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Technical Bulletin No. 849 « 1943
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WEPARTMENT ‘OF AGRICULT

| WASHINGTeN. B.

Chemical Seed Treatments for the Control
of Certain Diseases of Sorghum1

By . W, Tavkiy, piathologist, Dicisivn of Coreal Crops and Diseuses, Bureau
of Plund tadwsiry, Soils, and Agriculturel Bngineering, Agricultural Besearch
Aduiinistration

The experiments aml ecsulis reported in this techmival bulletio are eon-
sidered important &t this tme. Soee it b printal vodee war conditions,
when paper, labor, asul mackiners are scaree and time itself is at a pres
minm. certain libeeties have been taken with the form nsially: ollowed iy
the Depariment ol Agrieniture i scientilie publicidions. The suiumary
unel the diseussion of tesolts are placel 21 the beginning instead of at the
el and the liscusgion of resulis is combined with the introduction.  This
compract front matter. which will xise any reader a yuick grasp of the work
amd 1is praetical implications, is printed io the asual 10-point type. The
more detailed deseriptions of experiments follow and aee printel in B-point
type. Inoaddition te this mechanical saving of space; the deseriptive
mterial haz been presented as brielly as seems consistent with eetaining ils
svivnrifie value,  The 1oleravee of remlers for this wartime arcangement is
sollisited,

Gove Hamemce,
Agricaftaral Researel Administration,
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SLMMARY

Nincteen materials were tricd as disinfectants for sorghum seed
Lo determine heir effeet on emergence and on smut control during the
S-vesr perisl 1957 —41.

In severely iulested soil in {he greenhouse, dust fungicides usually
were most off petive in improving emergenee when they were applied
al an exeess rate, although they were also beneficial at the recom-
mended mte, In less severely indested greenhouse soil and in fiekl
plots, however, benelits to emergence from the heavier dust applica-

UEinni el for garllieation Soveber M2,
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tions were no greater than from applications at recommended rates.

In soil ]l(‘tl.\'iT_Y infested with species of Pythium, dust disinfectants,
even when applied in excess, were relatively ineffeetive in improving
emergence at 15° C. and also, to a great extent, at 20°.

In greenhouse soil infested with speeies of Fusarim, improvement
in emergence as a result of seed treatment with the more effeetive
dust fungicides was usually slighl at 15° C. and very pronounced
at 20° and 25°, especinlly when the exceess rate ol application was used.

The aversge improvement it emergence following treatment with
nine dust fungicides of sced of nine varieties planted on four dales
ranged from 1L6 percent for New lmproved Semesan Jr. to 39.5
pereent for copper carbonate and averawed 26.4 pereent for the
fungicides used, which comprised six mercury and three copper com-
pounds, all applied at a rate of 2 cunces per hushel.

INTRODUCTION AND DHSCUSSION OF RESULTS

The importance of sorghum as a food and feed erop has been
enhaneed by the Government's food program.  Therefore, the pub-
lication and dissemination of the information contained in this bulletin
to restarch and extension workers are especially timely as these data
should contribule to better sorghnum production.

Reeent bvestignlions (812 have shown that the all too common
poor statds of sorghum result from seed-hore and soil-borne fungi.

Relatively fow of the vast number of experiments on secd treatment
within the past decade have been devoled fo sorghum.  Many of
the fimited data found in the literature on sorghum seed treatment
denl with the use of lormuldehyee and copper sulfate solutions or with
obsolete or commereially unnvaidable fongicides,  Consequently, in
L8937, experiments on sorghum seed treatment with some of the nrore
recently developed seed disinfectants were started at the Arlington
Experiment Faen, Adington, V.

The results of these experitnents, whicely arve reported in this bulletin,
show that treating sorghum seed with fungicides before planting not
only improves stards by combating the sced-borne or soil-horne
orwazisms  but also prevents the oceurrence of leose and covered
kernel smuts in the mature crop.

The data presented in tables 1 to 7, inclusive, show that under the
conditions of these greenhouse experinents treatnent of sorehunm seed
with cortamn dust [ungietdes generally was followed by considerable
imprevement in emergence compared with that from untreated seed.
The fungi combaied by the dust fungicides were chieflv those alresdy
present in the soil, asis shown by the excelleal emergence rom un-
treated seed planted o stevilized s0il, even al 15° O (see table 2).
That secd-borne organisms also may impair emergence, however, is
demonstended by the fact that seed treatment with dust fungicides
at times was followed by greatly improved emergence evenin steritized
soil (see luble 13, hut when the seed was first surface-sterilized in
sodiuvm hypochlorite the beneficial ¢ffeets of dusl Tungicides on seed
in sterilized soil were less evident (see tables 2, 3, amd 4,

The effeet of temperature and, (0 some exteni, of moisture on
emergence atd on the henetits devived from the use of dust fungicides
is also brought out in some of the experiments {see tables 3 and 4).

tltally ahabers In prrentbwses eefer o Literaiuee Clted, o M.
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At 15° C,, in soil infested with virulent fungi, the use of the better
dust fungicides generally was followed by increases in the percentages
of emergence that were relatively large compared with emergence
from univeated seed, which, at that temperature, germinated very
poorly. At 20° and, to a less extent, nlso at 25°, the more cltective
dust Tungicides cansed incteases in the average percentages of emer-
genee that were much larger than those at 15°, but, because of better
emergenee from untreated seed at these temperatures, the relative
increases were less impressive than those at 15°. In general, the
absolule inerease in emergence from treated seed was grestest at 20°
and least al 13°, whereas the relative increase was greatest at 15°
and lenst at 25°.  Large increases usually were obtained when the
soil was badly infested and the fungicides were applied by the excess
ntethod.

In a lale planting in the greenbouse in less severely infested soil
and in three fickl plantings in 1937 in which the dust fungicides had
been applicd st generally reconunended rates, inereases in the per-
contnges of energence due Lo Lreatment were less pronounced than
in the previous greenhouse experiments in badly indested soil.  (See
tables 8, 9, and 10.)  Again in 1940 (sce table 15) statistieally sig-
nitieant inereases in emergence followed the application of three or
four times the usually recommended amount of dust fungicides to
sced planted in heavily inlested greenbouse soil, indicating that better
emergenee should lollow the use of relatively heavy applications of
most of Lhe dust Tungicides (han is obtained from the rate generally
recomntended. However, in less severely infested soil in greenhouse
and flield experiments in 1040, in which three rates of application were
aonin used, no consistent additional benefits to emergence followed the
use of the heavier rates of applieation, and in some cases there were
indieations ol injurious results. These diflerences in results are
attributed to differences in variety, temperature, meisture, and the
degree of soil infestation.  They sugzest the advisability of applying
certain dust [ungicides at twoa or more times the recommended ate
when seed is to he planted in cold soil that is heavily inflested with
mjurious lungi.

'he failure 10 control coversd kernel st satisfactorily in 1937 and
1938 with dust lungicides applied at the rate of 2 or 3 ounces per bushel
gsee tobles 10 and 11 may be attributed to the lack of suflicient fungi-
cidal dust to inactivate all of the smut spores on the secd under the
apparently ideal conditions for smut development prevailing during
emergenee. b sieh an environment the heavy spore dosage employed
imposed an exeeptionally severe test on the ability of the fungicides
{0 prevent infection.

In the experiments of 1939, 1940, and 1941, environmental councli-
tons apparently were less lavorable for smut development than in
1937 and 1938 (see tables 14, 15, 16, aud 18), or possibly more conducive
to [ungicidal elicieney, and more satisfnetory control was obtained.

In actual farm practice, sorelium seed earrving a spore dosage
of 1 to 100 1s rarchv. if ever, planted, and, therefore, o sindlar failure
to contral smut with the better dust Tungicides, il properly applied,
vautd hardly ecenr under average farm conditions,

In ficld experiments in 1937 and 1938, with a fow exceptions,
extremely poor control ol covered kernel smut followed the use of dust
fungicides applicd {o feavily smutted seed of dillerent varielies at 2
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or 3 ounces per bushel. Subsequent experiments under controlled
environment indicated that gonditions extremely [avorable for smut
inlection and possibly not conducive to smut control, along with
a heavy spore dosage and a high percentage of seed with adherent
hnlls, were responsible for this lack of adequate control. The dust
fungicides most neariy effective in controlling smut under these critical
conditions were: New Limproved Ceresan, Merko, copper carbonate,
basic copper sulfate, cuprous oxide, Ceresan, New Improved Semesan
Jr., and sulfur. 1o experiments in 1939 and 1940, most of these
materials controlicd smut salislactorily. Sanocsced and the Barbak
seecd-corn disinfeetants, togelher with several other fungicidal dusts,
while effective in promoting emergenee, failed to show promise as
siud preventives.  On the other band, sulfur, which fatled Lo inerease
enmergence apprecinbly, controlled smut effectively.  Basic copper
sulfate, cuprons oxide, New lmproved Ceresan, copper carbonate, and
Spergon appear to be efleetive for improving emergenee and also
for controlling covered kernel smut,

Chilorine gas, sodium hypochlorvite, and formaldehyde sclutions
controlled smul effectively, but their use is not recommended because
of inconventenee of application, cost, or seed injury,

The presence of glumes on sorghum seed reduced the thoroughness of
sl control by nonvolatile dusi fungicides.

