N. Y.

3purchased from Eimer and Amend Co., New York, as commergial, uncertified

dye.
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The ready solubility of brilliant green and gentian wiolet
in water, ethyl alcohol., methyl alcohol, and toluene led to extensive
lghoratory and field testes of theane dyes in various solvents. The
resulis of these tests have been brought together in Table 4. 4s
may be seen, Wrilliant green exhibited greater toxicity tham gentian
vioslet in the ladoratory tesis and this activity wse further confirm-
od wnder fisld tests. Acidifieation of the bDrilliant greea - slcohol
_n;atiaa ssemed to increase its toxicity under laboratory conditions.

The resirictions and expense comnected with the use of ethyl
algohol led to trials with methyl aleohel ag s carrier for the toxiec
chemical asgents. Tha results of ladoratozry tests given in Table 4
indicate that methyl aloochol gave as good results as ethyl aleohol
not only ss a solvent but alsoc as a toxic sgent. Hethyl aleohol, how-
aver. diéd mot appear to retaln mercury dichloride in solution as well
as d4id the ethyl alcobol, particularvrly when stored for a consideradls
lengih of time in the ladoTatory. Brilliant green and other materials
ssemed to De ss readily soluble in methyl alcohol as they were in
ethyl alcohol or water.

Since beasn seed counld not be trested longer than 12-15 mimutes
in any of the soluticns previously tried without causing serious slip-
ping a:f the meed coat., laboratory trisls were made with a anumber of
nop-aqueous solutions. Among such solvents tried aud considered worihy
of further tests were petrolesum ether, di-ethyl ether. chlernfor=,
and $oluene. Mercury bichleride wag found to be readily seluble im
only two of these, di-ethyl ether amnd tolueme. The ready combination



of Ai-ethyl ether or tolusme with ethyl alcohol appearsd to afford
an excellent means of preveating the slipping of the seed coat whils
8411 nsing aleohol as a toxie sgemd, and laboratory experiments
slong this line Justified this belief. A falrly low conceatration of
tolusne or di-ethyl ether in alcohol readily prevented slipping of
the bean ssed coat. even when the seeds were trested over & period of
several hours. The highly inflazasbls preperties of ether, however,
somewhint restricted its use as a seed disinfectant or carrier for toxie
materials unlesxs handled with sxtreme care. Purther laboratory in-
wvastigations involved the use of glycerin to prevent the elipping of
the seed coat. Glycerin was found %o mix well with other solveats
wach as sthyl and methyl alechol and at the same iime 11 retained
saterials such as brilliant green and mercury bichleride in solution.

17.



IABORATORY GEEMINATION TESPS

Gornimation Sests were yun on treated besen gesds in connection
with laderatery tests on the toxid ty of various matorials to the bean
blight bacteris.  In thage testa, usuwally 50 %o 100 commercial besn
sseds of the wvarieties Bountiful or Black Valentine were {rested for a
definite length of Sime and then plased direcily om germimstion blot-
$era. The gmtutim blotters were made ¥y placing a layer of asbsorb-
ent cotton betwesn double sheets of 9 1/2 x 11 i./z paper toweling.
Treating was done by placing the dounted seede in a 1 x 4 1/2 inech
£lass seatr!!‘ngi tube which had bBeen perforated several times ithromgh
the dottom with a red~hot steel nmeedle. A loop of fine bul strong
pianc wire around the 1ip of the tube formed a convenient haudle By
neans of which the tube emﬂ.d be easily manipulsted in or ocut ¢f the
Botile eo#tasning the treating sclution. A wide-mouilh bottles of several
bamdred ce. maﬁ.t:r was used %o bBold the treating solution eo that when
sevorel tudes of beans were lowered into the bottle ensugh liquid was
pregent te sufficiently cover the beans being treated. the solution
ining entrance to the tnde thromgh the perforated bdottom. AL speci-
fied time intervale a tude was 1ifted from the botile without disturd-
Ang dhe remaining tubes and the excess treating sclution was allowed to
drain through the bottom of the tube. The treated seels were them
placed directly on the previously meletened germinslioan Blotters and
spread ont evenly defore rolling the blotier imte a compact dunidle. The
relled~up germinstion Blotter was them labeled with a tag and all the

excess water lightly sgueezed from it before plaeing on end in the



gersination inoubator. The temperature in the incubator remained at
20~25% C. and the Dlottiers were examined daily and moistened whem
aseeesary. At the end of 72 hours the germinated seeds were examined
and gounts werse made. Any ssedes showing no emergence of the hypocotyl
were considered as belng mon-germinated. even thomgh muingr of the
entire seed had taken place. In this manner a large number of germ~
ination testa were rum on materials believed desirable as seed~treat-
ing agents for baeterial bean blighs.

The success of Person and Bigerton in treating bean seeds in-~
focted with dacterial beas blight by using a solution of 1:500 mer~
eury bichleride in 70 per cent ethyl alcohol plus 3 per cent acetie
scid snggested the problem of varying the coancentration of some of the
_ senstitusnts and determining the effect on germination. Table 5§ ghows
the results of germination tests following the use of 15, 30. 50, 70,
and 95 per cent ethyl aleohol contaiming 1:500 mercury bichloride and
1s 4+ o 6 per cunt scetic acid by volume. As may bde seen from the
tadle, germimation was not greatly injured by the treatments until the
Righer acid and alcohol concentratioans were reasched. No slipping of
the ssed m‘ta took place unless the treztment was prolonged basyond
15 sizntes,. while the control seeds trested with tap water elipped
after s 1O-minute treatmeat.

These results suggested further work to detersine the possible
effect of other organic aclds as penstrants in combination with alco-
hol and mercury bichloride. Tsble 6§ shows the results obtalimed when

19.



Tadle 5. Per cent germimation of bean seeds treated with various

materials at timed intervals.

Treatnent ¥ S min., 6 min. 12 min. 18 min.
15% Eth,yl alecohol, 1:500 BgCly = 92 96 90 84
308 . " " e 88 94 96 94
508 * o " " S 72 84 82 80

®
706 * A “ b e 85 88 84 70
5% » " " L we 91 70 88 82
Hg0 ~ Check -4 94 92 100 96
154 Ethyl almhal. 1:800 HgCla ? 92 90 86 88
39’ " " " = 88 98 792 88
508 = # " " * 88 a2 90 66
7206 » " » " -] 82 76 74 70
958 * # » " s 86 56 64 74
Hg0 - Check ; 26 85 92 94
15¢ Ethyl aleohol., 1:500 HgClz & 84 84 76 78
38 * " " * o 72 76 88 76
s0f » » " » 2 88 74 68 42
ok = " " " 2 82 88 56 64
gsg ¢ # . " w 73 72 74 70
Ho0O ~ Check © 92 90 86 as

Tables 6. Per cent germination of bean sgeeds treated with various
materials at timed intervals.

Treatment 3min. 6 min. 12 mir. 18 min.
158 Ethyl alcehol, 1:500 HegGlz 4§ 100 26 98 86
08 o " . " 84 90 90 96 86
508 ¢ " » " g 86 90 923 59
706 * . . “ B 80 84 80 60
o5f @ * u " w 86 82 64 68
Hg0 ~ Check 92 96 90 96
o
16% Ethyl alcohol, 1:500 HgClp | 88 a0 92 68
0% » " " " .a v 84 96 92 64
50% ¢ " * * 28 92 80 78 46
708 ¢ " " " 2 72 76 82 63
osf ¢ " . " * & 70 82 72
Hz0 - Check i 86 98 96 98
154 Ethyl alcohol, 1: aoo HgClz 4 68 64 80 70
2% " " aa 78 64 76 72
s0f » » » " 58 72 66 54 42
708 " L » 29 62 66 56 44
o5% ) " " - 68 66 54 46
<o
96 90 86 80

H20 ~ Check



proplonlc acld was substituted for acetic acid in the above tresting

solution. The higher acid concentrations and prolomged exposure ftime
here, as in the acetic acld treatments, were found tc bave a harmful

sffect on seed germination.

