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Cheluical Seed Treatments for the Control 
of Certain Diseases of Sor~hum 1 

L. 

By n. \Y. LEt'Kgl" pillil%yis/. lJids;ou of CU{(Il CrollS (lnd Discuses, Bureau 
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Acil/lilli.~/f"{llio/(. 
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\\ IIl"Il p:tpt."r, lalu)r, anti IIl:u'hil1l"r~ art· Searl'C ancl lirllt' itself is at a /»re­
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"l1l11l'act fronl lIIaller. "hieh "illl!in' an~' rea tier a '1'liek ~rasp of the work 
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IIlalt:rial h.l:-' heen prc·~t."lItccl :~:; brit~fI~ a~ ~t'ClIl~ t'ol1:;i~ll~nl \\ illt retaining ilS 
8l"it·ntili.... value. rrhc lolcraut'c of rcalJcr:, for lhis \\ arlilll(! arrungclIlcnl is 
""Ii,·ill'd. 
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to dl'll'rlllilll' til('ir ('11'1'('[ on C'mergelll'(' :lJld Oll smut eOlltroCduring thl' 
5-.n'n r Ill'rioti 10:,,(-4l. 

1.11 sl'wl"l'iy illfl'sll'd soil in (h(~ gTN'lIhotlse. (lust fungieides usuully 
\\"('1"(' mOst l'frl'ctin' ill illlpn")\-illg ('1lI1'l"g('!l(,1' whell tlIPY were npplil't\ 
nt nil ('X('I'SS mlP. :lllhou~h t1I("- Wel"t' also 1)(,1I('(ieini at thp l"eC"olll­
llH'IH!t'd mtl'. 1IlIl'S5 5("-('1"1'1\· 'illfN;t(\ll ~n'(,llho\ls(' soil nnt! in (idd 
plots. hO\\"l'n't. IWJ\(:'lits to 1'Ill'l'I"gl'Il('l' frOtH thl' hC:\."icr dusl applica­

t ~uhmittt'd ror 1,uh!h""ltioHl \~\n,lHlllt~r HU2. 
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tions wcre no greater than from applicntiOlls at recommended rutes. 
III soil hellyily infested with SIWeil'S of P.IIfhiWtn, dust disinfectants, 

(won ",he'll itpplied in exc-ess, were relatively illefl'edive in improving 
emergl'IH'P at 15° C. and nlso, to a gl'eat extent, at 20°. 

In grecnhousc soil illf('stpd with spct'ies of P'1l8ariwn, improvement 
:in PIl1('('gPJlce ns a rcsult of sN'd tn'll tmpnt with the' morc efl'c('tivc 
dust fungicidcs was IIsunlly sli"ht at 15° C. imd Vel)' pronoullt'('ll 
ILL ~WO nncl 25°, cspccially when til(' cxeess mtC' of nvplicnlion Wl1ti used. 

'L'hC' averng(' illlpl'OvenH'nt in elll('rgC'ncl' followill" trentnH'Jlt with 
nine dust fungicidl'S of seed of nillc vluicties plnnl~'d on foul' dates 
I'Hnged [mm 11.1; percent for N"ew Improwd Semeslln Jr. to 31).5 
pcrcC'nt for cOPlwr cndlolln.te nnd averaged 26.4 pet'cent fOI' the 
fungici(\C's IIsC'd, whieh comprisNI six mereury lind three copper COlll­
POlllltiS, nIl npplil'Ci Ilt It mtt' of 2 ounct's per bushel. 

INTHODUCTION AND DiSCUSSION OF HESULTS 

Th(' importnll(,C' of sorghulll ns n, food !UHL fp('(i CI'OP hus heen 
pnhn.m'l'd by thp GovprnlllPllt's food pl·ogmlll. TIll'r('for!', tilt' puh­
ii.catioll nnd disst'milln,tioll of tilt' information eontnilH'ti in thi~ bllilplin 
to I"Psl'nl"l'h !lnd l'xtpnsioll wOl'kt'I'S !lrc ('sl)('cinlly timely ns till'se datil. 
should eOIlLl'ihutl' to b('ttC'1' sorghlllll protluetion. 

.B.('c'pn! bv('sligalions (8) ~ Iw.\'p showlI thnt th(' fill too eommon 
pOOl' stands of sorghum r!'suit 1'1"0111 sl,(,d-hol"llt' awi soil-hol"l\p fungi. 

Rf.'i:ttivdy [('w of tht' ynsf Hum bel' of experiments on s('t'd trentment 
within the pnsl d('('li<iC' Imve b('('n devoted to sorghulll. ~lnny of 
tilt' limitl'd lIn.tn. foulld in tite literature on 80l',rl1ll1l1 s('ed trentment 
c\l'lIi with th{' US(' of formnlt!('ity(\p nlld copper st~fnte solutions 01' with 
obsoletC' or ('omnH'ITin.lly ulHwniInbk fllllgieidl's. Consequently, in 
10:37, l'XIH'rinwll ts on sorghum sepd tr(,:ltmcn t with SOlllP of tiL(' mon' 
n'eclltl." d{'vl'loPNl st'l'd disillfC'('\unts wcre stllrted n.t the Al'lington 
Expprillll'lIt Fn.t'lll, Arlillgton, Ya. 

TI\(' n'slIlts of tilt'SP l'xperinll'lIts, whieh art' I'Pported in this bulktin, 
show thnt tr{,lltillg sor~hum s('('d witlt fungieitles 1)('1'01'(' planting not 
only improv('s stands' b.\' ('olllbn.ting thl' s('('d-hol'.lll' 01' soil-hol'ne 
ol'gnnisllls bll t nlso pL'l'vents thl' Ol'{,UlTcnee of loose nnd COVCl't'd 
kel'lll'i smuts in til(' llIn(urC' el"Op. 

The dalll. pn's('lltl'd in tilhlPs I to 7, ineIusivc, show tlmt under til(' 
condilions of th(';.i(' gn'('llhOIlSl' expcrilllPllts trl'n.tll1C'nt of sOl'ghum sped 
with cprtaiu dllst fllilgieidl's W'IlC'l"!llly was followpd by cOllsid('mbie 
imprrwt'm('llt in (,1Ilt'rgt'Il(,t' ('olllpnrpd with thai from IIntl'eated SPl'(\. 
'l'hp fungi ('ombn«,d hy til(' dust fungicitll's Wt'I"t' ehipfiv those' ulrcuciy 
pn'sl'lIl ill the l'oil, Ill' il' showlI by t\l(' pxcdlt'llt ('nwrgpJ\('t' fmm UIl­

tn'n.ted sped plultlf'lL ill stt'rilizt'd soil, ('\'('11 at I :jO C. (st'p lahl(' 2). 
That sN'd-hol'IH' orgullisllls !Ilso mn.\' impair ('IlWrgt'lIt·p, howpyt'l", is 
dcmOllstrn.U'd by t\t(' fuPi [hut s('pd tl'eatm('llt with dust fUllgiei<il's 
nt lill1l's wus follo\\"t'd hy grputiy iIII pm Vl'd ('IlI('rgt'lIct' t'n'lI ill sterilizl'd 
soil tS('l' lahlt' I), but Whl'll the' st't'ci WIIS first sllrf!ll't'-s\t'rilizt,d ill 
sodiulll h.\'pol'hloriLL' tIl(' 1)('IIl,til'i!l1 ptrp(,\s of elllSt fUllgil'ides 011 scpd 
in sU'l'il iZt'el soil Wt'I't' II':>s ('\" it\('ll t (:>PC' t!l bit'S 2, a, IWtl 4). 