Planling smutted seed in sotls the moisture content of which had
been weljusted to 30-, 50-, and 70-percent saluralion resulted in 26.8,
81.6, und 5.6 pereent smut infection, respectively, indienaling that soil
ahoul halt saturnted is mwueh more conducive to smut development
than extreniely wot or dry soil.

Seed injury due to treatment with New Tmproved Ceresan seemed
to depend more on variety and rate of application than on length of
period of storage alter treatment. When seed was planted 1 month
wfter betng treated atb f, 1, and 1% ounces per bushel, emergence in
Leott sorgo was reduced 5.3, 26.7, and 30.7 pereent, vespectively, and
117, 23,6, and 36.5 percend, respectively, of the scediings that emerged
showed mereury injury.  In Sharon kafir there was no reduetion in
emergence and only 1.1, 1.8, and 5.0 pereent, respectively, of the
seedlings showed mecerry injury. A longer period of storage did not.
result consistentls inan merease i injury,

Spergon, a recently developed nonmetallic erganic seed disinleetant
containing 99 pereent tetrachlovogra-benzoquinene, in two separate
expertments i 1 year perfeetly controlled covered kernel smut ana
ereatly improved emergence without any indication of seed injury.
In one experiment 5., pereent and in the other 37 pereent of the
untrealed ehecks wer smutied,

RENIEW OF LITERATURE

Formaldehyde and, o =ome exient, eopper sallate solutions were for many
years the prineipal, I nol the #ole, Tungicides used for treating sorghwn seed.
Johnstan and Melehers (3Y candueted exiensive experimonts fram 198 (o 1925,
desipmed chiefly (o detemaine the =afest and most effective metbad of using
formaldehyde far this purpose. A -hoor soak v a | e 240 solution sectned to
wive the best results aver a d-yvear period. A number of proprictary compounds,
mnst of which are now absolete, conlaining organie merettry, phenol, eresol, ar
cther materinls o solation were (ol (o be fairly elfective in smur confrol,
Ninereen dust fungicides were {ried and at least 12 of them proved eifeefive.
Chicl among {hose now available commercially were copper carbonaie, dehyvdrated
vopper sulfate, and suffur. Phese materials, applicd at a rate of 2 onnees per
bushel, limited the smul to an avernge of less than 2 pereent of the plauts in o
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varieties, while an average of from 12 to 17 percent of the plants from intreated
seed were infeeted with smub.  Finnell {4}, in 19206, reported that copper ear-
bonaie and Bayver Dust, when applied to the seed at the rate of 4 ounces par bushel,
greatly improved siands.  Kamal (6}, in 1927, secured control of smut in India
with Germisan,  Swanson and Getty (16), in 1930, used Uspulun and Semesan in
solulion and copper esrbonate and Bayer Dust as dust fungicides to mprove
stands in feterita, kofiv, aud sorgo. Uppad and Desai (171, in 1931, repurted from
Indin that copper earbonate and sulfur were nsed suceessfully Lo prevent smut in
sorghum.  Dehvdrated copper sulfate also was effective buf, beeause of absorption
of migisture, did not retain its powderad form and henee was noet recommended,
Wallnee {(£8), in 1931, in Tanganyika, reeommended immersing the seed in a
Z.percent copper sullate solution for 15 minutes ovin a 0,5-percent Tormaldehyde
sulution foer 2 hours, Plymen ((3), in 1933, reported from India that copper
carbonule was considernbly mwore effective than sulfur in st control. Tukasugi
and Aknishi ({6}, in 1933, reporied that in Manchuria, sorghum smut was offec-
tively controlted by immersing the seed in solutions of formalin, copper sulfate,
Bemegan, Uspulun, Tillaotin, or lime-sulfur for the proper periods.  Melonnld
(711, in 10806, staled that in Kenya, Aflriea, somgham seed duslted with Abavit B
and Bayer Dust reduecd the occurrenee of st from 26,4 pereent to 1.2 and 201
pereent, Tespeetively.  An anonymous report (£ from Berar, in 1936, indicated
Ut copper earbonate, sulfur, Abavit B, Ceresan, and Agrosan G reduced the
incicdlence of eovered smut from 11.2 pereent 1o less than 0.3 percent.

lHenderson,d in 1941, reported that in Colurado complete control of sorghum
keenel smut was obinined with New lmproved Ceresan and vellow oxide of
merenty, and that copper carbonale and euprous oxide reduced it to less than !
ervent.  From 23 to 33 percent of the plants from untreated sced were infected.
Me zeed treatents were reparted to have inereased fhe stand by amounds ranging
from 38.5 to 108 pereent of the stand from nntreafed seed.

Il-Helaly (2}, in 1934, in exiensive field experitments at Dakki, Bgypt, tried
Germisan, Uspulin, formaldehyde, copper sullate, copper acctate, copper niteale,
and copper ¢hloride in solutions, and sulfur, copper earbonste, euprous ehloride,
cuprous iodide, merenrie iodide, and Agrosan G as dosts, Al nakerials vsed as
solulions gave salisfactory smut contrel as alse did the dust Agrosan GG, Noue
of Lthe other dusts was found satisfactory,  Cuprous ehloride and cuprans iodide
tnereased snsceptibility to smul infection, and mereurie chloride severely injured
the seed.  The infection from unirented smutty seecl ramged (ram 0 to 35 pereent,
depending on the rate of inoculstion and the time of planting.

A namiber of additional Driel references (o sorghum smut control found in
annnal reporis of investigaiors in Eeypt, India, and Ching reeommend formalide-
hivde, copper earhimate, and sullur mest frequently for the control of sorgham
kernel stnut, LitUe mention is made of the uze of seed treatiments for the purpose
of obiaining betler stands,

MATERIAL AND METIHODS

Seep Uskn

In the greenhouse stucdies on the effeel of trentment on emergence, feterita was
nmostly n=ed.  This variety has a Jarge seed with a relatively thick, solt sced cont,
which wnkes it very susceptible to attack by deeay organisms when it is planted
in a eold, wet =oil (&, 5. In siwmilar studies in the hield the following nuned
varietios were used: Spur feterita, Club, Chiltex, and Darso From Lawton, Okla;
Kangas Ornnge sorgo frome Chillicothe, Tex.: Dwarf hegari from Woodward,
Qkla.; and Sharon kafie, Dwarf Yellow wilo, and Sumae =orgo from the Arlington
Experiment Farm, Arlington, Va,  lu the studies on smut eontrol, kafic, broom-
corn, andd gorpo types were usedd,  Sharon kafir was used 0l 3 vears; Black Spanish
brocmesrn was used in 1037 and Rearborough broomeorn in 18 and 1939,
INansas Crange sorro and Sumac sorgo were Gsed in 1937 and Leoti sorgo in 1938,
1939, and 1940,

TyocunaTox of Sotl axp Seen

Tn eorinin greenhiotse st adies soil wie vsed 1hat had bheen preparnsd previously
for studics on secd rat and damping-oiT in sorghum (8, Thiz soil bad been steril-
izod at 13 pounds stenm pressure for 2 hours an each of 2 dayvs, and separate por-
tivns had Been inoealated with cultures of Tung, mestly izolalions of Pythivm spp.
and Fugerfin spp. that had heen found eapable of enusing seed rotting or damping-
off in sorghum. This inoentaled soif was stored in large covered meial cans ina
Wq;;\' Wod, DEMONSTRATWING SHOW  VALLE OF SURGIILM FEED TEEMTMEST IN [0LORAD.
Ext. Puthologist $6; 30=52, 191, | Pegeessedl,]
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basement,  Supplies of uninoenlated sterilized and unsterilized soils used ag checks
woere similarly stored.