Table 7 ghows the results of germination tests involving the
us® of bensoic acid in the alcohol - mercury bichloride mixture. Some
difficulty was experienced ‘13 preventing the acid from precipitating
and clouding the solutions. particularly in the lower aleoholic dilve-
tions. Since bensoic acid was insoluble ia cold water, a saturated solu-
tion was made by dissolving the acid crystals in 95% ethyl alcohol and
ueing this as s stock solution from which to make dilutions. Six per
ecent benzolc scid was found to ecleud badly in 15 per cent ethyl aleo~
hol and this dilution series was therefore eliminated from the germ—
imation trials.

The narkev& bacteriostatic sction of brilliant green toward
blight bacteria suggested the use of this material im various alcohol
and acid concentrations. A 1:20,000 dilution was selected on the basis
of the results of previous toxlieity tests on pure cultureg of the
blight organism and was used during pert of the germinstion tests in
connecsion with ladboratory tests on the dye. As may bde seen from
Peble 3, the brilliant green ireatment hed little harmful effect on
germination of the treated seed. The 95 per cent ethyl alcohol treat-
ment was eliminated from these testa, dus to iis obvicus injurious ef-
fect on germination in the previous trials. Very little slippiang of the
seed coat was obeerved in any of the ireatments over a lb-minute treat~

ment peried.
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Table 7. Per cent germination of bean seeds treated with wvariocus
materials at timed intervals.

_freatment 3 min. 6 min. 12 min. 18 min.
i8¢ Sthyl aloohol, 1:500 sgclg 8 j200 86 80 83
308 " “ # IR 84 a8 4z
s0f L " " 4 ~§ 93 74 60 64
706 » " W o oa 2 8l 66 78 40 52
o5 . ) " ®in 78 56 28
Eg0 ~ Check | 84 96 98 96
154 BEthyl alcohol. 1~soo agclg o 190 92 84 80
- £ - -
o8 “ L “ & & g 65 66 20
gsf — L] " # ” § ag 50 48 Z8
HpO - Cheek 98 80 100 80
15% Bthyl aleohol. 1:500 HgClg e -
=R P R S S
70§ » . " » §3 78 68 68 66
g5 » " . # S a4 48 45 66
EgO - Check 96 82 88 87

¥Benszoic acid precipitated.

Table 8. Per cent germination of bean seeds trezted with wvariocus
. materials at timed intervals.

& win, 12 min. 18 =min.

!reatnmt
15% myl aleehol. 1: m.aoo br. green e 92 96 80
' 84 78 86
sogf * " « # @ 78 60 54
" " g L] s 3@ ?5 45
Bal - Check 82 86 82
15% Ethyl alcohol. 1:20,000 br. gresn o8 90 78
z0% v . # # " 72 82 78
80f = " " " ® 78 84 67
706 o . “ “ # 83 76 70
E20 ~ Check 98 94 100
15% Ethyl alechol. 1:20,000 br. greenm g0 90 78
L f " L " ”8 82 =8
s0f = " . " . 82 62 70
7208 " “ # . 66 86 74
98 98 96

Hz0 = Cheek




Since ethyl alcobkol was found to give excellent resuvlte in con-
nection with mercury bichloride, it was deemed desirable to determine
whether or not meihyl alcohol might give egually good results as a
carrier for the mercury bichloride or drilliant green. The cheapness
and nop-restricted use of this solvent would be an obvious advaniage
under gommercial $reatment practices. Bean seeds were therefore
treated in varying concenirations of methyl aleohol containing mercury
bichleride and acetic acid. As is shown in Table 9, no great deerease
in germination took place until the longer treatment periods were

reached. The 6 per cent scetic acid treatment was eliminsted, due %o

Table S. Fer cent germingtion of bean seeds treated with various
materiale at timed intervals.

Freatment S min., €wmin. 12 min. 18 min.

L3
15% Methyl alcohol. 1:500 HgClp ‘§ 96 100 94 94
“ " " # ° 92 94 94 94
s04 o 8 u 8 el 80 94 88 92
706 ¢« f “ " @ 90 94 92 88
954 . " " ) 80 88 63 68
B30 =~ Check B 96 96 89 100
@:
15% Methyl alcohol. 1:500 HgClp g 92 86 90 78
308 = " " " 88 96 89 90
504 » " " " - 98 94 96 88
7wt * " “ " o 96 72 88 64
958 » " “ " ] 74 61 64 62
B0 ~ Check w 98 96 96 60




thes injurious effects of acid concentrations greater than 4 per cent.
Some difficuliy was anconntersd with mercury bichloride which tended
to settle out of methyl alcohol solutions after standing for some
time.

The fact that most of the treatments thus far reported eould
not be maed more than 1P minutes without causing ssrious slipping of
the seed coat led to an investigation of bheans for defects in the seed
coat. A numbder of bean sseds were examined closely and all those
showing defects such as cracks or flssures were separated from those
showlag no visible defects. The two sets of seads were them treated
geperately in varying concentrations of ethyl alecohel, brilliant green.
and acetic acid for different periods of time.

The results of these treatments have beem brought together in
Zable 10. The selected sesd showed a remarkable shility to withstand
slipping in comperison with ordinary run seed which exhibited defects
in the eeed coat. ¥No great decrease in germination. however, could
be found betwean the two sets of szeed. It was therefore concluded
that the slipping of the bean seed coats was due to certain defects
in the geed coal 1tself and might possidbly bs remedied by using vari-
ous monm-aqueous solutions as carriers for the toxlc materials. Fre—
liminary germination tests were tried, using solutions of petroleum
ether, di-~ethyl ether., and chloroform. The results obtalned have been

brought together in Table 1l.



Tadle 10,

Per cent of seeds showing slipping of seed coats betwesn selected and non-selected

bean seeds.
3 min, 6 min. 13 win. 18 min.
g F E FE FoeE f
g 1 ¢ 138 ! 8 |
i B of b g b g b
Treatment | S R
16% Ethyl alochol, 1:20,000 brillisnt green R 10 24 X 20 0 26 0 3
30% # " " " " m 0 24 0 32 0 2 10 34
50% " " " " am ¢ 22 10 42 10 .36 10 46
708§ " J N * o ] 6 0 34 10 2% 0 48
HgO - Cheek & 10 24 10 3 10 234 10 B0
15% Ethyl aleohol, 1:20,000 brilliant greem| & 0 24 ¢ 3 0 28 0 38
306 o " " " " 1 & 0 32 1 22 0 3
6o o " " « B8 0o = 2 4 o0 ! 0
206 # " [ " . e 0 2 0 34 0 27 0 33
HgO = Check ) ¢ 2 0 40 0 7 10 32
15% Bthyl alechol, 1:20,000 brilliant green] R 10 28 O 3B 0 2 0 26
0% " o " "I 2 10 ¢ 32 0 34 0 46
50§ » Y " " . 128 10 0O 42 20 3 0 2
086 ¥ . 0 " . P o 2 O ® 0 = 0 BB
g0 - Cheek ° 6 =® 0 2 0 I o 32

‘gc



Takle 11l. Per cent germination of bHean seeds tresied with various
materials at timed intervals.

Treatuent | 2 min. 6 min. 12 min. 18 min,
25¢% Ethyl alechol.

1:10,000 drilliant green 94 a1 88 84
50% Ethyl alcohol.

1:10,000 Bbrilliant green 92 80 70 64
Petroleum ether 94 97 98 82
Rihyl ether g8 96 86 96
Chlorofore 92 88 T4 82
B30 ~ Cheak — | 96 Per ecent

fhese results show that very little decrease in germination
toock place with any of the zbove solutions and no slipplng of the seed

coat tock place after an 18 minute exposure to the soludtions. PFurthesr

work revealed that basn seeds could be trested in any of the three solu-

tiong for as long ss 24 hours without causing the seed coat to slip.
Farthermore, no great decresse in germination took place even after
suck prolonged treatment. The solubility of mercury bichloride was
then tried in the three solutions in a 1:500 concentration and some
variation was noted. Mercury dpichloride wasz found to be very soludble
in di-ethyl ether. insolubls in peiroleam ether, and only slightly sol-
uble in chloroform. On the basis of these data, ehlomfom and petrol-
eum ether were eliminated from consideration as carriersg of mercury bl-
chloride.