Th(' ('{i"t,c:t of tpIllPI'l"H·tUl'l' !Il1d, to :50 111 l' ('xtt'llt, uf lI1oistlll'(' 011 

C'11lt'l"gl'Il('l' all([ on thC' bpllPlits del'ivl'd fl'OlU til(' uSP of dust fUllgicid.es 
is also "mught oul ill SOIll(' of the ('x.lWrillll'llts (scc iaules 3 nud 4). 

http:fUllgicid.es
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CO~THOL Ob' C},;nTAI~ DISEASES OF SORGHUM 3 

At 15° C., in soil infested with virulent 1'ungi, the usc of the better 
dust fungicides generally was followed by increases in the percentages 
o[ eme1w'nce thitt were relatively lfirge compltred with emergence 
from lUltreated seed, which, fit that temperature, germinated very 
poorly. At 20° Itml, to a.less extent, nIso fit 25°, the more effective 
dust fungicides l!iUlSNI increases in the n.vernge percentages of emer­
genet' that werc much larger thitn those at 15°, but, because of better 
pmergpnce from uutreated seed at these tempCl'iltUl'eS, the reit1tive 
inel'l'IlSeS were less impressive thitn those at 15°. In general, the 
nbsolu tl' incrense in emergence 1'rom trented seed was greatest fit 20° 
nll(l lensL Itt 15°, wherens the relativc increase was greatest Itt 15° 
lind lellsf; itt 25°. Llll'ge increilses usuully were oblnilled when the 
~oil WllS '/Jndly infested lind the fungicides were applied by the excess 
llH'thod. 

In 11 htte plnn ling in the gl'eenhousl' in less severely infested soil 
llnd ill three lield plnntings in 1937 in which the dust flUlgicides had 
bl'en applil'd al genel'lllly recommended rntes, increases in the per­
cl'nlages of elllNgenC(' dne to treatment wel'l' less .. pl'onOlUlced than 
in tilt' pI'l'\'ious gn'l'nhouse experiments in bndly infested soil. (Sec 
til.bll's 8, 9, t1ntl 10.) Again in 1940 (sec tnbk 15) statistically sig­
nilil'l1nt increnses in emergence followed the applicalioll of three or 
fo\ll' limes the usually l'('commended amount of dust fungicides to 
seed plnnled in IH'llYily infested greenhousl' soil, indicittillg thnt better 
emprgL'IH'P should follow the lise of reintiYely heil.Y,Y applications of 
most of till' llust fungicidc's than is obtuilH,(1 from the rute generally 
],l'conulll'll(led. HO\\'l'Y('r, in less sl'vor('\y infested soil in g'reC'uhollse 
lind field experiments in 1940, in which U;rep l'lltes of 11ppliClttioll were 
ngllin lISl'(l, no eonsisU'nt ndditionnl benefits to emergence followed the 
lISC of lil(, hen.yipr rnlcs of npplication, nud in SOIlH' cuses there were 
indieatiolls of injlll'ious results. These differences in results ttre 
nttributed to dilJ'l'rcnces in nH'iely, temperature, moisture, and the 
degl'l'(' of soil infl'slnlion. The.v suggest the !1:h'isabilit'y of npplying 
('('('lain (lust funl!;ieidl's ut h\ 0 01' mOrt' times the Tl'commencll'd mte 
whl'n sl'cd is to 'he plllntl'd in cold soil thnt is hl'n\-ily infested with 
injurious fungi. 

'I'll(' fnilure to control cover('(l kNnl'l Slllut sntisfnctorily in 1937 nnd 
In;3~ with dllst fungieides nppliNlnt thl' mte of 2 or 3 ounces per bushel 
(S('C' lH.hll's I () nnd 11) mn.'- he nttribuled to the IRck of suflicient fungi­
('i<lnl du;;! to inllctinl.lp nil of the smut sport's on till' seed under the 
ll.ppn.I'l'ntiy ideal cond.itions for smut dcvelopment pl·cYll.ilillg dming 
l'llll' rgl'lIC' l'. 1n such nn pll\'ironment thp hl'llY,Y SpOrt' (losngl' (,lIlplo~Ted 
imposl'd an exe('pti()llnll~~ SP\'C'I'l' test on the· il.bility of the fungicid('s 
to 1)L'P\'l'lll illfl'clioll. 

In thl' ('xIWl'iml'nls of 19;3t1, HHO, und 194~, elwironmenta.l condi­
tiol1~ t1pp:ln'lltl~- Wl'n' less fnvombh' for smut dcvelopment thll.1l in 
In;) I a nd In;)~ (S(,l' tn hies 14, I i). 1H, and 18), or possi bl}" morl' conducive 
to fUlll!;icidnll'lIil'ieIH'Y, and llIort' siLtisfaetorv eontrol wns obtnined. 

In ;wtual farlll pl:nelicl'. sorghulll s('('cl 'clll'l'ying n SPOl'(' dosngl' 
o( 1 to Ion IS mrt'I~-. if P\'PI'. planted, and. th('refo!'('. n. similtu' fnilun' 
to ('lHllrol smut with thl' \)!'tll'1' dust I'ungici<i('s. if pl'Operly applied, 
,md<l hurdly o('eul' until'!' IW('I't1g-l' farm cllnditions. 

III lipid l'xp('L'inl(,llls in 1937 nlld lt1;3S, with a fl'\\- excl'ptions, 
l'xlI'!'I1I('ly poor control of c()Y{'n'd kl'nwl smut followed thl' lIse of dust 
fungil'idl's applied to hl'twily slIlultd sL'NI of dilJ'erl'nt vitrieties at 2 

http:inllctinl.lp
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or 3 ounces 1)('1' bushel. Subsequent e:xpel'iments under controlled 
l'JWirOlllllCl1 t indicntN1 thnt conditions extremclv fnvornble for smut 
illfpctioll lUHl possibly not conducive to Sl1lltt"control, nlong with 
n hClt\7 SPOt'(' dosage nncl n, hi~li perccntage of seed with ndhcrent 
hulls, W,.!l·P responsible for this lnck of n<ieqllnto control. The dust 
fUIl~ieides most JlL'i\,rly efl'ective in controlling smut undet, these cl'iticnl 
conditions w('I'(,: K ('w Improved C'el'esnn, }.1el'k° , copper cn;rbonnte, 
bnsi(' (,OPPCI' slIifatt', cuprous oxide, Cel'esnn, New Improved Semesltll 
.h" and sulfur, In experiments in 1939 nnd 1940, most of these 
lIutt('riitis ('ontl'Olled smut sntisfnctol'ilv, Snl1os('ed and the Barbnk 
s('cd-('ol'lI disinft'etnnts, togl'lhel' with severnl otliet' fungicidnl dusts, 
whilt' ef\'ectiv(' in promoiing emergence, fuiled to show promise fiS 
smut pt'('vcntin's, 011 th!' othcl' hnnd, sulflll', which fniled to incl'el1.8e 
(,lllt'l'gP1H'P appl'ceiubly, contt'olll'C1 SIllUt ('fIOt'cti\Tely, Ensic copper 
sulfat!', CUpl'OUS oxide, Nt,,,, Impl'o\'ed CCl'esun, COPP01' cn1'bo11l1to, and 
Slwl'gon nppCll1' to be ef\'ecti\'l' for impl'OYlng emergence and also 
for cOlltl'ollin~ <.'ovc1'('(l 1\:el'1wl smut, 

('h Inri Ill' illS, sodium h,\'pochlo1'il(', and fo1'mnldehy<i(, solutions 
conll'ol\t'd Slllut efrl'(,tin,ly, bUl tl\('i1' usc is not 1'{'('ollllllcllded becn.usC' 
of iJl('OllYl'llil'nc(' of npplicatioll, cost, or sc('(1 injUl'Y. 