Fur the studies un siut control, kends of sorghum plants infeeted with covered
kernel smut were colleeted the previous summer, driod in the grecnbiouse, broken
up, and sifled throngh a G0-mesh siove.  The sout was stored in glnss eonlainers
in a refriperntor al 10° O, until used.  In 1937, 1938, and 1941, the seed was
inoeulnted al a spore dosuge of 1 Lo 100, that B, L gm. of sl (o 100 g, of seed.
Tu 14939 wnd 10, spore dosages of 1 to 300 and 1 Lo 600 also were included,

Seep DhsinvecranTs

Nineteen mnterials were tricd as seed disinfeetants diring the A-vepr poriod
Of these, & contained morenry, 4 contained copper, 3 chlovine, 1sallue, | zine, and
iurmaldebyde, Two of Chese mnderinds were tesiod for 5 srasons, 1, 2 and 3 were
tricd for A, 3, and 2 years, respectively, and 11 were limited Lo s L-yenr tesl,

The malerinls ¢ontaining mereury were Coresny (2 pereent ethyl mereuric
chiorideY, New huproved Semesan Jr. (1 pereent elthyl mereurie phosphate), New
Improved Ceresws {5 pereent ethyt mereuric phosphatel, Barbak 110 (10 pereent.
merenrie phenyl evananide plug 5 pereont lead dienly dithizphosphate), Buarbak
k32 B (5 pereent endniinm carbonate and 10 perecut mereuric phenyl eyvianam-
ided, Barbak O (2.5 pereont endiminng axide and 8 pereent tmerveurie phenyl evatim-
ided, Merko (3.5 pereent mereary in inert materiall, and Sanoseed (2 pereent.
ethanol merewrie ehloride),!  The materials containing COPPCr WETC COpper oir-
Lonate, hasie eaprer sulfiate, enprous oxide, and copper oxyvehloride,  The remain-
ing materials were: Vaseo o4 (38 pereent zine oxide, 10 pereent zine hvdroxide, and
4 pereent zine sulfidel, sodium hypochlorite, chlarine s, sulfur, formaldelhivde,
and Spergon (99 pereend tot rachleoro-parn-benzoguinene).  Twoe materinls con-
faining sodiwn hypoehlorite were used: A econunerciad produet ealled M. I3,
Chlorine,” containing amwong ollier ingrediends 7,5 pereent sodinm hypochiorifo,
and Hyelorite, a commereinl A-percent soditin kypoelilorite solution.  Chlorine
pas was included in eonneetion with stwdies (9 miztde of this material ol thai. e,

In the preliminary preenhouse sxperiments, the fungicidal dists woere applied
by the axeess methuod, thal is, un exvess amound of each ehemienl dust was wpplicd
to a separide portion of seed, which wus (horoughly shaicen and the execss cdusk
then removed by sieving. A bushel of seod way thus relain from 4 bo 10 onnees
of dust, depending upon the specific gravily and fineness of (he dust, the size of
the seeds, amd the clinacteristies of tie seed coats, [n the Beld exporiments i
1937 and 1038, the recommended quantity of cach dust was woighed and applied
to a weighed guantity of =eed. I 1939, five of (he dusts were applir<d by the
excess method, Ind New hmproved {‘vresan was applied at the rate of one-half
ounce per bushel several days before planting hy phaeing (e relatively small
quintity of seed to be planted fna loosely tied cheeseeloth saek and bursing it in a
hall Bushel of seed, which was then treated with the sume material ot the rte of
one-hall ounee per hushel in a rotary mixer.

In emergence studies invalving ditlerent temperalures, severnd partions of 100
seeds eaeh from eseh tresied Lot were planted 1 ineh deep in sepirate metn! boxes,
A by Sinchies ane 3 inches deep. These sore placed in metal pans, 26 ha 12 by
inches, lined with moist blotters and covered to keep the =oil moisture constant
during germination and emergence. M the tinme of emergenee the metad cover
was replaeed by oglass and artilicial light was nszed (o maintain srow(h., T'he
constant temperatinres were manintained by arlificinl refrizseration ot thermo-
slatically controlied heaters in speeinlly construeted ebambers.

In studies in rhe preenhowse (he geod was planted T fo 113 inches deep i sail
adjusted to about 50 pereent of ils waier-holding wpacity, The temipeatgre
ranged from 182 to 287 C) during croergenee bot was muintained ag near 209 as
possible, Data on stand were taken 7 to 1 dayve after plant ing,

In the feld experimenis ou the effeet of seed treatment un stand, 200 serds
wore planted per 190-fool row. There were 3 replieations for eaeh {reai monot
applicd 1o cael variely planied on cach of 3 daies,

In the experiments on smut control, 1he seed was plant ed by handd at the rate of
alnl 230 seetls per -fiool row, Later the plants were (Kinned to Che progaer
slanc. I 1937, three veplicwtions were weed; in 1938 and (91, a single roplic-
tion was planted on each of 2 dates; and in 1939 and 10, 8 $1-Toot row s
devvoted (o each fungicide used for each of 3 spore dosiges on vieh variely,  p
1937, data were (aken on the pereentage of sniutted hewls and, where pomsitsle,
alse ot the pereentape of smatied plants. Lo the followine sears The ot an st
infeetion i the field oxperiments were linted (o besed eounis,

Peimison, aomereial nsed o sofution sodl ot presett nor comtnerei iy avollable, wns e in ane
PXpwrinen.
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EXPERIMENTAL RESULTS

FrrecT oF SEED TREATMENT ON SEEDLING EMERGENGE

Tu & preliminary experiment. on the effeet of seed-borne and soil-horne organisms
om seedling emergence, ench of several portions of sced of feterita was treated with
1 of 4 seed disinfectants and planted, along with untreated sced, in flats of soil in
2 parallcl series in the greenhouse, In 1 series the soil had been sterilized and in
the other it had not.  Five flats were used for each lot of soil, and 500 seeds were
planted per flat.  The results, given in table 1, indiente that hoth seed-borne and
soil-borne organisms were factors in reducing emergence.  Germisun, used as a
0.25-percent solution, was most effective in improving stands where only the seed-
borne organisms were involved, while Ceresan was most effective where hoth seed-
borne and soil-borne organisms were present.  Formaldehyde treatment apparently
inereased the susceptibility of the sved to atfack by soil orpanisms,

Tanve 1.— Effect of seetd disinfectunts and soil sterilization on emergence of feterita
in the greenhouse at 20° C., 1537

el troatment Emergence in soil

wind { Rute Sterflizetl | Unsterilized

Perveat Prreent
Mong. .. .. - . R . . 27 g
Ceresft... . .. E 5 T Bt
Copper earbenate o . JE 1 1 48
Formahlehyde © 1340, 1 hour . 4
Germisan .. S 0.25 pereent, D hotr L. ; w

To determine the effvet of eertain types of seil-barne orgauisms on emergence
and the degree v which (hey ean he combated by seed Lreatments, seed of Spur
feterita was planted in sterilized soil that had been artificinlly infested sith
culiures of a number of unidentitied species of Pythium or Fusertum isolated from
soil (§). The sced was surface-sterilized in 2-pereent sodium_hypochlarite for
30 minutes to eliminate the efiect of seed-borne organisms. Separate portions
of this seed ware dusted with dilfevent fungicides using the excess method and
plauted in the artifieinlly infested soils and also in sterilized soil not artificially
infesied.  According to the data given in table 2, the Pythium spp. were more
injurious to emergence and less responsive to the fungicides than were the
Pusarium spp.  The mereury dusts seemed to be more effective than the cop-
per dusts it improving stands.