Yarious combinations of ethyl alcohol, ether., acetic acid, and
mercury bichloride were tried on seed germination. The resulte are

brought together im Table 12.
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Table 12. Per cent germination of besn seeds treated with various
materiagls at timed intervals.

5 10 16 30 &0 24
Treatment ~___wmin., min. min. min. min. hrs.
15% ethyl alcohol, 1:500 BgCls
90% di~ethyl ether, 3§ acetic acld 92 84 82

20% ethyl aleohol. 1:500 EgClo
70% di-ethyl ether, 3% acetic aetd 94 96 66 88 8 71

508 ethyl aleshol. 1:500 Hgllz
508 di-ethyl ether, 3% acetic acid 85 90 84 78 92 61

70% ethyl alechol. 1:500 Egflp
30% di-ethyl ether, 3f acetic meid 78 73 66 67 80 67

3
&
8

- BpO - Checks 7 94 Per cent

A 24-hour treatment wiih any solution using di-ethyl ether
gave surprisingly good germination, consldering the length of time of
treataent. The ether effectively eliwminated all slipping of the seed
coat and wae relatively non—-toxic except when combined with high sleo~
kol percentsges.

The highly inflammable nature of the ether and chlorcform
broadened the field of search somwhat for a good substitute solvent
not quite so precarious to handle under average conditions. After sew
ersl trials with some materiale of varying degrees of inflammability,
toluene was selected as exhibliting the most desirable properties. Fro-
longed exposures of bean seeds to toluene alone did not cause a great
reduction in germination or cause slipping of the seed coat. Table 13
gives germination percentages obtained in tests using toluene in vari-
ous combinations with ethyl alcohol. brilliant green. gentian violet,

and mercury bichloride.



Table 13. Per cent germination of bean seeds treated with wvarious
materials at timed intervals.

Treataent $ min. 15 min. 30 min. 60 min.

135,000 Gentlan violet,

1/4 ethyl aleohol, 3/4 tolueme 76 52 82 42
115,000 Brilliant green,

1/4 ethyl alechol, 3/4 toluenme 74 68 74 82
1:500 HgCla.

15% ethyl alechol, 858 toluene 66 74 66 50

HgO - Cheek 80 Per cent

ey P it nlieiepc P R TT e - g e e R S TS
1:50C HgCla, df-~ethyl ether 96 96 90
Chloroform | 95 95 94

Ho0 - Check 96 Per cent

The low germination percentsages are possibly due to the low
viability sesd lot used in thisg test:. since the checks themselves only
gerzinated 90 per cent.

Further experimentation using toluene to elimipate seed coat
slipping was carried out after laboratory teste revealed that a 1:1000
concentration of brilliant green might be more effective toward the
%light bacteria. The resultis of these trials are given im Teble 14.

The germination perceantages shown in Table 14 substantiate the
contention that toluene is not averly injurious to germination of bean
seeds. In these tests methyl aleohol was substituted for ethyl alecohol
and a new constituent. glycerine, was introduced. GClycerine was found
to eliminate seed coat slipping Just as well as som® of the nom-aqueous

solutions used and also resdily formed combinations with materials uased



Table 14, Per cent germination of bean mecds treated with various
materisls st timed intervals.

1:1,000 Brilliant green,

1/2 methyl sleohol, 1/2 toluens 86 87 80

1:1,000 Brilliant green,

1/23 Hx0, 1/2 glycerine 94 82 o4

331,000 Brilliant green,

1/2 glycerine, 1/2 methyl alechol 82 98 96

121,000 He€lp, 2§ HCL,

1/2 methyl alechol, 1/2 glycerine 90 94 96

1:1,000 Brilliant green, 2% HC1,

1/2 methyl aleobol, 1/2 glycerime 92 90 98

1l: 1.090 wg}

1/2 glycerine, 1/2 HD 98 97 = 94

1:1,000 Hglla,

1/2 metnyl alcohol, 1/2 soluens 94 S0 78

1:1,000 Hglla,

1/2 methyl alechol, 1/2 glycerine 100 98 98
Chezk ,, , _96 per cent

previcusly in the seed treatments. As seen in Tzdble 14, none of the
combinations of materials used in these tests coused great decresss in
germination or slipping of the seed coat. Hydrochloric scid was sub-
gtituted for the amcetic acid, since it was thought that the more high-
1y lonized acid might be a factor in making some of the constituents
more toxie.

Since most of the trestments glven laboratory germination teste

gave no immediate decrease ia germination, it was deemed desirsble to



find out what effect a prolonged storage period might have on treated
bean seeds. Three treastments were accordingly selected early in the
experimental work. made up of the following constituents:

{1) 1:500 mercury bichloride im 50% ethyl alcohol plus 4% acetic aeid.

{2) 1:500 mercury bichloride in 50% ethyl alcohol plus 4% propiomie
acid.

(3) 1:20,000C brillisnt green in 50% ethyl alcohol plus 4% scetic scid.
Checks were composed of seeds sosked in tap water. All of the sbove
treatnonts were for 15 minutes. For each treaiment 325 grams of
Bountiful bean zeed were weighed and covered with 200 cc. of solution.
After 15 minutes the solutions were drained off snd the peeds spread
out to 4dry om paper toweling. A germinstion test was run irmediastely
after treatment on 100 seeds. The remainder were placed in guart jars
witk loosely-cepped tops end stored at room temperaturs. As shown in
Table 15, occasional germination tests were run over s period of seven
nonths.

Prom the data obtained, 1t would appear that no appreciasble
decrease in germination toock place after treating bean seeds and the
geeds could be safely kept in storage over a comnsiderable time period

after treasing.



Table 186. Per ceni germinstion of bean seeds over a prolonged
storage period.

Late of Examination

Treataents 2/18/39 2]26]39 &]12/39 BJ10/35 9/4]29
11500 HgClo.
50% ethyl alcohol. 73 83 88 75 80
4% scetic acid
1:500 EgCl2,
S0% ethyl slcohol, 81 73 80 80 74

4% propionic acid
1:20,000 Brilliant green
50% ethyl alcohol 85 80 83 87 8o
4% acetic acid

Check 89 96 a6 80 90




FIELD PRIALS

Laboratory tests revealed *khat certain disinfectant materiale
might be worthy of fleld trigls and these were %ried during the spring
and fall of 1939. A total of seven plaati&gs was made during the spriag
at spproximately ten-day intervals. Pive f2ll plantings were also
made the same yesr. Disinfectant solutions were msed st varicus con-
centrations and time intervals. Diseased seed lots were obtalned from
several coamerclal seed compenlice which had received blighted seed
from their own or sontracted fields in some of the western seed-grow-
ing aresas. The fellowing seed lots wore used at eome time or other
in the fiald trials.
kot No. 1. Full Messure Stringless, "Heawy blight" according %o the

grower, dut found %o contsain only moderate blight umder
the field conditions of these experiments.

Lot Ko. 2. Asgrow Black Valentine, "Hesvy blight" according to the
grower and substentiasted by field $risle.

Lot NHo. 3. Asgrow Black Valentine, ®Heavy blight? secording to the
grower aznd checksd sg such in field trizls.

Lot Bo. 4, ZBEound Pod Kidney Waxzx, "Heavy blight" sccording to the
grower and found in fileld trizls to be fairly heavily in-
fecteod.

Lot No. 5. Asgrow Blsek Valentine, "Heavy blight,® sccording to the
grower. Sgeds arrived in the spring too late for am

- acenrate field check of blight prevslence.
Egqusl quantities of welghed seeds wore used for each treatment
plot in each plenting. The weighed seed portions for each field treat-
ment plot were treated in the laboratory prior to being tsken to the

field for planting. The seeds were placed in wide-mouth Jars and



soversd with the treating solution for the desgired length of tims.
After the desired treztment time had elapsed, the treating solutions

were poured from the seed through a screen sirainer snd the seed spread

out on psper toweling to dry before taking to the field im laheled
paper bags.