Till' PI'l'St'll('P of gluJlH's 011 sOl'ghulll sel'Cl1'cduced the thoroughness of 
Slllll t con ll'ol by nOIlYolnt.iif' dust fungicidl's, 

Plant.ing Slllitti(,d spNI in soils the'moist.ul'l' content of which hnd 
hCCll adjusl('(1 to 30-, 50-, and 70-percent. sn.tUl'n.lion t'psulted in 26,8, 
SUi, aJld ii,n ppt'('('nt SIllUt, inf(,et.ioll, l'espcetivcly, iJldicating thnt soil 
about hnlf snlul'Htl'd .is much 11101'0 conducive to smut development 
thun l'xll'pmcLv wet or dl'Y soil. 

Sp('d inju,'y'due to tl'l'11LIlH'lIt, with Nl'''- Impl'OvNI Cpl'l'san s('c111ed 
to c\C']wnd lllore on "HrieLy l111d l'aLl' of npplicntion than on length of 
pl'l'iod of sl()J'ngl' nJtt>t' tl'l'n,tnwnt. ,nH'll sl,t'd wns pln.nted 1 month 
nJt.t'l' \.Jping lr<'lltl'C1 n.t ~~, 1, und 1}6 OUIU'l'S pel' bushel, emergence in 
Ll'ot,i sOl'go "':\S I'Niu(,l'l1 ii,:-l, 2H,7, nnd 30.7 pel'Cl'llt, I'Ps]wctivcly, and 
t Li, 2:~,(j, n.nd :~(j,ii IJl'L'l'l'nt, n'sp('eti\'t'I~·, of thp spl'dlings thn,t, omcl'ged 
shmn'd 1111'1'('111'." inj 1ll'Y, In Shnl'on knfir th('J'p was no reduetion in 
l'IIIPI'gt'IH'(' nllt! 0111." 1.1, l,H, and ii,O PCI'('pnt, l'esppetivdy, of tlll' 
s(,p(ilings showl'd men'ut'.'- injury, A longPI' pcriod of storng(' did not, 
I'NHdt. ('ollsistl'nti)' in nn ilH'J'l'nsl' in injul'Y, 

Spel'goll, H 1'l'l'l'lltly dl'Vl'lopl'd llolUnet:tllie ol'ganic s('l'd disinft'einnt. 
('onLnillillg Of! ]WI'('l'llt tl'LnI('hlol'o-piU'n-lwllzoquinonl', in (.wo sepnrate 
t'X]H'l'illll'lltS in t ."('ar pl'rfl'ctl)' ('onLl'olh,d l'oV('I'l'd kCI'Il(,1 smut Hild 

~1'l':1.tl.'r impt'ov('(1 ('IlH'l'gpn!'p "'ithout nil." indication of sl'(~d injury, 
In one expcrimellt. 5,! lH'l'l'l'lIt :lIltl ill the other 37 percent of the 
untreated cheeks "'l':' SJlluLl<,d, 

H.E\"I.EW OF LITERATURE 

Fortlwhl!'hyd!' and, 10 ~()JII!' cxlt'nl. eopp('r Rlilfaip :;nlllt ion;; \\'cre for man," 
,\'l'nrs th!' prilt('ipul, if not tht' "oil', fllng;ieidl'': 1I,,('d for In'ating; ;;I)rg;hlllll H'ed, 
,Inhn:;toll and ~1p1l'IH'r:; (Ii') eondlletl'd ('xtcn"i\'l' cxpel'iment:,; frolll IOIR (0 1!12iJ, 
d('sig-IIl'cl l'hidl," to dl'('l'Il1ilH' ! he !:'af(':;( and IIIOSL efl\'ct h'c lIIethod of u;;ing­
fOrIlIUldl'h,\'(I(' for tid" PUI'PO"l', A I-hullr :;;oak. ill a 1 to 2·10 solut ion sCl'lIled to 
g;iv(' th!' 11(':« r('"ult;; U,'(,I' a il-,\'('ar p('riod, A IHlIllbcr uf pmprietar," COIIlPOIIII(I:;, 
most of \\'hieh :l!'(' flO\\, ob,,;nl(,t(', eOfllaining org;aIlie IIII'n'ur)', phenol, crl'l"ol. or 
othl'r lIIal('rials in "o!,lliun \\'('1'(' fOllnc! to b!' fair'" cITl'l'lh'(' in SlIIul' l'ontrol. 
Xill('\('l'Il dUI't fung;i('i(II'" \\'('1'(' ! ripe! allc! at l!'aM i2 of 111('111 pron',1 ('ITp(., ivi-', 
('hid iIIlltlllg; t ho"(' no\\' a\'ailuhll' ('OIIllIlI'I'l'ially \\'('1'(' ('opper carbonal (', (IPhye!rnt<'d 
l'OpPl'1' :-nlfal(', and ';lIlflll', TIll'St' lI11l(('I'iab, tiJlPIi('d at. :L rat.(' of 2 (l\\ll('('~ per 
hUl'hd, Iilllitcd th(' SllIut to an :l\'crng;c of less 1 hall 2 pcrccllt. of the plallls ill ·1 
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CON'l'ROL OF CER'l'AIN DlSE'A:SES OF SORGHUM 5 

varieties. while an average of from 12 to 17 percent of the plunts frolll untreated 
seed w(!rc infected with SlIlut. Finnell (1,), in 1920. report·ed that: copper ear­
bouutu and Hilyer Dust. whun. applied to the seed ut the rute of 4 ounces per bushel, 
gre!\tlv illlpro\'ed stands. l\lllllut (6),in 1927, secured control of Slllut. in Indiu 
with (lurlllii:illn. f:\wunson und Getty (15), in 1.!)30. used Fspulun unci Sell1eSlln in 
solution lind copper cllrbonute unci Buyer DII>'t as dllst. fungicides to improve 
stunds in feterita, kut1r, l\IId S~lrgo. Cppnl nnd J)e:;lli (l7'), in 1!)31, reported from 
Indin thut copper cnri>olillte and sulfur were lI~ed sueec!5:sfully to prnvent smut in 
Horghllll1. Deh~'drntcd copper sulfnte UllOO was effectiv(' but, becuuse of absorption 
of moisture, did not retnin its powdered form und hence wus not recommended. 
\\'ulluce (18), in 1.931, in 'L'ailgnnyiku, recommended immersing the seed in a 
2-percent copper sulfute solution for 15 minules or in n O.f>-percentforllluidehycle 
soilltion for 2 hours. Plymen (1S), in [9:33, reported from .India thnt. (!opper 
cnrbolHlte was eonllidernbl~' more effective thun 10IIlfur in SlIlllt control. 'L'akusugi 
und AkuiiShi (16). in 1!l33. reported thut in i\lunchuriu, sorghum smut was effec­
tively controlled by inlll\ersillg the seed in solutions of formulin, copper sulfate, 
l4emesun. t'spulun, Tillunt ill, or lime-sulfur for the propel' periods. i\!cD(Jlll\ld 
(t 1), ill wan, stuled thllt. in l\:enyu, Africu, sorghum seed dw,ted with Abavit B 
und Bayer Dust reduced the occurrence of smut from 2G..I percellt to 1.2 Ilnd 2.1 
perl'enl, respectively. An Ilnonymous report (I) from Bcrnr, in 1930, indicuted 
Ihllt copper curhollllte, sulfur, Ablwit H, {'eresun. llne: Agro"un G reduced the 
incidence of covered smut from 11.2 percent lo le8s thlln 0.8 percent. 