Tanne 2.— Hffect of seed treaimend with dust fungicides® on emergence of Spur
Teferda in sterilized soil arfificially fnoculaled with Pythium spp. or Fusartum
spp. and kepl al an aeerage temperature of 20° C., in lhe greenhouse at Arlinglon

vreperiment Farm, 1937

Ettergrnee in stetilized soil

Sew] treatment Tnoculaed with—
Ui
nlated

Pythitew sy, Fuserinm spp.

feroent Percent Fercent
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Noew fmproved Cepesan 2 e e o Ot

t Al e dqtbes were applivd by the exeess methol,

3 The seed Dad first been surhiee-steciized o 2 pereent sedinm hypochlorite for 34 bour, washed, and
thurmiells dried.

Ihis fungivide was appdied dilaied with 4 parts of wle,
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Tobosr the elfert of dust fineicvides on rowergenee i lnfested sail ot Jillerent
temperitires, secd nf .‘~'|n|r' foterita, rreated aed untrenied, was planted i Four
dtforent lot~ oi ~oils ol Seeriliacd and uoinoenlareds 02y sterilized aoed Inoenlated
witly thinge ~pp 13- <terilized wod foovalated Willl Frsurinm sppag and {4
utimterlized and llllll:lﬂilllltl'll but known to be natueally Dnfesied witl varioes
vrgauisius deleterious to cmecgenee Insorgdnn, - Ote oedoed secids were phitned
foevaely vombination of soil, seed treatment, and temperatire, e seanlis gre
given iy table 3 oaed ilhsteated o lisore 1.
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s raraesily Bodested; O steetlized ~oil tnoeidatold with Fasurcfom =pna; D, stert-
ieead =il trcoenylatee] wtdhe Fddiinm < H. Seend Lres eli- o, _\-nm-; b N
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pron e d Cloresge
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Tasue 3—Lffeet of soil temperature, satl infestnbion, and seed ireatment with dust
fungicides on emergence in Spur felerila, 1537
IN 30lL STERILIZED AND UNINQCCLATED

Famergenes from seed treated ' with— Average
. . R e LI TECTI
{ fromm seel

11
[GINEES

i avernge

ituge ol emer-

Solbt wemprerature (¢ (Y

from. Ltrealed

ul
sulfate
Coresun ?

rret
U

Alerka

Harbak 111
Jinchak
Cuprous oxlde
Casrvsan

Niew lnproved

+ Coppwr enrboni-
Untreated
Inerense

Dasie

;
1

L Pt LR Pt
W8] g5 28
04 Lo
yg | 0% ;

IN SUH, STERILIZED AND INOCULATED WITH PY'PHLIUAL SPp.

‘ i i} o0 ¢ty ol o 0
1ol o Son, 0. LR 1. 4
oM r o' w7 a8 i 83 a0 KU}

IN B0 RTERILIZED AND INOGCULATED WITH FUSARIUM St'F,
€ e, 0
hOR4 TG o2
05 g2 ]

D NOR INCOULATED BUT NATURALLY INFESTED

INFESTED 501L (AVERAGES)

g ] | 16 1t
[ RO S I 1

P
si f T8 o6

Sl seeld was gurdnee-sterilioed o ? pereent sodium hypoehlurite for b hoor, washed, and deied.
tuzts wene apilicd Dy e exeess ethog.
Y LHlated with tale s ag 1o tontuin 1 peeeenr of cehylwereuric phasphate.

In the sterilized uninoenlated 2oil, emergonee, with two exceplions, was excellent
at all three temperatnres, even from seed not trexted with any of the dust fungi-
cides,  Nevertheless, at 15° G, seed Lreatment with the dust fungicides increased
the pereentages of emergence by amounts ranging from 1 10 26 and averaging 16.7.
AL 20° and 257, the average pereentage emergencee from seed dusted wicth the
fungicides was enly slightiyv better than that from secd nor so treated,

In the soil infested with Pythium spp., at 15° C. eiergence was entirely in-
hibited irrespective of treatment, and at 20° emcrgence from treated seed ranged
from 0 to 39 percent, the average being only 10,4 pereent. At 23° the average
perceniage of emergenee frum treated sced was G1, which was 39 above that from
watreated seed.

In the soil infested with Fusariom spp. there was no emergence from untroated
soed ab 13° C., and that from treated seed ranged from 2 to 39 pereent, the average
heing only 12.6 pereent. At 20° the average pereentages of emwergenee from
untreated and treated seeds were 22 and 70.8, respectively, and at 25° they were
fi4 and 86.2, respectively.  Similar resuits were obiained in the unsterilized,
naturally infesied soil; with one exeeptlion little or no emergence occurred at 15°,
the treatments brought aboul & considerable increase at 207, and a smaller
inerense ot 23°,

In a later, similar experiment, sterilized s0il was inoculated with a number of
commuoen soil-infesting pathogens.  Beeause of lack of available space in the

S0 —
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congtant temperature chambers, the seed treatments were limited to ene organic
mereury dust, lwo copper dusts, and sulfur.  The seed was firsl surface-sterilized
in a 1:320 formaldehyde solution for 30 minutes, thoroughly washed, and then
dricd to a moisture content of less than 11 pereent.  The copper and sulfur dusis
were applied by the exeess method, but New Tmmproved Ceresan was applied al
the rate of three-fourths of an ounce per bushel, Emergence data are given in
table 4.

Tannk d.-—Mifecl of soil tempernlure, soil infestalion, and seed {reatment with dust
Sungicides on emergence in felerila

Ball ) Flerge e feotn sl
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25,0
48, b

Avernge [ infestpl suil 1,
alone 30 ¥l l 47,0

The atiempt 1o adjust the different lots of soil (0 approxinuiely the same
pereentage of saturation was not entirely sueeessful, especinlly with respesi to
the stertlized, uninoveulated portion. The pereentages of emoevgenee in the lakter
soil were depressed somewhat by £he high moisture content, and henee conparisan
of these resulls with those obtained in the dilferent lots of inveulated soil prabably
docs noat reveal the fiell effects of the fungl on emergenee.

AL 15° C. all the fungi, excepl Sclersifiom butaifeola andd Penfelflivm oxalicum,
greatly reduced emergence, and n some eazes the dist fungicides were of lictle
or 1o henctit,  However, in fhe elght lots of infested soil, the averape pereenfages
ol emergence from seed treated with Kew Improved Ceresan, eopper earbanale,
and cuproud oxide were 25,0, 20.8, and 20.0, respectively, compared with 6.4
pereeut from untreated seod, At 20% {he corresponding average percentages of
emergenee wore A8, 4200, 401, respeetively, compared with 22.0 from untreated
seed; and at 237 they were 73.0, 7000, and 7 1.0, respectively, compared with 31.6
from untreated seedd. Bmergenee fram sulfur-trealed sced in infested soil averaged
sightty less at 15% and 259 and slightly greafer at 20° Lhan cmergence Trom un-
treated seed.  FProm this it seems that sulfur is inefleelive apganinst the soil
fungi in question.  The mercury dust scemed Lo be more effective against (he two
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species of Fusarium than were the copper dosts, and the copper fungickdes seemed
to be the stightly more effective in combating the bwo species of Pythium,

These results show that soil-harne pathopens are largely respousibie for poor
emergence from vinhle sorghium seed, especialty when it is planied in cold soil ().
However, Hie relatively poor emergence in the wet, sterilized, nninoenlated soil
sopms Lo indieate thai exeessive soil moisture and {(he sccompanying redueed
aceniion also tend to inhibit emergenen,

Additional dnta on the effcet of seed trentment oud soil fomperature on emer-
genee in the presence of soil-bhorue organisms were obtained in experiments in
soils oblained from a number of stations in the sorghum-prowiug arens of Okls-
homa, Texas, nnd Kansas, The fiekls from which these soils came had been
planted to sorghum continuously for perieds vanging from G lo 23 yenrs (8),
The soils ranped from light sandy soll, low in orgunic matler, lo rich black soif,
high n organie matler,  Keyport elny losm from Adington Parm was included.
“Treated and untresied seed of feterita was planted in portions of each of these soils
maintained ad three tempernbures, 159, 20°, and 25° . An atlempt was made Lo
ndjust the moisture conrent Bf ench soil Tot Lo about 50 perecut of its previously
determined walor-holding eanacity.  The resulting percentages of saturation,
fiowoever, ranged [rom 46 to 65, The portions of soil that were steam-sterilized
Ltaok on ndditional moistare duving sterilization, so that their nwisture content
rangeed from 51 to 80 pereent of suturation.  To these differenees in soll-moisture
eortenl e ptiributed some of the move or less luconsistent results obisined as
<liowen in Lable 5.