All planting was donme by hand, dropping the beans at spproxi-
mately I to 1 1/2 inch intervals in the row. The treatment plots for
eny particular plantiang were grouped together but the groups were
separsted from each other by barrier rows of some ether crop such as
potatoes or pess. Check plots were usually placed adjascent $o the
treated plots but separated from them by barrier rows. ¥This srrange-
ment placed all plots under more or less similar environmental condi-
tions snd 2% the same fime prevented too great spreasd of blight during
the early stages of plent development when aeteé on primary iafection
weare taken. Blight spread due to secondary infection from diseased
plots when the plasmts were mesturing and beginning to touch each other
could not be sdequately controlled and no grest asmount of importance
was attached to this type of infection, since comtrol was bssed on
eliminating the primery infection g= a :haans of preventing secondary
spread.

Bacterial besn blight counts were made sfter the seedlings had
emerged sznd were zbout six iaches tall. At this stage only the first
two simple leaves had emerged and were fully developed. Ko trifoliste

lesves hzd opened. All plants were closely exsmined at thie stage of



developunent and any infection found on the leaves, either upper or
lower gide, was considered sufficient evidence that the plant had srisen
from dlseased seed and that, in consequence, the iafection should be
deaignated a8 primery. It was considered umlikely that much second-

ary spresd sad dérs?.ﬁpmt of the baeteris would heve tskea place at
this early stage of leaf development. XEzaminstions of traatsd plots
were mede firet and the checks or blighted plots last in order to
eliminate spresding the bacteris from diseased %o healthy plants by
hasdling.

After counting the number of blighted plantsg in esch row,
stand counls were made on the entire pleot and the percentsge of in~
feetion calculated for each treatment and check plot. Feriodie sxam~
inations wers made on the various plots in order to note the develop-
ment made by plants treated wiih the various materisls snd slsgo the
incidence of possidle secondary spresd. In gemersl, plots shewing
marked differences in infection slso showed striking differsnces in
plant vigor and consequently in set of fruit. Yield dats were later
taken from several of these plantinge by plcking the saszp beans at
their best market stage of develeopment.

Late plantings of besns, particularly alter the middle of
April, gave poeor sets of frult =2s well as low blight infections, due to
the onszet of hot, dry weather. Fsll plantings likewise gave very low
blight infection im heawvily-diseased lots, probably due %o the high

fall temperatures and the extremely dry weather of this season. The



data on control of blight with vearious seed treatments ie taken wp
for indiwidusl plentings in the pages that follow.

Planting No. 1

On March 1, 1939, a plenting was made using Full Measure
Lot Ho. 1 seed only. Four irestments and a dry and wet check were
used. The tresting sgents were made uwp as followe im 500 ce. portions.

(1) 1:500 mercary bichloride in 70% ethyl slcohol plus 3% acetic acid.

(2) 1:500 msreuary bichloride in 70% ethyl alcohol plus 3% propteaic
seld,

(3) 1:20,000 drilliant green in 50% ethyl alcohol plus 3F acetie
aecid.

{4) 1:20,000 gentisn violet in 50% ethy) alcohol plus 3% secetic acid

For each treatment 685 grams of eeeds were used and allowed to remsin
in the treating sclution for 12 minutes. A wet check was sosked in
tap water for 12 minutes while a dry check was left untreated. After
treatunent each seed portion was spresd out on paper toweling znd allow-
ed to dry before taking to the fileld plots. Hsch plot was composed of
five rows 35 feet long. The plots were laid out end to end with a
three~-foot space betwesn the row ends of one plet and those of the
rext. Cheek plote were placed sdjacent to the treated plots but sep-
arated from them by five barrier rows of Irlish potatoss. Previous to
planting, 100 seeds of each treatment were retained for leboratory

germination tests. The results of these tests were as follows:



»

. 3 — 9%

» 4 - 96%
¥ot Cheok - 95%
vy Cheek - 1008

Blight counts were made on Harch 25 and stand counts on

Nareh 30. Tadle 16 indicates the mumbder of plants in each row giving

typlesl blight lesions.

Table 16. Intital infection ocourring in sead tresimente for

Planting Fo. 3}

Total
sunber Blighted
Treatment _ ) planks plents
1:500 Hgllp in 70% ethyl slcohol
+ 3% acetls scid 1410 4
1:500 Hells in 70% ethyl aleohol
+ 2% propionic acid 1599 8
1:20,000 brillisnt green in
50% ethyl alcohol 1298 6
+ 3% acetic seid
1:20,000 gentisn vioclet in
50% ethyl sleshol 1332 3
+ 3% ascetic acid
Wet Check 1041 48
Dry Check 1656 4

Since the infeection was so low in the zbove seed lot, no in-

fection percentage was caleculsted, since it would have been so slight

a8 to have had little significance.

As the seasson advanced, notice~



able differences became evident between the trested and chegck plots.
Thege msy have been due 1o latent infections becoming expressed under
nore favoraeble eanvirommental conditions or to secondary spread from
the primary infected plants. The former explanation would scem to

s more logical in that secomdary spread would tend to distribute the
blight mere or less uniformly over the plots rather than just in the
cheek plots. These differences became more pronounced as the season
advenced, anl as & result it was declded %o take yield tests from

the plots and determine whether the treatsd plots might not be more
productive than the untreatsd. Two of the five rows of each plot were
plicked clean af all marketable snap beans and the welighis taken for
each plot. The picking was made on May 11 and the weights in pounde

of green beans are shown in Table 17.

Table 17. Yields of green beasns for Planting FNo. 1.

Treatment » » Yield 4n 1bs.
1:500 HgCls in 70% ethyl alcohol 2.8

+ 2% acetic acid *
1:600 HgClz in 70% ethyl alcohol 18.0

+ 3% propionic aeld

1:20,000 brilliant greem in 50% ethyl alcohol 26.5
+ 3% acetic acid .

1:20,000 gentisn violet in 50% ethyl alcohol

+ 3% scetic acid 24.2

Wet Checlke 15.9
Dry Cheek 15.7




Planting Ko. 2

Four seed lots were used in a planting made on Hareh 9. 1939.
The varieties for each lot were as follows:
Lot Fo. 1 ~ Full Meassurs
Lot No. 2 -~ Asgrow Black Vglentinme
Lot No. 3 - Asgrow Black Valentine
Iot Fo. 4 - Hound Fod Kidney Wax
Pive treatm=ents and a wet check for each seed lot were used
in this planting. The treatments were all in one block with the ex-
ception of the treatment using 1:500 mercury bhichloride inm 70 per cent
ethyl alcohol plus 3 per cent acetic acid. This treatment was isolat-
ed from the other treatmentis and placed in s different part of the
field in order to test it more theoronghly and glso to remove possible
chances of spread of bacteria frfrom the new and untried treatmentas.
The four seed treatments tested together in the fleld were
as follows:

- £1) 1:500 mercury bichloride in 70% ethyl slecohol plus 3%
propionic acid.

{2) 1:20,000 brilliant green in 50% ethyl alcohol plus 3%

(3) 1:20,000 gentian violet in 50% ethyl alcohol plus 3%
acetic acid.

{4) 1:800 mercury bichloride in éi-ethyl ether.
The ether treatment was added becausze laboratory tests had
previcusly shown that nom-agueous solutions such as ether kept the

seed coat from slipping. even if the seeds were soaked in such a solu-



tion for an indefinite period. BEther alec had the property of readily
4l ssolving mercury bichloride and not causing any appreciable reduc~
tion in germinatlion over a fairly long tresiment period. The highly
inflammable nature of ether placed some restriction on 1ts use unless
1t was handled in the asbsence of a flame and with proper aeration.