Hendcrson,3 in I!).1.1, reportcd lhnt in C'olorndo complete control of sorghum 
kernel smut wus obtuin('d wi(;h i\ew Improved Cerl':;1lI1 une! yello\\' ()xide of 
Illercury. und thut copper curbolllltc Ilnd cuprous oxide reduced it. to less thlln I 
))en·ent. 1\'rom 23 to 33 percent: of the plunt:; from untrl'llt('(\ sced were infected. 
\'Il(' "l'ed trelltments were reportpc\ to have increllsed the stund by amounts runging 
from 38.5 t.o 108 percen t of the stund from unlreuted sN'd. 

El-Heluly (2). ill 1!):39, in extensive field experiments ul Dukki, Egypt, tried 
(;ermi"1lI1, F:;pllilln, formuldehyde, copper Hll1fu(l'. copper ucelate. copper nitrnt.e, 
:wd eoppel' chloride in solutions, und slIlfur. copper cllrbolll\te, CllprOIlS chloride, 
cuprous iodide, mercuric iodide. and AgToslln c: us dusts. All materials used us 
solntions gll\'e saUsfuciory Slllllt control us ulsn did til(' dnst Agrosun G. None 
of the other du"t:; WlUi fOlilld sllti~flletory. ('llprOU::i chloride and cliproll:; iodide 
itH'r('nsed susceptibilit.~, to smut infection, ami mcrcuril' chloride ,;everely injured 
the s('ed. The infeclioll froll\ untreated Sllllltt~· sl'ed rllIlgl'd from 0 to 35 percent, 
depending on the ml(' of inoculation Ilnd th,J time of pllllllilll-(. 

A number of additiOllal brief referellces to sorghllm smllt control found in 
ullnlllli reports of invl'slil-(u\oI'S in Egypt. Illdin, und Chinll rccomlllelld formlllde­
hyde, copper l'arholla\e, lind slltfur most freqllently for the control of sorghllm 
kl'rnel SllIllt. Liltll' mention i::; mllde of the u~e of seed lrl'utlll<.:llt:5 for the purpose 
of obtaining bett(~r "lands. 

MATEIUAL AND METIIODS 

SElW USED 

Tn the l-(reenhouse stmlies on the efTect of treutment on emergence, fetcritn was 
mOf;Oy ll~(,(l. This variety has Il IlIrgp ,:ccd with II reilltively thick, ;;oft f;('('d coat, 
which mHk(,s it vpry sll$eeptihle to IIttaek hy declI)' org:lI1ismH wll('n it is p\:lIlted 
in 11 ('old, wet !'oil (8, It)). In silllilar stllrill's in th(' fidd the following nllmed 
\'lIrietie;; W('Te uRed: Spur fcterita. ('Iuh, ('hill:ex, Ilnc! ])lIri'o frOI1l LuwtOIl, Oklu.; 
Kllnl:'HS Ornng\' sorgo from Chillicothe. Tex.; DWllrf hCl!;:tri from 'Voodwllrd, 
Okla.: Ilnd l:'lmron klllir, Dwurf Yellow milo, and Sumac sorgo frOI1l the Arlingtoll 
ExperinH'nt Farm..\rlillgton, \'n. III thl' :;1 udies on Slllllt cOlltrol. kalir, hroolll­
corn, lind sorgo types werl' USl'd. Shllron kafir was lIsed III\:j year!': Hlaek HpaniRh 
broomeol'll WItS ll::'NI ill 11):)7 and Sellrborough broollll'orn in 1!l:iR and Ina!); 
Kallsu>' Orn'lgl' >,orgo and Hurnac sorgo wen' u~ed ill ID37; und Leoti sorgo in t938, 
1 nan. unci 11)·10. 

INOCULATION OF SOli, ANn SEEn 

III ('('rtnin l-(rp(,llholl~(' !'t lIcli"" ,:uil \\,:\,. IIs('(1 t hnt had 1)('('11 prC'pan'd pr(·\'iow;ly 
[or 8111di('" on s('ed 1'01 :lIld dalllping-olf in "orghlllll (S). Thi" ;:oil had 1)('C'n l"leril­
i7.('(1 at 15 pound,; "[l'am prp,;"uf(' for:! hOllr:; on ('uch of 2 dn.\'::'. alld sepaml(' por­
tiuns hnd be(,11 illoculnt.C'd with ('lilt 1m'" of rUIll!;i. Ill[)~tl." i"olat.ioll" of Py'ili/l/ll "pp. 
II nd Fusarium spp. that: had b('('n fOllnc! en puhl(' of ('11 w'ing ;;('('d rnttilll!; or dlllllpinl!;­
off in i'org-hlllll. Thi!' illoelllll\('(\ "uil \\,a;: stored ill lllrgp l'O\'('rNI Illl'tal eans ill n 

1I1t::-':llt:H~o.\-: \\. J .. J)K~1()~:;TH.\nU~~ SIIO\' \"~\L.t..}<: In" dVH\;Hl,.'lt ;5l-;r:u 1'HJ-;.\TlIl-::':T 1~ ("Ol.OR,\I)(), 
Ell,. I'nth()lo~lst 41i: :l(Hl~. Hili. [l'rul't'ssc(1.1 
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baseuwnt. Supplit'fl of unino('ulnted stt'rilizrd and unsh'riliz('(\ Roils used n~ checks 
II'pre sillliladv "lorNI. 

Fur the ~Ltidies 011 SlIIut control, hends of sorg-hUIll plltllls infeded with cm'erN\ 
kerll!)1 SIIIUt were culledI'd the pro"iOlls 8UI11I11('r, dl'il'd ill th(' g-l'ecllhou"e, brokell 
up, nlld "irted throllg-h It (iO-me'Hh ::;inve, The SIIIIII WitS stored ill g-Iass cOlltnillers 
ill n r(>frig-el'lltor at 10° C, ulltil lH:lPCI. In H)37, l.!l3R, lind 1!HI, the seed WIIS 
inoculat('d nl a spore dosng-c of 1 1.0 100, tluH is, 1 g-Ill. of SlIlut 1.0 1001-(111, of seed, 
111 H13!) alit! 19,10, sporc doslL!!;es of 1 to 300 nnd 1 to 600 alflo were illc1l1dcd, 

SEED DISINFEC'I'AN'l'S 

Nine\eell mllll'rillis \1'1'1'(' tri!'d ItS s('ed disillfC'elallts during- tht' 5-yenr Il('riod 
Of thcHe, S l'OlltuiIH'd IIll'l'('lIr.,·, ·1 t'olllailiNI copper, 3 chllll'illC', I sulful', I Zill(', and 
1 fOJ'llulhh'h,\'{I('. Two of Ul(';;e nutil'l'inls wen' tC'sted fIJI' n;;I'u!'ons, 1,2, und 3w('re' 
tri<~d for ,I, :3, ulld 2 years, l'l'spccli\'('ly, and II \\'('1'(' limil('d to II, I-Yl,ltl'tt'st. 