Tanuy a0 Fffeet of sofl lemperature, soil steritization, and seed treatnent with dust
Tungteides on emergenee of feterita planted in He greenhouse af Arlington Erperi-
mend Faru i seils taken from differend lacalities
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The twe copper dusts applicd by the excess methad improved emoergenee
slightly mure Lhan did New Linproved Cerosan applied st three-fourths of an annee
per bushel. No consistent benefits were derived Trom the use of sulfur,

The wverage inerewses in the poreeniages ol emergence ol L5°, 20° and 253° C,,
from seed trested with the copper and mereury dusis over those from untrentod
seed were 16,2, 3001, and 23,5, respectively, The corresponding avernge inereuses
in the percentages of amergence from univented seed in sterilized soil over thuose
in unsterilized soil were 4006, 15,6, and 12,4, respectively.  The sterilized soil,
however, was too wet for oplimum emergence.  'The tesis were repented luker in
portions of these diffeent seils, sterilized and adijusted to about 50 pereent snku-
ration.  The average pereentages of emergenee in this ense frowy the swne lot of
unireated seed at 15°, 20°, and 25° C, were 65, 88, and 93, respectively, compared
with 51.1, 60.1, and 73.0, respeetively, the corresponding averapes given in
Luble 5,

The experiments thus far had been confined to sail in relatively small containers
in which it was diffiendt to maintain unifarm moisture canditions, As an wppronch
to ficld eonditions, ne experiment was econdueted in w greenhouse benelr in sail
nedjusted to abont 53 pereond saturation, The soil in half of the honeh {series 1}
was nuixed with small lots of sail that had been inoeulated with dilferonl Mgt
and wsed in other experimends (8). The soil in the renminder of the heneh {series
23, while not inoeulsted, was kunown to bhe ahundantly infested,  As shown Inler,
the sl guantity of noeulmm apparently had lide effeet on cmergence and,
therefore, the mesulis from the two sories are aversped and disetssed topether,

Twao lots of seed of Bpur feteritn were used,  One lot from Lawlon, Okli., was
ol excetlent vinbility nnd was surfuee-sterilized in 2 pereent sodinm hypochiloriie
for 30 mintes. The other lot from Chidicothe, Tex., was lower in viability aned
wis nol surfaee-sterilized. Three hundred seads of cach lot were used in each
series Tor paelt of nine fungieides, whicli were applied by the excess method, The
thita on emergence are given in table

Tawne G—-Lowmergence of Npur feterita from sesd from Lawlton, Ok, and Chitli-
cothe, Tero frected with dust fungieiides by the vzeess methort aned planted In a
greenhouse maimtaived al an wverage fom peralure of 20° C., but ranging at times
Jrom [&8° 1o 28°

Emergenes (eot seed frein—

Leavwtinn, OKln.t : Chillivothe, Tex.
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Emergenee from the Lawton seed not dusted with any fungicide was 33.5

?cmc“t’ and {hat from the dusted seed avoraged 0.4 porcent, an inerense of 56.9,
imergence from untreated Chillicothe seed was only 10.56 percent, while the aver-

npre emergenee [rom the same seed dusted with fungieides was 57.2 percent, an
invrease of 40.7,

Experiments were next desipned to fest the effect of these fungicides on emer-
genee under lield conditions.  Differcnees in soll temperalure were obtained by
%lmthing on dilferent dates. No altempt was made to surface-sterilize the secd.
Sepnrate poriions of seed of each of § varicties were trealed with dust lungicides
at the rate of 2 onnees per bushel on April 18, 1937, and stoved iv open ginss jars
vatil connled out into unsenled envelopes ready for planting,  Unusually henvy
and frequent raios prevenied the frst schoduled field planting, and it beenne neces-
sury to plant in the greenhouse beneh inatead.  The badly infested seil in the
greenhouse beueh had been removed, ang the beneh had been refiled with soil
from the field,  Foreach fungicide, 300 sceds of eaoh varicty were planted April 28,
Liy inches deop. The soil temperature rvanped from 16° to 35° (., hub usually
was kept at about 24°, The emergence daln takan May 13 are given in $abie 7.
The henefits from seed treaimoent, on the whole, were less pronouneed than those
abtuined iu the previons experiments in which the dusts had been applied by the
excess lmethod,  However, appreciable increnses in the percentages of cinergence,
vanging from 9 to 28, fotlowed the use of some of the treatments.

Tanve T.— Bffect of seed rectmeni with dust fungivides on emergence of 9 varielies of
sorghunt grown from seed planied April 29, 1937, {n a greenhouse maiidained al a
lemperature of 24° C., bul venging af times from [8° to 36°
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LA the ditst fagicides were sppticd 0 the rte of 2 otees per bushel,
3 Prileetedd witls tade =0 ns to contabn 1 percent of ephivl imereuric phosgtinte,

The plantings in the field were made May 7, May 20, and Jnne 8 The ranpes
i soil temperature from pinnting to emergence in the three field plantings were
7° o 29%, 11° o 329 and 13% 10 35° (., vespeetively, the corresponding avernge
temperatures being 16.4°%, 20.3°, and 24°, respectively.  The rainfall during these
sne porinds waea 1.9, 2.85, and 1.5 ivches, respectively. The avernge per-
contuges of emergenee {rom secd of each vaviety trenled with ench fungicide and
sown on cach date wre shown in table §, and the avernges for ench variely for sl
four plantings, including the one in the greenhiouse, are shown in table §.

Ag in the la<t grcenhouse planting (table 7)1, the besefus derived from seed
treatment in the feld plantings were noet so pronounced as they were in some of
the preliminary plantings in artificially or naturally infes{ed soil in the Inboratory
or greenbonse,  Among Lhe reasons that may be advanced for this are (1 2
ltehiter rate of application of the fupgicides, ) o longer period between treating
apdd planging ihe zeed, (3} the field soll probubdy was less heavily infested with
fungl delelerious Lo germination and cinergence, sl (4) the relatively hemvy
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Toaste 8.—Fffect of seed treatment with dust fungicides and date of planting on
emergence of etuch of U varieties of sorghuwm in field plots af the Arlingion Experi-
ment Farm, 1937

PLANTED MAY 7
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rainfall following each field planting may have redneed somewhat the protective
and generally beneficial elfeets of the fungieides. In all 4 plantings, however,
all the treatments scemed to cavse svine increase in emergence. The average
inerease in the percentage of cmergence from treated seed of all varieties above
that from untreated sced ranged from 9 to 28 in the greenhouse planting, from
G to L4 in the first held planting, from 2 to 13 in the sceond field planting,
sud from & to 13 in the third ficld planting. In all, there were 278 increases in
the percentage of emergence from treared seed, 36 slight decreases, and in 10
cages there was no dilferenee in emergence from trealed and unircated seed.

The nine varicties used showed slight differences in their response to seed
treatment as measured by the increase in the average pereentage of einergence.
[ Cluty the extent of Fhis ingrease was grealest (20, 6) and in Dwarf Yeliow milo
it was the least (£6).  Por all nine varielies in the four plantings, cmergence
frow untreated seed averuged 43 pereent compared with 54.3 pereent from
treated sced.
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Tante B—dverage pereentoges of emergenee of each of 9 varietivs of sorghuwm frenn
secd fols treated b with different dust fungicides and planted on swecessive dales,?
Artington Ezxperiment Farm, April 29 to June 25, 1957
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i ' Uihl; el & ith tale so Lhat when spplicd 6t 2 otnees per Bushel, e seed teced ved EHe projar nmodnd of
chemical,

Fxrerients oy Swer CoNrron

I addition Lo the benefivinl offect on emerzence nnd onrly stand, & seed treatb-
moewt, in order (o by generaliy revomnmendded for use oit sorghum seed, also should
control Lhe kerhel sinuls cauised by Sphacdfotheca sorghd (Lk.) {inn, el 8, cruentn
{IKuchm) Potter,  Thercfore, the fungivides in the abwrve studios woere nsed, along
with others, in expurinents on the contiol of kernel siout, Binee the loose sl
caused hy N erwenta i3 less prevalent and wmore easily controlled fhan is covered
kornel siut, only the Infter was nsedd in these experiinents,

In the experiments of 1137, spores of covered kernel stuut were applied to seed
of 4 varicHes of serghum at a spore dosage of 10 1006 Iach of Lhe J lots of seed,
black with this heavy spore Joad, was divided into 12 purtions,  One poction of
eneh was loft mntreated and each of the others was treated with @ different fongi-
vide,  Nine of these fudeides were applicd ns dusts and 2 as liguitds, The dusts
were applicd day 17 af the rne of short 2ounges per bushel 10.05 g, of dust per
20 g of seed) in elean botiles and thoroughly mixed with the seod by shaking
For severnl minutes.  NSew Dmpraved Ueresan, ordinarily applied at the mie of
one-half ounce per busiiel, was dilutesd with 3 parts hy weight of tale so that the
gepdd, when dusted at the re of 2 ounees per bushel, would receive the proper
guantily of Lthe ethy! mercurie phosplute.

The M. R Chlorine™ solution of sodinm hypochlorite wis dituted with 50 parts
of waler secorling to direetions given on the lubel,  The seed was Bimmersed in s
solution containing about 015 percent of sodinm hypachlorite for 13 minnies and
then deained and dried,  Hyehlorite, the other bramd of sodium Livpochlorite,
wis used @3 4 soiition coninining § pereent of sodivin hypoehlorite in whiels the
seed was immersed for one=half hour after whiel it was rinsed wind ehricd.