A Z75~gram sample of each of the four seed lots was weighed
out for each of the four treatments and checks planted together. Eaeh
treatment wae for 12 minutes. including that of the wet check which
wag scosked iIn tap water for the reguired time. After the seedes had
been dried on paper toweling, they were taken to the Field and planted
in pleots of six 16~foot rows with a 3foot space bBetween the ea%p of
adjoining ploits. The treated and chegk plots were separated 105%1—
tudinally from each other by means of several barrier rows. The iso~
lated plot was planted with 625 grams of each of the four seed lots
treated 12 minutes with 1:500 mereury bichloride in 70 per cent ethyl
alechol plus 3 pexr cent acetlic secid. The came amount of seed was used
for ecach of the cheek lots which were separ=ted from the Srezted rplots
by several bharrier rows. ZEaeh plot for treated and check slike wase
eomposed of five 35~foot rowe with a 3~-foot space between the ends of
ad jeining plots.

Blight counte on all treatments were made March 20 and stand
counts orn March 20. Tables 18 and 19 give the relative blight per-
eentages for the treated and check plots used in this planting. %The
excellent contrel cbtained is shown in the photographs of "treated®

and funtreated?” rows shown in Plate 1V, figures 1 to 4.



Table 18. Initial infection ocourring in seed treatments for Planting No. 2.

Iot 1

Tot 2

Lot 3

Iot 4

Total Dis. vﬁé '

Total Ds. %

Total Dis. ¢

Total .m3¢ %

Treatnent

1002 0 .00

801 O »QC

1086 @

'-QG

780 0 (¢

12 min. in 1;500 Hgllp

in 704 ethyl aloohel +
3p propionic acid

1081 0 00

936 O .00

1028 2

‘e ie

12 »in. in 1:20,000
brilliasnt green in 60%
ethyl algohol + 3%
agetic acld.

928 1 10

7% 1

.09

84 0 .00

12 min. in 1:20,000
gentian violet in 50%
ethyl alechol + 3%
acetic soid

1134 0 .00

929 0 .00

1006 1

08

928 0 .00

12 min. in 1:500
HgCls in di~ethyl
ether

1117 42  3.78

917 €08 56.3‘

1097 326 29.8

891 236 26.4‘

Check

‘ov
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Table 19. Initial infection occurring in isolated acetic asid treatment, Planting No. 2.

lot 1 Iot 2 lot 3 lot 4
Total Blight Total Blight Total Bl}ggt Tote,l Blight
Total
piante 1408 0 1508 0 1767 1] 1223 0
Per gent
blight .00 .00 00 .00
Checkes
Total
plants 1668 15 1508 254 1780 206 1429 79
Per cent

blight -89 16.8 12.01 b.48

A4



The striking control of primary bdlight infection in this plant~
ing by the varions treatments led to the helief that there might alse
be great differences in the yield of green beans between treated and
antreated plots. Bandom rows were therefore picked in the treated and

cheek plots from May 9 to Nay 1l and the weighis recorded in pounde as
shown in Table 20.

Table 20. ﬂelde in pounds of greem beans for Planting No. 2.

__Iat1 _ Iot 2 Lot 3 __Iot 4
r. 3 fr. 4 Tr. 3 Tr. 4 Tr. 3 Pr. 4 Pr. 3 Tr, 3
19.0 28.2  21.7 26.5 24.0 29.5 33.8  44.5

Tr. 3- ¥r. 2 ™r. 1 r. 2 T'r- 1 Tre 2 %;c 1 ?Z‘o 2

2A.3 22.2 20.6 26.0 22.5 27.8 22.7 38.4
Check 4 Check Cheek , - Cheek
4.0 3.7 7.7 10.9

Acetic gecid treatment

let 1 lot 2 ‘ ot 3 ot 4
18.0 i7.9 20.4 23.7
Cheek _ Cheek Cheglc Cheek
3.8 6.3 5.9 11.4

Planting No. 3

Each of the four previous seed lote were used in a planting

made on iarch 23, 1932. Eight treatments of the folleowing composition

42.
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were used. the treatment time deing glven for esch treatment.

{1) 12 minutes in 1:500 mercury blehloride im 70% ethyl alco-
kel plus 3% acetie actid.

{2) 12 minutes in 1:20,000 gentian violet izm BOE ethyl alecohol
plus 3% acetic acid.

{3) 12 mimutes in 1:20,000 brilliant green in 50% ethyl alco-
kel plus 3% scetic acid.

(4) 10 mimutes in 1:500 mercury bichloride in equal portions
of s 958 ethyl alcobol - di-ethyl ether mixture.

{6) 6C minutes im 1:500 mercury bichloride in egusl portions
of a 95% ethyl alcohol - di-~ethyl ether mixture.

(6} 10 minutes in 1:500 mercury bichloride in egual portions
of a 95§ ethyl alcohol - di~ethyl ether mixture plux 1% scetic acid.

(7) 60 minutes in 1:500 mercury bdbiehloride in equal portioans
of a 95% ethyl slcohol - di-ethyl ether mixture plux 1¥ scetic acid.

{(8) 12 minutes in 1:50C mercury bichloride in = mixture of
70% ethyl aleohol - 30% di~ethyl ether.

Checks of cach seecd lot were sosked in tap water for 12 min~
utes. TFor ssch treatment, 218 grams of each seed lot were used. The
seede were planted in plotm of four rows 18 feet long with 1 1/2 foot
spacing between the ends of the plots. A 326-~gram semple of secd was
uged for each of the check plots, which were made up of three 36~foot
rows with 3 1/2 foot spacing between the ends of the plots. Thus the
36-foot cheeck plots were leid out end to emd the length of the field.
Since the treated plots were one—hslf the length of the check plots.
two treated plots for e:ch seed lot could be laid to the length of one
cheek plot. Thus the treated plots were lald in pairs the width of

the field for each seed lot. Several barrier rows were left between



the check plots and the nearest treated plots. with one barrier row
between treated plots.

Blight counts were made on this planting on 4pril 7. As will
be seen from the results given in Table 21, some reduction in blight
took place due to extremely cool weather during the emergence period
of the seedlings. Heavy raing Just prior $o making blight counts al-
g0 caused dirt to spatter up on the leaves and obscure isclated end
amall infection areas. later field observations revealed heavy gen-
eral infection spresd through the check plots with only minor and spor—
adie infection centere in the treated plots.

Yield tests of green hesns were made on the plots by pleking
the two inside rows of each treated plet and two of the three rows

in the eheck plots. As may be seen from Table 22, appreciable differ-
ences in yield were obtalned.



Table 21.

Initial infection ogourring in seed treatments for planting Fo. 3.

Iot 1

Total Mis. &

Lot 2
¥ﬂ§l1 ﬁ!o ;

lot 3 lot 4
Totel Dis. 7 Wotal Dis, %

frestment

679

0

0.0

570

0

0.0

641

0.1

488

0

0.0

12 min. in 1:500 EgCls
70% ethyl slsohol +
3% acetic avid

651

0.0

563

0.0

651

0.3

476

0.0

12 min. in 1:120,000 gen-
tian violet, 50% aleohol
+ 3% acetic acid

611

Q.1

563

0.0

628

C.3

803

C.0

13 min. in 1:80,000
brilliant green, 50%
ethyl alcohol + 3%
ascetic acid

664

0.0

642

0.1

856

0.0

473

0.0

10 min, in 11600 Hgllp
1/2 di~ethyl ether,
1/2 sthyl alaohol

625

0.0

549

0.0

584

0.0

471

0.2

60 min, in 1:500 HgOlg
in 1/2 di-ethyl sther,
1/2 ethyl alegohol

654

0.0

&77

0.0

633

c.1

468

0.0

10 min. in 1:800 HgCls
in 1/2 di-ethyl ether,
1/2 ethyl aloohol +
1% acetic acid

623

0.0

836

0.0

613

6.0

466

0.0

60 min, in 1:500 HgClp
in 1/2 di-ethyl ether,
1/2 ethyl eleohol +
1% acetie acid

647

0.3

666

0.0

6860

0.1

631

0.1

12 min, in 1:600 Hgllpy
in 708 ethyl alechol
30% ether

866

0.5

861

4.9

pa?