TIll' mutf'l'ialH cOlltaillill),!; mf'n'ul'," wcn' ('erl'snn (2 pereent elhyl mcrcurir 
chloridl'), Xpw Improvcd ~('lIlp~all ,II', (I I)('rcellt ('t hyllllel'ellric pho~phat"), ;'\'pw 
I III prn \'('(1 ('l'rp<l:tll (5 pen'Pllt l'lhyl mpJ'('lIrie phOflphatl'l, l\arlmk Ifl (10 pl'rC('lIt, 
lllel'clIl'ie phl'II,\'l cyalllllllidp pillS 5 Pl'l'Cf'lIt I('ud diethyl dithiGphusphllte), Bnrbak 
3(i-;{2 --H (5 1)('I'CPllt CIl(II11illlll carbollutl' IIlId 10 1)('I'CI'llt. nWl'cliric plH'lIyl cyalllllll­
'dp), Bal'bak (' (2,n perePllt cadmillm o)(id(' und S percCllt IIll'l'curie phpllyl CYlllIlllll­
id(') , '\\('I'ko (:3,5 Pl'I'C('lIt IlIPI'CIII'Y ill illPl't IIlHtpl'illll, allrl Hallos(,l'ri (2 perccllt­
('thallol llIercuric chlol'ide) ,j 'I'hl' 1lI11t:priul;; ('olltainillp; COpPN W('rt~ copper Cllr­
bOllllt (', ImRie l'OPI,er sulfate, ClIPl'llUH ())(irie, nnd ('oppcr oX,vchlnridt', 'I'h(' rl'llIaill­
illg- IIlall'l'iuls \\'('I'P: \'uHel!.1 (nS PPI'Cl'lIt zillC' o)(id(" 10 pen'l'lIt, zillc hydl'oxidl', and 
., pl'n'elll zille slIlli(h'), sodiulll hypnehloritl', chlorine g-ns, slIlfm, forlllald('hydc, 
111\(1 HpC'rg-on (!ll) !lpn'l,,,t Irll'llchlol'o-pam-lJl'nzoq lIinollll), Two lIla\;l'rials COII­
tllillillP; sodilllll hypot'hlorit (' Wel'l' USl'(\: A ('onlJlIPl'eilll prodllC't called ":\1. 1.':, 
C'hlorilH'," ('Olltuillillg- UllltlllP; othpr ing-I'('(lil'l1t.~ 7.1i Pt~I'l'I'II" sndiulIl hypochlnrit'(" 
lind llycloritl', a conlllH'l'einl "-PI'I'CPlit sodilllil h,\'poehlol'ill' SOllllioll. Chlorinl' 
f..!,lll< wa,; illeludl'd ill conlll'clioll with stllrli('" em llIad(' of tlris llIatl'rilll at; that HllIc. 

In tl\(' prl'litrlillar~' 1-\I'('('lIhom;l' pxpl'I'inl('lIt", thl' fUIlp;icidnl dusts \l'prc applil'd 
by th('tlxc'pl's IlIl'tlllld, thut i~, UII eXCl'::;;; allloulit of l'uch chl'llIical dust" wus applied 
to II sl'paratC' portion of :'<'ed, wlrkh Wai" thoroughly ~hak('ll ami thc (,XCI':<11 dust 
thpil l'('llI()vpd by sil'\'ing-, • A bu,<lwl <,)f <'l'("(\ nlll," thus I'l'tain fl'olll <\ to 10 ounces 
of dust, depending UpOIl til(' ;;pC'('ilie),!;mdty and filll'llt,~~ of til(' du;;t, til(' size of 
tlH' ~('l'd", IIlId Ilrl' ('lral':H't('\'i~Iil:I' or till' ;<C'prI ('!lat!', III til(' lipid ('xp('rillleIlI'R ill 
10:37 alld 10aR, thl' I'l'clllllnll'IId('rI qlUllltit," or ('arh dust wa~ wpig-II('d lllld llPpliN\ 
to lL w('ig-hpd quantity of I'l'('(\. III 103!), Ii,,!, of lll(' du~l;; \\'('1'(' applil'd by till' 
PXCl'';'; IIl('thod, bllt. XI'\\' [ml)l'O\"NI ('t'l'l';;an WitS applif'fl at thl' rat(' of olle-half 
OIlIH~l' IWI' lJu;:;lwl ,,('v(,!'H1 daYH bl'fort, plalll illg- hy plueillg thl' l'('lativt'ly "mall 
qlllllllit.,· of ;;('pel to IH' plalltp(\ ill:L Ino';l'ly t il'd ehpt'''l'dnt h ~al'k nlld 11lI1',ving- it: ill a 
half bu"lrl'l of ,,('ed, wlrit'h \\'as thl'1I tTl'atl'ri wilh thl' salllP nlllt!'rial at the mtl' of 
OIiP-hlllf OUII('P pCI' IllI"hl'1 ill a l'otal'Y lllixer. 

III Cnll'I'),!;<.'IIt'C studil'I' illvo!\'ing difl'('I'('nt telllperaturcs, Sl"'('l'1l1 portiOIl" of 100 
:<l'pd~ endl frolll l'IIt'1r tn'aIPd lot wert' plalltl'd I ineh rIpep ill ;;ppnmh' IIlei,al boxcfl, 
·1 hy S illellt's alld ;) illeh(',; rIc'('p. 'I'hl'''(' 11'('1'(' pln('('d ill 1\\(,'1':11 p:IIIH, 2(i h~" 12 hy ., 
il\('h(,:>, lillN\ wit h IIlOist hlot tpn; and ('()"f'l'('d to kp(,p tht, soil I\lOistlll'p COIIst:Ult, 
durill),!; g-Pl'llIillnti()1\ n.lld ('lIrel'g-PII(,C'. ,\I thc limp of clllCrl-\('IIl'(, thp 1II('lal ('II\'PI' 
WII,' l'C'plal't'd by glass allel al'lilidal lig-ht wa" lI~pd to mailltaill ),!;rowlh, Thf' 
C'tlll,;tallt t('IIlpt'rat Ul'(''; W('I'(' mailitaillPd by arlifit:ial refl'il-\('mtiOlI or tht'rll1o­
sta[il'ally cOlltrull('(1 ht'atl'r;; ill "pPl'iall." l'ollstrucll'd CIUlIlliJl'l'>'. 