Mhe seed wis planted by hand June 8 in 33-fom rows a the mie of about 250
seeds per row.  The soil was wet and heavy, ad 2.3 inches of pain fodl befure the
socdlings ernerzed,  The date on smat infeciion are given i tabie 10.

The outstanding feature of the resulis iz the ilure of any of il treatinents
Lo eliminete s infeetion i all four varictios consistently and efleciively. The
number of smotted heeds from untreated sced in the four varietics raneed from
51.2 10 73 pereent. Copper eachonate, Ueresan, and Aerko were the only troat-
ments that reduced nfeetion in auny vaviety o 3 pereent or less, and only coppoer
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Tanus 10.—Covered kernel sl (Sphacelotheca serghi) in sorghum grawn fram seed
smudied al o spore dosege of 1 i6 100, treated ¥ Map 1T wich difforent fungicides,
sk planted June 8, 1937, af the Ariinglon Ezperiment Farm iogether with untremdod
saailly seed
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AL the diets wese spapadiod i the rane af 2 aibiees por bashel,

= Woeeparee eoF indelgg, 1w aor pessibbe tr aet acenrnie phat couiy< ou e Trousmweortt.,
3 1 yileeeedd witle 5 o s of e oy wedarini ),

el supked EH pndiennes f0n § Lo 50 solncioy, Jendied, aind dricvd,

8 Yeerd gorked nn opereend solation for b lour, wasbiesd it water, sued drivd,

sarbonnte effecied perfeet control i any one variety,  Fhe resulis with these
theee murerials in (w difforent varicties, however, were highly inconsistent,  For
example, copper earbonate effected perfeet controd i Wansus Orange sorgo bt
allowed L8 poreent infoction in the bromueory, althoush (he controlzs in both
varielics showed abowl the sue degree of infoction. The percentapes of siulted
tieads Tronn seedd treated with Merko ranged from 3 to 30.7 and wilh Ceresun Mo
3 o 3060 Basic ecopper sulfate reduced infeefion in the broomearn i 20.2 per
cont, nid in Senne oo o anly T opereest. Seed treated wirtlh Barbak 111, with
arie oxeeption, produeed o hivher perventieme of smutted heads than did untreated
seed. The five best trentmoent= in the order of their avernge effeclivencss were:
Capper enrboritie, basic copper solfate, cuprous oxide, Ceresan, and Alerko,

o conmpare the pereentage of infection by covered kernel sunt based on the
nuniber of smutted bods with that based on the nwmber of smutted plaets, the
total mumber of pleats aod the aomber of infeered plants from 3 lots of troated
angd ptireated sevt woere eounfed, 1o 35 individonl eomparizons the percenjape
of stntted heads exceoded the corresponding percentage of smutted planis 3i
times by amownts: vanging frome 8.2 10 17650 In d insinnees the pereeniape of
stnntted plants exeveded that of soufted heads by amoanids ranging Trom 001 (o
2. The avernge pereentases of storted plants and smutted heads from antreated
soed woere a7l and 0.3 peeeent, respeeiively, while frinn treated seed they were
243 and 274 pereent, respectively. The ditferences in ihe dain obiained from
hemd count= and plant counts were pot eonsidered snafficiontly large 1o justify the
additional time and effort inveived in the lntter method of taking data on snon
infection,  In snbsequent field experients, therefore, Hie daja on smnd infeclion
woere bazed on the pereeniame of imfeeied heads,

[ the ecxperitmonts in 1938, Ave of the fngieides vsed in U7 woere omilied
atl #ix athess wers ncluded. The seed was smutied i 2ospore dosage of § (o
HU) = i 1837. and. with the exception of New lnproved Ceresan, the dusts
woere applied ab the race of 3 gon o 1,000 gin, of seed, which &= 0 the rade of
neariy 3 oennees per bnshel, The Tormaldeliyde treatient consisted of a1 hali-hour
soak in o E o 210 0 d-perventy solution. The sodinm by pochlorite was applicd
by inmer-ing ihe seed in a0 f-pereent sotstion fora balf bour,  The oblorine treat-
iment conzisted of exposing the seed for © hour in a grs-tight coninioer in whieh
the air conttained 10 pereent by volime of ehlorine pas (81, The setual volume
of the ehiorine zas vsed was equal to 4 percent of the volume of seed in the
cogrtainer,
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The efect of the fungicides on emergence was determined by planting 300 sceds
of ench ireated wnd nntreated ot in o greenhouse beneh.  Plantings were macle
it the ficld, Jutie 2and June 13, Uhe data on smut cantrel from these two serios
were substantially alike and, therefore, were averaged and, together with the
data on emergence, are given in table 11,

Tamie 11.—Covered kernel smut {Sphacelotheca sarghi) in sarghum grown from
suctelted seed, frecadedd Muay 1681 with different fangicides, und planied in J4-foal
rows af the Ariington FBeperiment Farm, June 2 and June 13, 1938, logether with
it recded sunlly seed

! Bt tedl heads in— Fleadds {n all varictles

b otver — oo T
LY

Hear-
| etiner Hear

o Sharon boratgh - Leoli ; e
renee eihe broome | sarge ©ob
eorn. i

Seedl treatment
otul Semtbtedl

None {untreated #heek)

New Lyproved Ceresan '
Muatko

Barlmk 7 .

{oppwer earbonnte _

Bugie enpper snlfnte

Cuprons ovide. ..,

sulfur. . ..

Snneseeil.

Vseod

Capper povehloride
Formaldehyide

sodinm hyprwidorile :
Chiorine gas 1 . P 44 1.4 : 460

Lhe Hegisid treslments were applivd (e day Before planting, formaldeiyde as a1 ta 240 {-pereent)
sebution for A hatr, nid sodive ypechlarite ws o bpeceent solution for Yz hour,
g plied At 1w rafe o by ounee e baashiels all o ber diests st 3 ounges per bushel.
Seed eapasel to 10 pereent ehiferine g for 1 hour

Witk the exceprion of formaldehyde, New Improved Ceresan, and possibly
sudinm iypochlorite, none of the Tungicides significantly affeered emcergence.
As in 1937, rhe dust Tungicides, with ane exeeption, were relatively ineffective in
controlling smul. Now lmproved Ceresan reduced the average percentage of
sintted heads in the three varictios 1o 3.9 compared with 649 for no treatinent,
and with 22 to 3.5 for the oiher nine duzis. Next in the order of their averape
elleetiveness were Merko, cuprons oxide. basic copper sulfale, sulfur, and copper
sarhomite.  Sanoseed. copper oxyehlaride, Vasea -, and Barbak (' were especially
inellecrive.  Fortaldelyde eliminaced all smuat in all theee varieties, while sodium
hypoclidorite permitied L1 percent in broomeorn and chivrine gas 1.4 percent in
kafir,

Xo enlirely satisiactory explanation ean be offered for the poor simut control
obitainetd in 2 auneeossive yvears with dusi fungicides, some of which had given
execllent resuits in experiments un ihe control of stinking st of wheat au the
Arlingtlon Experiment Farm {7} over a period of several yvears.  The heavy
apore load on the seed and the s0il conditions after planting being highly condueive
w s infection doubtless subjected ihe fungicides Lo an unusually severe (est,
bat nol sy more gevere, it i= thouglin, than did the conditions obtaining in the
esperiments with hunt in which satisfaciory conteal was obtained when infection
in the cheeks was as high as M} pereent.