83

8.8

774

42

B.4

Cheek

id



Tadle 22. VYields in pounds of green beans for Planting No. 3.

let 1

Ios 2

lot 3

Iot 4

Treatment

9.2

11.0

13.2

15.3

12 min. in 1:500 HgClp in 70%
ethyl alecohol + 3% acetic acid

12.2

11.8

11.8

19.0

12 min. in 1:20.000 gentian
violet in BO% ethyl alcohol +
3% acetic seid

12.5

18.0

20.2

12 min. in 1:20,000 brilliant
green in 50% ethyl alcohol +
2% acetie acid

18.0

14.5

12.0

16 min. in 1:500 HgClg in 1/2
95f ethyl alcohol, 1/2 ai-
e@ ether

11.5

9.5

g.5

15.3

60 min. in 1:500 HegCls im 1/2
95% ethyl alcohol. 1/2 41~
ethyl ether

13.0

1l.4

13.0

9.2

10 min. im 1:500 HgClz in 1/2
95% ethyl alcobol, 1/2 di-eth-
y1 ether + 1% acetic acid

11.8

8.8

10.0

10.3

60 min. in 1:500 HgClz in 1/2
di-ethyl ether + 1% acetic
acid

13.5

8.2

10.0

10.3

12 min. in 1:500 HgClg in 70%
ethyl alcchol and 30% di-ethyl
ether

8.8

5.8

6.9

6.9

Cheek




Flanting No. 4

In this plgnting seed lots 2, 3, and 4 were used, since
iot ¥o. 1 from previous tests was found to be only lightly infected.
Four treztments were used in a planting made on April 6, 1939. Two
series of tests were rum. ome treating each of the three seed lots
for 12 minutes, and the other treating lot Ho. 4 only with the four
treating solutions bdut for varying time intervals. The following
solutions were used:
{1) 1:800 mercury bichloride in 70% ethyl alecohol plus 3% acesic acid.
(2) 1:20,000 gentian violet in 50% ethyl alcohol plus 3% acetic acid.
{3) 1:20,000 brilliant green in 50% ethyl alcohol plus 3% scetic acid.
{(4) 1:500 mercury bichloride in di-ethyl ether.

¥For one s-ez';iea» 350 gramns of each of the three seed lots wers
ueed in each treatment. All seeds were trested as previously. at 12
minutes, including & wet check soaked in tap water. A dry check of
eagh seed lot was alsgo used. The trested seeds were planted inm plots
of six 20-foot rows such that plote one and twe were end to end.
with a eix-foot space between the ends of the plots. Flots one and
two were zdjacent to plots three and four which were likewise placed
end to end in a manner similar to plots one and two. Thus each seed
' lot wes represented by a square block of four treatments. 4n eight-
foot space separzted the plots of one seed lot and those of the next
geed lot. Wet and dry checks for each sced lot were plantad in

plots of four 20~foot rows adjacent to the treated plots for that



particular seed lot but separated from the treated plots by several
barrier rows. The dry ard wet check plots for each seed lot were
Placed end to end dut separated from each other by a six-foot epace.

The time treatments were run using the same solutions but vary-
ing the time of each treatment. Zach treatment and time tes$ requived
& 175~-gram saxmple of lot No. 4 seed. Each treatment was run at a 4,

8, or 12-minute pericd. After treating. the seeds were tsken to the
field and planted in plote of three 20-foot rows in s manner similar
to the preceding tests. such that each set of four trestments at a
certain time interval was arranged in a equare with two sets of treast~
ments end to end snd adjecent to the next set. The ends of two treated
Plots were separated by & six~foot spasce. Each complete set of treat-
ments was separated from the next by an elght-foot space. The same sed
ef checks was used in this and the preceding test.

Blight counts on the treatments were made om April 28. As
gshown in Tables 23 and 24, considerable blight developed in the checks
while the treated plotsz remsined relatively free of digease. The
tables give the counts based oa primary infected plants.

Since gonsidersble difference was evident between the treated
and cheek plots, not only iz blight imfection but also in subsequent
vigor of plante, yield tests were made by picking the green beauns at
their stage of highest marketable value. Green beans were picked only
from the treated plots of the three seed lots and .fom' treatments, as
jg ghown in Table 25. The four inside rows of the gix rows in each

plot were picked and the welght in green beans taken. The two inside

48.



Teble 23.

Initial infection ocourring in timed trestments for Planting Ro. 4.

2

4 minutes 8 minutes 12 ainutes
Totel Die. Total Dis. % al Dis. Treatnent
8 0 .00 8® O .00 38 0 .00 1600 Hglly in 70f ethyl aleohol + 36
| acetic aslid — _
1120,000 gentian vielet in 504 ethyl
30 & 1.38 38 0 .00 3 3 85 )oohol + 0% aoeble seld
1:20,000 brilliant green in 504 ethyl
33 0 .00 M0 .00 0 0 .00 yoo) ¢ 56 acetde aetd
394 0 ,00 426 1 .28 2?1 1 .28  1:500 EgClp im di-ethyl ether
Table 24. Initigl infection ogcurring in seed treatmentes for Flanting ¥o. 4.
Lot 2 lot 3 lot 4
Totel Die. % Total Dis, %  7Tobal Dis, # | Treatment |
12 min, in 1:500 HgClp in 70% ethyl
%2 0 .00 086 3 .28 M6 0 00 TN + 3% asetie acld |
_ 12 min. in 1:20,000 gentian violet in
926 6 .64 1041 12 1,18 Blg 1 .12 50% ethyl_aloohol + 5% seetic aold
898 0 .00 003 .8 ; . 12 min. in ):20,000 brilliant green in
| wos ¢ .0 809 2 o 504 ethyl aleohol + 3% acetic aoid
9686 0 .00 1026 4 .3 83 2 .22 12 m;n. in 1:500 HzClp in di-ethyl
_ , __Bther ,
931 316 33.9 1018 446 43.8 808 445 65.19 Web Check
943 4 1029 128 12.1 858

21 2.44 Dry Check

‘6%



Table 25. Yields in pounds of green beans for Planting No. 4.

lot 2 lot 3 Iot 4 Treatment

35.4 30.6 21.9 12 min. in 1:500 HEgllg im 70%
ethyl alcohol + 3% acetic ecid

31.8 23.2 19.0 12 min. in 1:20,000 gentian wviolet
in B0% ethyl alcohol + 3% acetic
acid _

34.7 34.3 24.8 12 min. in 1:20,000 brilliant green
in 50% ethyl alechol + 3% acetic
acld v

36.3 24.0 23.8 12 min. in 1:500 HgClp in di-ethyl
ether

8.3 8.2 9.0 Dry Check

rows of the four check rowe were likewise plcked and weighed. Sinece
the same amount of seed was used in the four check rows as in the
six treated rows. the ylelds had to be balanced accordingly. %The
weights in pounds of the checks were therefore multiplied by 2/3

in order to make the weights of green beans in the checks comparable
with that of the treated plots. The gualify of beans in the treated

plots was much better than that in the checks.



Plantig No. 5

Iots No. 2 and 4 were used in a planting made on April 13,
1938. Sixteen treatments were used, mostly of individusl materisle
to deteralne the effectiveness of the separate materials msed in the
previous treatments as toxic agents in the contyel of bacterisl bean
blight. For each treatment 170 grams of seed wers used, all treat~
ments being carried out for 12 minutes with the exgeption of the wet
chegck which was treated for only 10 minutes. The treatments used were
as follows:
(1) 70% ethyl alechol alone.
{2) 70% ethyl alcohol plus 3% acetic acid.
(3) 1:500 mercury bichloride in 70% ethyl alcohol.
{(4) 1:500 mercury bichloride in 70% ethyl slcchol plus 2% acetic acid.
(5) 3% seetic acid in water.
{6) 1:500 merecury bichloride in water.
(7) Chloroform alone.
(8) Di-ethyl ether alome.
{(9) Petroleum ether alcme.
(10) 1:20,000 gentian violet in water.
{(11) 1:20,000 brilliant green in water.
(12) 3% propionic acid in water.
{(13) 50% ethyl alecchol alone.
(14) 1:500 mercury bichloride in chloroforam.
(16) 1:20,000 brilliant green in 50% ethyl alcohol.