III :;ludil'H in th(' g-I'('('uholl!'l' thl' sPl'd wag plallted I to l'~ iUl'hl''; deep ill stlil 
adju;;tpd to ahtlll!- :iO Pt'l'('PIlI of its watpr-Irolding- capu('i(,'" Tlrp tellllH'rat lin' 
ranf..!,l'd frOIil to 2R" C, during- C'nll'rl!;('IIN' hut. \\'a~ IIlllilllait,,'d us I\('al' 20" liSIRo 

pu~sihl('. J)nla on ;;(nlld WNt' takc'n 7 ttl 1·1 da."" nft('r plalilill),!;. 
In lht' lipid l'xppl'inH'lIts on th(' ('II't'l'l of :;<p('d trl'a.tllll'lIt till "talld, 200 ~(,I'tl" 

W('I'(' plHll1 {'d p('r IO-ftlot I'OW. Tlren' were :~ rppli('at i"l1~ for t'aeh (l'enlll[('IIt 
applil'd ttl ('ueh ,'nripty plantl'tl On l'al'h of:3 dull'S, 

In tht' l'xp('l'illll'lItH Oil Sllllll COlltl'lll, I hI' H('"d \,'a~ plantpd b." hand HI' thl' rat(' of 
nllout 2iitl <'Pl'd" pl'!' ·I·I-fool 1'\1\\', Lall'l' thl' plallt;.; '\'('l'{' thillllPd to I'l,,' pl'ol,,'r 
';land. [11 Iu:ri', llr!'l'p rpplil'at iOlls W('f'(' lI~('d: in I !laS alld to,ll, It Hillp;lt' l'('plieH­
lion \\':t,o; plantt'd on l'neh of 2 dnt('s; ulld in l!)a!) and 11),10, a. ·I,I-foot row was 
dp"ot('d 1.1.\ ('neh fnllg-il'id(' lIHl'd fur ('arh M :3 spor(' dOl'aI!;PH Oil ('a,'lr ,'arit'ty, III 
IOa7, datu \\'('n' lnk"n on thl' Pl'!'l'Plitag-e of ~1lI1111('d I"'ad,, Hlld, \\'hprl' posl'ihh', 
nl;;l1 on th .. !lPl'l'I'II I a 1-\1' of "1I1111 ted pl:l.llt;;. III I'IIP r"lhl\\'illg- ,,'parH th(' data. till 1'111111 
il1fpl'! \011 ill t hi' lipid t'''I)('rilllt'lits W('I'(' lililil I'd to hl'ad (.""\llltH, 

• til'rllli"'l.Ul. a 1tH.'J'('uril:11 Il~t'd in ::ollition Hllil nl InVH'nt not COlTlll1t'n..'iully n\"uitnl)I~\t \\"ns 11$t'd in ont' 
l'xlwrillh'Ut. 
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EXPERIMENTAL RESULTS 

EFFECT OF SEED TREATlIENT ON SEEDLING E:~IERGENCE 

In!t preliminary experiment on the efT<,ct of ;;erel-borne anel soil-bornc orgnnisms 
on seedling emergence, each of several portion;; of seed of feterita was trented with 
1 of 4 seed disinfectants and planted, nlong with untreat.ed seed, in flats of soil in 
2 parallel 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. 'fhe results, given in table 1, indicnte that both seed-borne and 
soil-borne organisms were factors ill reducing emergence. Germisnn, used as a 
0.25-percent solution, was most etfective in improving stnnds where only the seed­
borne organisms were involved, while Ceresan was most etfective where hoth seed­
borne and soil-bornl' organisms were present. Formaldehyde treatmentappnrentiy 
increased the suseeptibilit,y of til(' :::eed to nttack by soil organisms. 

TABLE I.-Ei)"ert oj seed tiisi'njec/cl1Its am/ soil sterilizal'ion on emergence oj jeterita 
·in. the greenhouse a/ 200 C., 1937 

Bl't:.'d t.reatment Emergcncc in soil 

Khlli HlltQ Sterilizcd Unstcrilized 

Ptrctnl Ptrctnt 
NOllC· .• _.. ~ 27 9 
Cllresan "_.. NXt'eSS~::: ~ .. ~:- ..=-:::::::::::::::::::- 'in 51 

............. .. do___ • __ .... _••_.. __ • ____ ._., 
~:ornll!"lchyde . 53 4 
('()lll~r cllrl><,nllte. _ [~j 48 

, 1;240,1 hOllr. . ....... ___ ..._. __ .. 
(It'rllllsnn _. , 0.25 percent. 1 hour ~ .. _. _.. _~_ ..... __ ,,~ sa 3; 

l 

'fu determine tIll' t'!l"('l't of certllin tYPl'S uf soil-bofllc, orgtllli81lls on emergence 
alHl the d('!{ree to which they c!tn b(' combnled by seed treatments, seed of Spur 
feteritn was plnnted in sterilized soil that had been artificially infested with 
cultures of a number oi unidentified species of PythiulIl or Fusarium isolated from 
soil (8). '1'11(' >ieed wus surfIlC<'-8terilized in 2-percent sodium hypochlorite for 
30 minutes to eliminate the effect of seed-borne organisms. Separate portions 
of this sped were dusted with differeut fungicides using the excess method and 
plnnted in the artificinlly infested soils and also in sterilized soil not urtificially 
infested. According to the dntn given in tnble 2, the Pythium. SJlJl. were more 
injurious to emergence ami l('~s responsive to the fungicides than were the 
Fusarium tipI'. Thl' mercury dusts seemed to be more effective than the cop­
per dusts ill improving stands. 

TAIlI,r:; 2.-I~jJect 0/ seed treatment wilh dusl fUllgicides I 011 emergence oj SPill' 
!eterita':'l sterilized so,:z artificially inoCII/ated with Pythiu1I! spp. or FII.~ari1L7I! 
Slip. and k1'111 II/ all (lI'erage temperature oj BOO C., in the greenhouse at ilrlingt01< 
/'JxllerillH'IIt }1'arm, 193, 

Emen.!I'Il('{' in sterilized soil 

Inorlllutcil with­
l ~Jlhtol'­
ulnted 

}"rrcrnt /Jcrctllt Ptrce1l1 
~OJlt' \!.l II 21 
:\cw ImprO\'l·d ~eIl1(,s:ul.Jr. Uj ~~~ 87 
;\krkll ..... , ..... U3 :!(J U~ 
nnrlJnk III _..___ • __ ... !If) 21 9ti)
Ilnrlmk 3G-32-11. ___...__ .... '14 ' !1I98 I
Cuppl'r (·nrhonllt('~__...____ ~~~~. ~ . 911 j in i i;l
IInsi<' eOI'P,'r slllfntc .. ___ . __ .• ___ _ Vi I 14 6. 
Cllproug oxidl'. . _~ ~ _..... e _. ~ fl8 : I~ 81l 
(~l'n.'S:ln __ ?_. 96 42 : 85 
~('W Impro'·l'd Ccrt.'$un 3 on < :18 ' so 