In table 11, it is noticeable thar infeciion from dusted seed was higher in Lhe
broomeorh fhian in other sorghums in 7 ont of 10 eases. This. 3 was (houwrhf,
inay lwve been partly due (o the fact that many of the sceds of this veriely
retstined their whones and thus made smne control with dosis more uncertain
12, a4

To determine to what extent ghuues on the =eed appreciably affeet the incidenee
of smut or it= control in serghum, the following experiment was= carricd out in the
wreenhonse in the winter of 193839, lach of four remnant sced lots of Leoti
gorge from the previous season’s experiments wis earefully separnied into Iwo
partions, one econzisting of seed with adberent glomes and the ather without
vinmes,  Three of these otz had been ineeulated and readed as previonsly
deseribed, and the other was the fnoeulated uncrewted cheek,  Six hundred seeds
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of ench lof, half of then without ghumes, were planted withoud further treatiment
i s0il 50 pereent saturated and maintained at 20° . Five days after emergence
the seedlings were Lransplanted to the greenbiouse beneh where they were grown
to maturity, at whieh stage the data on smut infection were taken. A similar
experitient with seed of Searborough brovwseorn, used in the 1939 experituents,
was earried out in the feld the foliowing spring.  The data from these two experi-
mends wre given in table 12

Tavve 12— Pnfection by covered kernel smut and its control in sorghum as affected
by the retenlion of glumes ont the sved

Heatels 2 of Sinrhor-

Huntst Lo sTRo--
Plunts Cof Leotd syrgo iy brocencorn

Sl freatment Cilatnes

Emerged  Mntueed Soentted Colnd - Saauited

5t Ny, Fet. AN, Fet,
Notig i L 7 i} 45,2 13 0.6
Yer il R 2 T w8

New Bnproved Coresntt h ]

il et A . i}
Cupprr carbonnie On - ¥ 0

h . R fyr . !
Cuprons axlie . (i H £ 4.5

12141 . 4114

ECirawn dn Ll preentonse ander cangrolbal eoaditions, hlehiy Gvornble for sty developmont,
lbrosery i Phe Bobd, Bed] wes relntively dry aied warny from plasting to conergenes,

The results indieate that zeeds free of plumes, when inoenlnied with spores of
vovered smut, produce g morse heavily siintted crop than do seeds with adbereunt
plumes,  There also i some indication that the presence of glumes on the seeds
renders smuh control more wicertain, I three of four comparisons, treatmeni
of the phimed seeds with copper dusts failed 1o clhminate all of the smut, whike
the freated ghumeless seeds produced no stulied planis, even though the untreated
ghumeless semls produced plionis with ahnost twice as mineh infection as did
antreated glumed seeds. In Leotd, the average emergence from glumed sceds
waeg almost twice thet fron glameless seods,

An attesn was made glso o detennine the possibie offeet of excessive or
deficient soil muistuee on the control of gmt by dust fungicides,  Three sepanie
lotg of Keyport silt lonm were adjnsted 1030, 50, and 70 pereen( saiuraiion, respee-
tively., Seed of Lootl sorge, inovulated with smut spores at a spure dosage of 1
Lo 100 red dusted with enpper earbonate or enprous oxide at 3 ounces per bushel
or New bmproved Ceresan at three-{fourths of an onnee per bushel, was planted
in each of the three Iots of soil. A temperntare of 20° 0 was maintained duving
emergence. The moisture content of the solls was Kept as nearly constant nx
pussible for seversl weeks nfier the plants had emerged.  The duta ot smut
infection and conirml are given in table 13,

Tasue 13- fveelopment and condral of rovered smat in Lot sorge planted in the
greenhouse in soils wdjusted to 3 different percentages of soluration
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The infection pereentages, 26,8, SL.6, and 5.6 in soil 30, 50, and 70 percent
saturgletl, respeetively, show g very pronounced relation between relative soil
moisture and infeetion by smut in the plants from untreated sced. The results
in the dry soil are in agreement with the general conclusions of Melehers and
Hansing (12) that at Manhattan “low soil moisture (j.e., below § or 10 percent
on the dry basis) rednees the amount of infeetion.”  Soll from Manhattan was
found {£1 1o have a water-holding eapacity of about 40 percent, and therefore a
moisiure content of 10 pereent would be equivalent to 25 percent saturation.
Reed and Faris (14}, using sand, obiained the highest infection pereentuges at
10-pereent snturation,  Hesulis in sand and in soil, howerer, are not eniirely com-
parable, for although the waler-holding eapacity of sand is nsually lower than
that of suil, the water i enntaing is more available.  Although the relation between
50il moisture and smut control was nof very pronounced, there is some indienxtion
in these data that control is fuvored by a medin gquantity of soil moisture and
hindered by excessive and possibly also defizient soil moisture.

Fixperitnents ot sint eonteel in 1939 were limited o studies involving 3 spore
dosaspes nnd G dust Tungicides on seed of § varietics. New Ioproved Oeresan was
applicd undiluted wt the reeommmended e of ane-half outee per bushel. The 3
vther dukte were applied by the exeess tnethod,s The seed was treated May 17
and planted Max 23 at the rate of 500 geeds per 44-foo1 row.  The saoil at planting
titne wng unusuatly dey, and no mmin foll untl aler emergence, which, as a resuly,
was somewhat ungven,  The temperawre during the period of emergence ranged
frone 212 10 32° (), with a mean of about 26, The average stand from scetd treated
with the eopper dusts was increased 12,5 pereant, while thai from seed ireated
with the other 3 dusts was not appreeinbly affected, compared with omergerice
from nntreated seed. The duta on st infectivn taken in August and September
are given in iable 14,

Tanwe - Oceurrence and control of corered kernel smut in sorghum as affected by
spore dosage dud seed treaiment, Aelinglon Experiment Farm, 1930
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The execllent contrsl of sinat by the three copper dusts and Mcerka confrasts
strangly with the resnlts from these materinls in the 2 previous vears. This
iy posgibly be acributed 1o heavier applicaiion= of the dust fungictdes and (o
conditions after planting being less conducive to smur infeetiott.  Suliur, alihough
apparently inefleetive inpreming hevter siancds inshis aed previouns expetimoetts,
wasanrprisingly effective in smut eoatteol Thisis in contrast with Barbak 111 and

Chy dsheastors testw, =haron kafie, dusted by the eseess metliod, retadned  copper carbonnte, caprous
onvide, and bmsie coppeer selfate in amuints eqaal e a2, 135, el 7.0 ounees per bushel, respectively,
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several other dusts thnat were effective it improving emergence in the 1937 and
1938 experiments, bui very ingflective in contmliing smut.

Beereasing the spore dosape in this experiment did not cause & proportionate
deveoase in the percentage of infection,  in faet, undor the condilions of thig
expeciment, which evidently were not highly conducive b infection, {here seemed
to be little consistent relation between spore dosnge within the runge used and
aevtrrence or conteol of s,

Because of the low pereentage of smutted heads from untreated seed, it seemed
desitable {o repent the above experiment with seed wreated with certnin of theso
dusts at different rates and planted under conditions more favorable for severe
sinut infeetion,  This wins atiempted both in the greenhouse and in the field in
FRI0. The s0il used in the greenhonse experiments was infested with the usual
soil-burne organisins.  lu the frst experiment Sharon kafir seed was dusted abos,
spore dossge of 1 ie 100 with visbie spores of covered smut from the 1939 crop,
Separate portions were treated with New huproved Ceresan at ', b, and 113
onnces per hishel, and with copper earbonate or basie copper sulfate at 2, -4, and
8§ vunees per bushel,  Any exvess (ingicidal dust ag the S-onnee-per-bushuel rate
wis retnoved by sieving the seed.

The seed war planted in the greenhouse beneh 14 fuches deep in soil about 30
pereent saturmied,  For each rate of application of esch dost Lhere were planied
10 replications of 100 sceds each.  Fvery fourtl row was planted 10 unirented
seed. The seil was covered with eanvas and maintaived wt n temperature of
18% 10 215 Cuntil the seedlings were abont to emerge.  After data on emergenee
hned been obiained, the plants wers thinned saificlently o permit normal growth
and heading. The ding on emsergence and stmnt control see given in taite 13,

Tanne 15— Bffeet of secd treatment with 3 dust fungicides on emergence amid sl
cantral in Nharan bafiv grown in the groeahowse from smutted geed, treated af each
of 3 rates of upplication, 1030
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In the heavily Wfesicd greenhouse soil, treatiment of the seed in every cuse was
fallowed by pronouneed fnerenses in the pereentage of cmergence, compared with
Lhat from untreated 2eed, Finergenee peevetnitages from secd teesled ot Uhe rate
of Ty ounees of New Iinproved Ceresan, 8 ounees of copperearbonaie, or 4 oungees
uf baste copper sulfue per bushoel were significantly groater tha thase from seud
treadedd s bhe Towest rates with each of these respeetive Tungicides, as delermined
by the patring moerhod (10Y.

Sk, which raigged feom 30 1o 40 pereent in (e cheeks, wis controlied perfectly
by adl rhree Fongieides at all rates of application used.  Therefure, # scems that
for the porpose of controlling stnet mider the conditions of this experiment the
application of these dnst= at vates heavier than those geoerully recommended for
that purpose was of no advandage.

I sevond experiment, which was carried out both in the field and preenhouse
in the spring of 1940, seod of Sharon kaliv and Leoti sorgo was dosted with spHres
of covered keenoel s at spore dosages of 1o 100, 1 1o 300, and 1 10 600, and on
Muay 1 separate purtions: of cach lob weee treaved with six fangieidad dosts. New
haproved Ceresau was applied ol the e of by, §, and 10 ounees per bushel, and
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the five other dusls at 2, 4, and 8 ounces per bushel, A formaldehyde treatment
with o I to 240 sointion for one-halfl hour also was included.