(16) 1:20,000 brilliant green in 50% ethyl sleohol plus 3% acetie acid.

51.



There was also a dry and wet check for esch sesd lot.

After treating and drying on paper foweling., the seeds were
taken toc the fleld and planted inm plots of four rows 18 feet long.
with a ome-foot space between the ends of rows separating plots.
Each seed lot was represented by a series of four treatment plots
placed end to end and in a lateral gseries of four plots so thaﬁ each
geed lot was made up of a block of l6~treatment plots. The check
plots were composed of two 18-foot rows with the plots laid out end
tc end. A four-foot space separated the ends of adjoining plots.
Several barrier rows were used %o separate the “treated and 'antreated"
plots.

Blight and stsnd eounts were made from Mey 1 to May 4. TVery
low infection was recorded in the plois, probably due to one oy more
of several faotors. The latemess in the season and the hot weather
andoubtedly inhibited the development of the blight organism, as well
as the best development of the bean plants. The seed was planted at
2 %time when the zoil was extremely dry and mo rain fell for a con~
sidergble length of time thereafter. These clrcumstances have been
shown previously to be unfavorable for the development of bean blight.

¥o data were compiled for this or the remaining two plantings,
which also developed very little blight and therefore gave no index
&8 to the control being effecteé.an blighted seed. Thesge observa—
tions substantiate previous investigations zs to the necessity of

g0il moisture and high humidity for the best development of the bean
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dlight organiam. These results were further borne out in the fall
plantings of the seme year.

¥all Plantings, 1939

Laboratory tests carried out after the results of the spring
plantinge of beans suggesied that toluene might be a good nom-agueous
earrier for the brilliant green or mercury bichloride. The following

six treatmente were therefore used during the fall plantings.

{1) 1:500 mercury bichloride irn di-sthyl ether.

{2) 1:500 mercury bichloride in a mixture of equal porticns of 95%
ethyl alechol and toluene.

{3) 1:20,000 brilliant green in a mixture of eguel portions of 95%
ethyl alcohol and toluense.

{4) 1:500 mercury bichloride in a mixture of equdl portions of 95%
ethyl alcohol and di-ethyl ether.

{5) 1:800 mercuric eyanide in a mixture of equsl portions of 95% ethyl
alcohel and toluene.

(6) 1:500 mercury bichloride in 70% ethyl aleohol plus 3% acetic acid.

All of the above treatmentis except the latter were carried
out for 30 minutes. The acetlic aclid treztment was carried out for
12 minutes. Five plantings were made during the fall of 1939 on the
following dates: September 8, 16, 24, 25, and October 13. The same
procedure was used in these treaiments and plantings as in the spring
geries. Digappointing results were obtained as far as any blight

development was concerned. The hot. dry weather of the fall season



in louwleiana was extremely unfavorable for the development of blight
and the observations made on these plantings amply corroborated other
works particularly that of Edgertoas in showing that fall-grown beans
usually escape blight infection in loulsiana. HNo accurste conclu~
sions or results could therefore be given on any of the fall plant-
ings, since in wmost cases the heavily-infected seed lots in the spring

Plantings showed very little or no blight infection.

Spring Plantings, 1940

Seversl plantings were made during the spring of 1940 in which
some new seed lots and treatments were tested. The seed lots used
were as follows:

Iot Ho. 5 ~ Asgrow Black Valentine, western grown, found %o
be lightly infected in field trials.

Iot No. 6 - Round Pod Xidney Wax, western grown, found to de
heavily infected in field trials.

Iot Bo. 7 - Asgrow Black Valentine, western grown, found to e
heavily infected in field trials.

Iot Bo. 8 - Bountiful, purchased on the open market, source
unknown, found %o be very lightly infected in field trisls.

lIot Fo. 9 - Black Valentine, purchssed on the open market.
spurce unknown, found to be wvery lightly infected in field trials.

?he seed trestments used during 1939 were revised somewhad for
the 1940 plantings in an attempt to increase toxicity and length of
treatment time. Glycerine was introduced as a carrier for the toxzie

materials since lsboratory tests showed that a 50 per cent solution of
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glycerine was capsble of preventing seed coat slipping over a periocd
of at least one hour. The concentration of drilliasnt greenm was in-
ereased %o 1:1,000 since 1t was assumed that the more concentrated
solution should be more effective and less lisble to dilution within
the seed. Methyl alcohol was introduced as a substitute golvent to
replace ethyl alcohol in combinationms with toluene and glycerine. All
solutions were made up in liter portions.

The first planting was made on March 2, 1940. ueing seed lots
8¢ 60 7, 8, and 9. The following solutions were used as treating
agenta.

(1) 1:1,000 brilliant green in a mixiurs of equal portions of
95% methyl alcohol and toluene.

{2) 111,000 Brilliant green in a mixture of equal portions of
glycerine and water.

{3) 1:1,000 brilliant green in a mixture of equsal portions of
95% methyl alcchol and glycerine.

{4) 1:1,000 mercury bichloride in a amixture of equsl portions
of 95% methyl alcohol and glycerine plus 2§ hydroehloric acid.

(5) 1:1,000 brilliant green in a mixture of equal portions of
95% methyl alcohol snd glycerine plus 2§ hydrochloric acid.

(6) 1:1,000 mereury bichloride in a mixture of equal portions
of glycerine and water. 4

(7) 1:1,000 mercury bichloride in a mixture of equal portions

of 95% methyl alcohol and tolueme.



{8) 1:1,000 mercury bichloride in a mixture of equal portions
of 95¢ methyl alechol amd glycerine.

(9) 1:20,000 brilliant green in 508 ethyl alcohol plus 3%
acetic acld.

(10) 1:500 mercury bichleride in 70% ethyl alcchol plus 3%
acetic acid.

A sample of each seed lot weighing 147 grams was used for each
of the 10 treatments in this plamting. All seeds wers trested for 30
minutes in the lshoratory before planting. A wet cheek of ezch seed
lot obtaired by treating the seed in tap water for 10 minutes and a
dry cheek without any treatment were included in the test. BRach seed
lot was represeanted by 10 Mreated® plois and a dry and wet check plet.
Individual plots were made up of four 15~foot rows. The “treated®
series of plots were geparated from the chegk plots by three barrier
rows.

Blight counts were msde oan March 27. .& heavy rain at the time
the seedlings were emerging packed tke soil imtc a crust so thatl many
of the plants were broken in attempting to force their way through the
hard ground. A poor stand resulted and may sccount in some measure
for the low blight counts since the severely blighted plants would
have had difficully in emerging, due to thelr weskened condition.
Blight counts are brought together in Toble 26. No gtand counts wers

made, due to the poor distribution of plants in the plots.
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Table 26. Numbers of blighted plants in various treatments, Flanting Fo. 1, Sprimg 1940,

Iot 6

lot 8 Iot7? lLot8 lot® , Treatnent
2 0 6 0 0 1:1,000 brilliant green im 1/3 methyl alcohol,
| | 1/2 toluene
2 0 1 0 0 131,000 brilliant green in 1/2 glycerins,
| }/2 water |
0 0 4 0 0 111,000 bzillisnt green in 1/2 methyl alcohols
| 1/2 glycerine ;
0 1 2 5 14 111,000 mercury blekloride in 1/2 methyl
| _ _ aleohol, 1/2 glyeerine, plus 26 HOL
0 1 3 0 ) 1:1,000 drillians green in 1/2 methyl alochol,
| _1/2 glycerine, plus 24 HOL
B 0 1 0 0 1:1,000 meraury bishloride ia 1/2 glycerize,
__ 1/2 water _ B
0 0 0 0 1 1:1,000 meroury bishleride in 1/2 methyl
| . aleobol, 1/2 toluene . .
0 4 3 0 0 1:1,000 meroury bichloride in 1/2 methyl
| _ , __algohol, 1/2 glycerine
4 0 3 2 2 1:20,000 brilliant green in B50% ethyl aleeohol
- plus 3F scetic seid , __
0 0 15 0 1 1:500 mereury dichleride in 70% ethyl aleohol
plus 3% acotic asid _ |
13 16 13 0 1 Dry Check
32 71 _29 2 5 Wet Check