1 .All t.lll' flll1l!ii:idt.~s wert" npplit'd hy tht' ('\':('!,.\$..,~ ,Ilwthotl. 
} Th,,-, :-:l,(,tl had ttrst bl'l'll surful'l.... Sll·ri!izl't! in ~ pl'rl'l'llt. :;odiultl hypochlorite for ~~ hour, washed, and 

tlwro1J~hl~ drll'd~ 
J This fUIl~i('it.lc wa~ npplit!t.l diluted wit h -t purts of lule. 
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'J\, , .."I th.. "lr",'( or <111,;1 fltll!!:i('i.It-" "II t'III1'r.~I'I\l't' ill il]f"_It'<1 ~llil at ditr('I'('III 
r,'llll"-rlltlll'I". "'I'" "f :-'1'111" (!'Il'l-il:I, 11·l'lll,·.! allo! 1IIIln':tIl'd, lIa,. pl:tllll'd ill fU1I1" 
diJr"I"I'1l1 1"1- llf ""il; \ I· :'.1l'l'i1it.l'd :tlld 1IIlituH'lIiall'd; .:!, -<IPI"i1il.l'd alld ill()('ulalt'd 
II jtli I)'it/till/II 'pp.; I:{' "l .. riiil.!'d alld illlH'lil:tlt'd \litll FIl"llr//(1I1 spp.; alld (.1) 
IIlhll'l"ili!.pd alld 1II1iIlO('lIial!'d, l'lIt kllO\l1l ttl Ill' natllrnlh' illfl'SI!'t! \lilll 1':ll"iUII~ 
"r~nlli'Iil" ,ll-it'I('doll" I" l'IIIPI"~(,II('l' ill "()I"~illllll. (lll" hllll;in'd ",'('t!" II "I'P plallll't! 
fol' ,'llPI! ""1I1bl!Hlli,," "f "1111. ,,(,pt! In'lIllll('lIl, and il'lIlJ)('l"lIllll'l'. '1'111' 1"""1111" ai'" 
!.!lll'/l ill labl .. ;, :1(·01 ilitl,,1 rutt'd III fi~lIl"l' I. 

,,,, HI' t, t:th'ct of "",'d tl"l'alllll'lll anol -oil inf,'-I:lliuli Oil (,III1'I"~t'II"" ill :-'PIII" 
f.·~,·rtt:l at:!lI (' .1, ,-:t"l"illlt'd, Illtillll"tilal,·,r -"il; i1. IIlls1"l"iiil.,'d, IIlIill.,('uial"d 
""l11111lllralll illf..,Jpol;( ,'It'l"ihll,oI'oii ill'H'lIll1l"oI \lilh ,",,,,,,,"ilillt -JlP.; ]),,,I"l"i. 
ii"'d -"iI it,;,,'ulal,'" lIilll [',Ii,illll. -PI'. :-;",'d 11'1':11110('111-; t., :\"1)('; h, :\"\1 
[mpfll\I''\ ~"II"":I:' .11' ; ,'. ~1'·l"k";.I, Ibrhak til; I, Ilarl·ak :l!i :,:! H;/, ('oPI"'" 
(':trhlllJ:lIl'; '/, \'a-[I' ""111"'1' -lJ[t"nl,': I, ('lIl"'''t'- ."id(·; I, ("-I"I'-all: j, :\"\1 lilt, 
pr\l\ t,d (\·rl' .. ~t~ .. 
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'l'AnLE 3.--BJ!ect of soil temperatllre, soil 'il/fe.~l(lli()n, and seed lrealmcnt wilh dllst 
fUllgicides on emergcnce in Spur felerita, 1987 

IN SO[l, ST~:RILIZRD AN!) CNINOC'CLA,'l'}m 
,-- ­ ----~--,---,-, , 

gltll\r~l'lll'{\ (rom 8(1(,1(1 trt:'ntl'(} 1 with- AV('rn~(' 

l'nlt'q!l'IlCt' 


~ from St~lltl 


Ea..: ;. ;; 
~ ... 


~olll(,'[nlk.'ratunl (0 ('oj -" '" ~::. 0
§.5 .!.t:::"7' ?;,§ E:: 
::~ ~~ =Yi 

'" 
-:-~ I~~I 

"R 

'"::
EI!? I~" !.~~~S ~ "'" ~ 

::- :: 
~ 

o :: :.~c7i 
-E ~ i:: ~2 

.... ;::l ~ u :; C U ~ '" --, -I' ,',- -.-~"'------ ­
I'ci. J Pcl. Pel. Pcl. Prl. Pcl. Pel. Pel. 

15 R4 I 9S 95 
- 1 88 88 ; 90 i:l B.s,7 72 16.7 

I"CIJ ,~ IP~,; I Pcl. 

:!o !I~ I ~g I 94 J 98 
~~ I 98 97 91i 011.,1 112 -1.-1991'.!5 \10 04 96 99 99 I 97 n.i 97 UO.6 95 1.6

1 i 1 I 
1:\ ;;Oll, S'n:tUI,lZ}m AN!) INOC't1I,A'I'gD \\Tl'Il PY'.!'Il11:M 8PI'. 

I10 (I 0 0 oj 0 
10 10 0 0 1 I 39 30 10.,1 10.4 

'1 7:1 69 49 38 :\4 ' S.5 Sf; : 61.0 :l0.0~I JI 
f 

6~ l ~I ' I JI
',"","'-C-~••___ ._.~tt->_ . .....-.--- ... _-" 

1:\ SOIL S'1'lUU.LIZED AND INOCTL.\'I'!':n Wl'l'Il~THARlUM 81'1'. 
,-~-.---~-- ~ 

1 .,-
.-­

15 \Oi '1 39 ' 11 0 0 .1 12112.6 ! ~l l!!.n 
:!O 85, .5-121 6i I is l 116 1i0 4,; UT. 84 ' 71l.S ' -IS, 8 
1.; 0,1 i 84 I 74 $:1 S7 S2 Sf : Of, \10 ~;n. 2 2'2.2 

1 I ......U<,_~.+~ ....--.---
I~ SOIl. :\EITllEH STEHLI,IZED NOn INOCTLA'I'ED Be~l' NNI'UHAI,I,Y INFE8'l'ED 

......-~.~--
I : :! 1 ojttl 7 0', S :!:! 3 6j 61 ~, 1 I') ·1 12.4 

~11 81 ,IU ! 61 57 U4 51 97 I 95!67:a; 56.:1 
\.12 I S7 21.225 U3l 735? I S2l 1 sa i 81 j OSl 96187.2 i ~I

I 

'}15.- 6 I I 16 11 4 , 2111 
I 

8.·! 
20 59 , 35 3S .'~) ,It I 44 ! 32 ~ i7 I 78!4U I I? I 38.6 
25 s; 70 : 73 81 74 58 li7 : 9:\ nu is. I I 51 I 27.. 1

I __ ,,___ , __i _, 
: ;0\11 Sl't'd wus ~'lrrn('(l-stl'rili1.t.'d ill:! lWr(,,\'Ill. SUditUll hypochlurill' for h hOUT, washed, anti dried. 'The 

duSts wt.'n' 1l1lplil'tt hr th(' l'Xl'('~S lIll'thod. 
I lJilutl'ti \\ it h til 1(' so liS 10 <')ntnin I lll'rl'Cni of ethyl mercuric phosphnlt'. 

In till' ::;(t:'rilizt:'d uninoclliated ;;oil, ell1er/{ellce, with two exceptions, was excellent 
al all thn'(' l('Ill]lNature", ('\'ell frow ;;('ed not tr('ated with allY of the dust fungi­
cides. N('verthele:'s, at 150 C., sl'('d treatlllent with the dust fungicides inercased 
I he perccntages of emergence by amonnt!' rHnging frQm 1 to 26and averaging 16.7. 
At 20° lind 250

, the a\'cnI/{c percentagc emergence from :;ced dusted with the 
fungicides wa~ onl.\" :;ligh::ly bNter than that from 8l'ed not so treated. 

In the soil infe:51ed with }JythillllL spp., at 150 C. emergence was entirely in­
hibited irresp('cth"e of treatment, und ut 200 emergencc from trcated seed ranged 
from 0 to 39 percent, the avent/{e bein/{ Ollly 10.-1 percent. At 25° the average 
perccntage of emer/{ence from treated sced was 61, which wus a9 above thut from 
untreated seed. 