The eifect of the rate of application of the 6 dusts on emergence in unslerilized
aatnraily infestod soil was studied by planting fn the greenhouse Max 8, 310 seeds
of cach variety, treated with ench dust al each ol the 3 rales of applieation.
Later 1,500 seeds of ench lol were planted i the feld at Arlinglon Far, and 600
eneh ot Hars, Kaos., and at Dalhart, Tex, ® for studies ob emergenee and aisn on
smut eonfrol.

The temperabire during enrerpenee in the greenhouse ranged from 15° ta 35° C.
and avernged 25,6%  The soil moisture was adjusted to abowt 50-pereent saiu-

ation. The soil in the beaeb had been recently replueed and therefure was not so

baelly jufestod as that used in previous greenhouse experiments. As r resull of
these fuvorable conditions, emergenee was considershiy Detier than it was in Lhe
field planting at Arlington Farm, where (he average tempernture was 20° and the
rainfail .5 inches during the period of ciergence, AU Have, herlor moisture and
temperature comditions resalicd in omergence pereentages that eompared fnvor-
ably with those oblained in the greenbouse. At Dalban, extreme drotght con-
ditions alter planting mhibited emergenee Lo sueh an extent thay no dats of value
ecould e ob:inined,

Results on sl control were not obfained at Hayvs or Daihart beeause extreme
drought coiditions prevented beatling.  The data on sl contreol obigined o
Arlington Farm ave given in table 16, fopether with the dats on emergenee in the
greonhouse and in the ficid,  Becnnse the ditfercit spore dosages scemed Lo hinve
o effeel oo emergence, (hese resulis from the three lobs of seed are combined,

Tanns 0.~ -Ewmergence and snul control in 2 varictios of sorglum grown from s ui-
inoeileted seed treated with different fungicides wt 8 rutes of application, 1930
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On the whole, i these later planuings hetter cergenee and spa control id
il foliow cousistently the wse of dustapplications heavierthan thuse nsualiy recons-
mwended. Ja Londd, powergenee from seed weated with New hnproved Cerosan
i ihree tmes the reeommentded rite aveeyged 29 pereeat less than from seed
trestiedd at the standard e, white in Sharon kahic the avemge reduction was

¢ FPlhework ot Has =<, Kans,, am] Palhey, Vox,was doie by AL B Swasisen am) 1. F. Barnes, respreetively.
Their getierons asdistaney i gratefully aekogwledpged.
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oniy 3.7 pereent. Thore seemed to be no consistently significant dilTerencees in
either vaviety betwesn the pereentages of cmergenee from seed treated with the
ather dusts at 2, -, and 8 ounces per bushel, I Leoti four of she dusts effected
slightly Better smat coutrol when they were applivd nt the heavier mles, but the
opposite resuld was obtained with copper cachonate,  In Sharon kufir, sthut con-
trob apparently was not affected by the e of application of any of the fingicides.
The daln on smue infeetion and contral, however, were creatic, probuably becansa
of Inck of uniformity in soil conditions in the plob of gronnd used,  [nleetion in
Lhe eheeks ennged from only -6 10 28,6 pereent in Sharon and from 1.3 to 238
percenl it Leotl,  Paradoxicadiy, the lowest infeetion in (he Leoti controls was
from seed inocolated at the heaviest spore dosnee,

Althongh the best suun control was nbindoed with sidfoe, i< inefloetiveness as a
seed profectant plices #owong the less preforred Mingieides fop sorghum secd
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Fraers 20~ Mereury infury o seedlings of L1, Leoti sorge and 74, Sharon kafiv
ot e =oil Fratn seeds ccomaed with New Impreaved Coresan aba, 1o b, 1o
o Pl ounees per bosheld 30 davs before planine,

reeatment. Merko, which apparently had deterioried with e, Miled o
ventrol 2mut sttisfaetarily except o dlee #=eed ks receiving appliesiions of
S ounces per bustiol, Formaldobvde eliminaied smmt i four ont of six seed ots,
but it wlso reduced cniereence in four out of =ix rinls.

In an additdonal experinent to study the effert of defayed pinniing alter treng-
mient with New hproved Cevesan ot emiergenee and seedling injury 300 soods of
eacl log, trented with this chemien!, were planted in sterilizod soil, 2, 5, 15, 40,
and 5 davs alwer treatment, The reanlts, given in able 17, indienie that injuey
to thie seed Tollowing trentment with this material dopends vroce on the variery
apewit il an the pate of applivadion than on the eagih of e hetween treniing
and planting, Whe seed waos freated st the recommended mate of one-haif ounes
prer bishel mind stored for 30 days, emergenee was iimproved 3.8 pereent in Sharon
Rabie bat reddireed 33 peceent in Leotd, and L1 pereent of the Sharon kafiv and
TLT pereent of the Leori sorgo seedlings showed moeveury injonry. When i
duse was applied ag 2 and 3 imes abe ceconnended mie, cmergence was -
proved ot amd 204 pereent, respectively, in kalir but reduced 26.7 and 30,7 per-
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cent, respectively, in sorgo.  Mercury injury to the sargo seediings also was much
greater than o the kafir seedlings fig. 2. Donbling or trebling the period
berween treating and planting, however, was not always followed by an increase
in the amount of merveury injury, but frequently by a decrense.  Thus, emergence
in Sharon kalir was not greatly affected by the rate of appliention or the period
of slornme, but in Leoti both shese factors seewed to bave a proncunced etlect.

Tanuk 17~ Emergence and merctiry-injired seediings of Sharon kafir and Leoli
sorga from seed lretred af 8 ptes of applieation with New Improved Cercsan and
then stored for perioils of 2, 8, 15, 86, and 40 duys before planting
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Secd-treatment experiments in 141 were limited to testing the efliciency of
dpcergon, a recetntly developed, nonmetailic orgenie compound, in comparison
with New Tmproved Ceresun and copper carbonate,  “This materinl, consisting
of 40 percent Ietruchloro-para-henzogquinone, is a yellow powder of extreme
fineness, which adheres readily to the seed.  Felix (8Y has reported excellent results
from 1§ use on peas and cottonseed.

In Moy 1941, seed of Bharon kalir was inoculaied with spores of covered kerncl
st at a spore dusage of 1o [0 and separate portions of the smutty seed were
treated with New hnproved Ceresan at one=half vunee per bushel and with copper
carbonate and with Spergon at 3 aunees per boshel, The seed was planied in
June in 33-fovt rows at Bellsville, M, and, through the coaperation of A F.
Swanson, also nt Hays, Kans, Beed of kafir and feterita, treated as above, was
aleo plunted o the greenhouse at Beltsville where the average temperature was
ahout 202 O, doring the period of germinativn.  The data on emergence in the
greenhouse and the data on smut eantral in che Geld are giveo in table 18,

PTABLE 18— The vffeet of 3 seed disinfectants on energence and covered kernel smut
control in sergham in 1951

: [ Emergence in— Smutred hwls at—
; :
o Uate per - - - R -

: o hishel * Beliseille, "
Feterita Kutlr ull‘{ﬂllul' : ‘iérl.i“ll:.

Fewd izinfectant

|
1 Qistees Percent frereent | Percesd | Percem
Now Linproved Ceresan _L....0 . L 1 N7} Q E
L] e e aaaa . T 30 1l 1]
Copper arbonate, ... . R L 2 570 1) 1
Clieek.. . e | # 0 55.0 7.0
' B ' !

The beneficial effect of Spergon on emergenee together with ity excellent control
of coveretd kertiel st appear in justily placing it among the dust fungicides
suitable for treating sorghum secd.”

DI eagweriistent4 sh goven stations n 14912 10 whibeh stand i the comdrels ronged frane 0.8 ta 454 pereent
S 1 agin B preved cmergene s b congealled smu i Shacon kol when applivd be heseiiy sadted
seed At 3, U, amld by onnees per bitshiol, Shaitar reanlts were oblafned also with teieanethy-chinmmedi-
silivle, ferriodimerhy lafithiowrbsnate, nnd morphaline-diueomdisufide, dMenspto-benzothinzale wns
effective when applisd 21 3 annees per imshel. Sanoseed (22 peecent ethannl rereitrie ehlovlde) was rela-
tively inelective. LUKy, B W, NEW FUNGICIDES oY1 BEDPTCED FUNGICIDE DOERd FOR CTHE CONTIOL
OF KEUNEL sMUT 0¥ soligtya,  (hytopatls Noted Phiyviogseey, 520 100 1-1005, T2,
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