A



4 second planting was made on March 18, 1940. The same treat-
ing sclutlons were used as in the previous planting but were first
filtered free of sediment. Sesd lots No. 6, 6. 7., 8, and 9 were used
in 146-gram portions and treated for 15 minuntes instead of 30 minutes
as in the previcus planting. Wet checks of each seed lot were given
a l10-minute treatment period in water. The field plets were of the
game nize and order as those of the previous planting, ineluding a
dry and wet check and 10 ®treated® plote for each seed lot. Blight
and stand counts were made from April 9 to April 1ll. A heavy rain-
storm with a wind of near gale propertions ecccurred on April 6 and un-
dorbtedly caused a great deal of spread of bacteria from the check
plets to the %trested® plotas. These results are brought tegether in
Pable 27. Consideradle blight developed in the check plots of lots
Bo. 6 and 7. These plots could sasily have acted as initial infection
conterg from which the bacteria spread to the "treated® plots over the
few intervening barrier rows. Several of the treatments gave fairly
good control of blight but the tsble lndicates that most treatments
containing glycerise were ineffective in pensiraiing the seed or carry-

ing the toxiec materials to the regione where bactsria were located.



Table 27.

Initial infection occcurring in seed treatments, planting Vo. 2, Spring 1940

lot 7 ot 8 Lot 9
Total Dis, % ffem“?&u. % Total Dis. % Eotpil'g‘ma.# Total Dis. & fYreatment

Iot b
404 1
463 0
464 1
433 1
421 0
& 0
434 0

24

00

21

«28

.00

.00

.00

239

37

286

278

281

332

230

1 .43 438

13 4.56

11 3.91

4bb

478

468

483

421

10 2.28 263

11

16

18

2.44

3.81

3.78

5.89

.71

360

361

321

333

292

«00

.00

.00

.00

Q0

00

.00

408

387

418

438

281

392

379

0 .00

4 1.03

0 .00

1 .22

3 .76

0 .00

2 .62

1:1000 brillisnt green
in 1/2 methyl aleohol,
1/2 tolusne

111000 brilliant green
in 1/2 glycerine,
1/2 water

1:1000 brilliant green
in 1/3 methyl alechol,
1/2 glycerine

1:1000 Hglls in 1/2
methyl alwhﬂ. 1/2
glyverine + 2% HO1

1:1000 brilliant green
in 1/2 methyl aleohel,
1/2 glycerine + 2% HOL

1:1000 HgCls in 1/2
glycerine, 1/2 water

1:1000 Hgllg im 1/2

methyl alechol, 1/2
toluene
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Table 27 (continued)

lot 8 _lot 8 lot 7 lot 8 t9
Tolal Dis. § Total Pis, &% Wotal Dis. & Total Dis. & Tomta":lgﬁ Bis. %

Treatuent

457

343

398

473

]

43 316

00 184

28 83

1.06 327
.80 278

4 1.26 424 19 4.48

6 3.09 406 6 1.48
1 1.07 44 11 272
103 31.49 407 17 4.17

Bl 16.34 419 183 43.67

319

226

230

]

0

00

+00

00

00

396

322

208

404
430

0

00

00

o33

.00

.00

1:1000 Bgllp in 1/2
methyl aleohol, 1/2
glycerine

1:20,000 drilliant
green in 50% ethyl
aloohel + 3% acetie
apid

1:50C mercury bdi~
chloride in 70% ethyl
aleohol + 3 acetio
aeid

Dry Check

Wet Check

*09



DISCUSSION

Seed treatment for the control of bean blight has involved
nusercus difficulties. The toxic agent must pemetrate the ased with-
out injuring germination appreciably and at the same %time it must be
toxic to the bacteria located deep within the seed. Complications
arise in attenpting to treat seed in aqueous solutions for longer
thar 13-15 miputes since the bean seed coat tends to absorb water
rapidly, after which it wrinkles and slips. COracke and fissures in
the seed coat apparently are involved im early slipping, particuiarly
those which occur during a treatment of less than 15-minuvte duration.
Silipping of the geed coat was partially overcome by using certein non-
agusous solutions, euch as di-ethyl ether and toluene, as carriers for
the ftoxiec materials. Olycerine was used im the spring plantings of
1940 But wae not overly successful since considerable blight developed
in some of the treatments used. The viscous character of the glycerine
apparently preveanted it from penetrating the seed and carrying the
toxie agent to the site of the bacterial infection. Since laboratory
experiments indicated that mercury bilchloride and brilllant green were
highly toxic to becteria, these materials were used throughout this
etudy as the principal ingredieamts of toxlec mixtures. No great 4iffi-
eulty wae experienced in maintaining the solubllity of these compounds
in most of the carriers tried. liethyl alcokol was used in the gpring
plantinzs to overcome the expense and restrictions assoclated with the

use of ethyl alcohol. The methyl alcohol did mot appear to be quite
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ags effective as the ethyl alcohol under the experimental conditions
‘tried. The addition of acetic secid to the extent of 3 per cent im~
proved the effectiveness of the treatments somewhat. The acid
spparently alded in penetration of the toxic materials. Blight
falled %o develop under dry conditions and also when the temperatures
were rather high. ¥Fo single treaiment as yet gave complets control
of blight dut the data presented indicated a high degree of success
for several trestments. Other coabinations of some of these mate-
rials might eventually be successful in evolving & treatment giv-
ing control not only of bean blight but also of other seed~borne

bacterial and fungus di seases.



SUMMARY

A number of materials were examined in the laberatory to
determine their relative toxicity toward cultures of bean blight
bacteria and toward bean geeds.

The bean seed coat was found %o glip after a 12-15 minute
treatment in an squeous solution. To avoid this slipping, non-
aqueous solutions such as dl-ethyl ether or toluene were used as
carriers for the toxic materials.

The best control of initizl infection was obtained By soalk-
ingz bean peeds for 12-15 minutes in the following solutions.

{1) 1:500 mercury bichloride in di-ethyl ether.

(2) 1:20,000 brilliant green inp B0% ethyl alcohol plus 3%
acetic acid.

(3) 1:500 mercury bichloride in 70% ethyl alcohol plus 3%
acetic acid.

{4) 1:20,000 gentian violet in 50% ethyl alecohol plus 3%
acetic acld.

Control of initial infection by seed treatment resulted in
inereased yields of green beans with a corresponding improvement
in the guality.

Storage after treatment apparently had 1little effect on the

vigbility of the treated seed.
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Ieaflets of Asgrow Black Valentine beans showing the
marked chlorosies and extensive halos produced with
severe blight infection. A healthy leaflet is shown
in the lower right hand coraer.

Mature, heavily infected bean leaves shewing numerous
blight spots with surrcunding halos.

Mature pods of wvariety Pall Measure showing blight
spots and early neerosis.

Seedlings of Hound Pod Kidmey Wax heans showing stung-

ing and chlorceis of severely infected plants. A
healthy plsnt of the ssme age is at the rigit.

A healthy commercial field of beans containling vigor-
ous plants of uniform growth.

Portion of a severely diseaszed bean field showling gaps
in the stand and stunted growth of diseased plants.

Portion.of a check row of Asgrow Black Valentine Eeans.
Portion of a row of Asgrow Black Valentine beans treat-
ed with 1:20,000 brillient green in 50% ethyl alcohol
plus 3 per cent acetic acid.

Portion of a cheek row of Asgrow Black Valentine beans.
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