In th(' soil infestcd wit'h FlI,~ariflm s]>]>. ther(' was IlO cmergence from untreated 
;;e('d at 1;3 0 C., anci thai from treated seed ranged from 2lo 39 percent, thc average 
being only 12.6 percent. At 200 the I1verage percentuges of emergence from 
untreated and treated seeds were 22 and 70.8, rcspectively, and at 25 0 they were 
04 and S!i.2, r('sl)('ct h·cly. Similar results were obtained in the ullsterilized, 
naturally infe,,[ed soil; with ont:' exception little or no emergence occurred at Hi° , 
the trentllll'lllS brought about a cOII:;iderable incrcase at 200

, dnd a smaller 
illerctl~(, fit 25°. 

In 11 later, ~illlilur expcrilllent, ~tl'rili~l'd soil wa" inoculated with a number of 
l'Olllnllllt ~oil,inf("Hing pathogens. llecamie of lack of Iwuilable space in the 

~13(j2() '-·13--:2 
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constant temperature chambers, the seed treatments were limited to olle orgllllic 
mercury dust, Lwo copper dusts, an<1 sulfur. l'ho seed was first surface-sterilized 
in a 1: 320 formuldehyde solution for 30 minutes, thoroughly wllshed, and then 
dried to a moisture content of less than 11 percent. The copper lind sulfur dusls 
were applied by the excess method, but New Improved Ceresan wus Ilpplied at 
the rate of three-fourths of an ounce per bushel. Emergence dala arc gh'ell in 
table 4. 

TAIILE 4.-l?ffect of soil temperature, soil infesiatiolt, aml seed treatmeni, wiih clust 
lUllg'icicles on emergellce in leieriia 

Sull 

D1Ist,·,1 wlllt-­

Illll('1I1t1l1l "tltl"t\ 
gulfur 

I 
1,;;,~ ---:;-\-;:::1 I'~I PerceillPercenl PerCtll1I 15 22 .1\ 4[, :lO I:J 

, iO, () 1 20 'II • 70 I i2 I 70 50 
25 I 71 0' 81 ii, til 

• I;, a 0 ,18 :!.; I 

65. U I ~~ ~~ ~:: ~~ ¥~ 1,\
! If, I :15 Ii 2 0 

58,11 ,If tl~':') 2',;, ~'I:~.ll· t\~.: I ~_Ii'o~ 2:;11
/-,,, ..,,';11.111 /lllIlIilforlllt «(/illll<r(/Ill " " 

flljikllroi) r,1. n ,i 20 ':12 75 ·12 il7 35 
:,l,j tiO 80 ti7 i!i ~I.') 
15 10 51 :11 ·15 Ii 

J't'llicillium fll"lllil'UIII 51. 2 n 	~~ 1,.1 ~~ ¥~ ¥~ ~m 

IIh I :"rlOI';1I .'6111/1 i fiS.1i jill ~g il 2~ -1~ :lg 2? 
25 2t; ·m 311 ·11 3:1 
I.; 21i li2 4t) ·It) 13 

Sl'{(rolilllll bll/alit'61ft 4i, ti 	 ~J(l ,I).I 0:1 72 i2 no 
25 GO S·t S') SO 71 

H2.'; .,,1 ~~ ~ 18 I Ig III g
L 2;' ·12 IH ! n5 il 40 

I{ I;; 0 () ! 311 2'2 0 
51.2! 20 _~ ·1;; ! '!Q .52 !~ . I 2.; ,n 8-1 81 g,1 ,it. 

____ ~ 0...I"lr-i5 -;,o;2<I~·T---:;o.o--·I-.
'. _ 'ztl 2'2. 0 ·IS. ti ·12. I, ·1·1. I 2.,. Ii 

2:i bl.n 73.0 70.0 71.11 ~17.() 

.---......;..--....!....--.~.,,----"--.~-.-. 

'I'll(' atlempl to adjust til(' (\ill'l'rcnl lots of soil t.o upproxilllu(ely tile Han It' 

J)('rcentllge of satul'llt ion \l'llS nol entirely 8ucc(';;"ful, csp<'c in 11.\- with n'sJwct ttl 
till' Hterilizcd, uninocuillted port.iOIl. The perccntage~ of elllcrgence in till' Inl'ler 
soil Wef(' depressed somewhat IJ.\- the high mobiture contcnt, lind hence CtllUpllri::on 
of lhc~e results with those olJtllined in the different. lots of inoculuted soil pro\)nlJl.\­
dol';; not rC\'elll the full ell'cct" of the fungi Oil emergence. 

Al 15° C. 1111 the fungi, except Sclerotium lilli(ltiwin !Iud J>eniciil'iulII OXlllic II 'III , 
greutly reduccd emt'rgcIll:e, IInel in 80mt' cn~cs the dust fungicidc!:; were of little 
or 110 benefit. Ho\\'e\"(~r, in the eight: lots of illfested lioil, Ihe average pen:elltnges 
of emergcllee frolll sced treated with Ne\\' Improved Ceresall, coppcr carbollate, 
and cuprous oxiclt' were 25.0, 20.9, and 20.0, re;;pe('t.i\'ely, COlllplued with !i,4 
percellt from tlltlrellled sl'ed. At 20° the corrt'.~polldillg an:rage percentllgcs of 
('mergctlce WCft' ·IS.n, 42.1,44.1, rcspectively, cOIllj)nft'd with 22.0 frulll utltreated 
seed; alld at 2;;0 tl1l'Y were 73.0, 70.0, and 71.0, respectin'ly, ctllHllflred with ;) 1.6 
frum untreated ~eed. Elllergence from sulfur-treat.ed sped in inft'steel soilavertl!!cd 
tllightly 1(':,,, at 15° and 25° and slightly gr('ait')' at 20° than elllergence frolll UII­

In'ated s('ed. From thi~ it ~eelll~ that sulfur iii il1elret't hoe agl\ill~l the ~()il 
fungi in Cju('sUon. The m('rcury dust seemed ltl be 1I1o)'e efl'l't'tin' again"t the t \\'0 

http:sulfur-treat.ed
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speei(,R of F1Isariu'II/. than wer(' the copper dusts, and the copper fungicides seemed 
to be the slighth' Illore ('lrectiY(~ in combating th(' two species of Pi/thiu1/!. 

These rNlults show thut soil-borne pathogens are largely respollsible for poor 
emcrgunce from viable sorghml1 seed, especially when it is planted in cold soil (8). 
How('ver, th(' relatively poor emergence in the wet. stcrilized, tlllilloculated soil 
seems to indicat(' that excessive soil moisture and t.hp accompanying reduced 
aeration also lpnel t.o inhibit emcrgence. 

Additionul daltL OU th(' efTect of seed treatment t'lld soil tempel'attl1'e on mncr­
g('uce ill tht' presencc of ,",oil-borne orgnnisllls were obtaiued in expcriments ill 
soils oblaiued from It ultlulJer of statious in the sorghum-growing areM of Oklu­
homn, Tt'xas, uud l\:ansas. The fields from whicl: tlwse soils callie had been 
plllntp<l to sorghum coutintlotlsly for periods ranging from 6 to 23 years (8). 
The soill'l ranged from light snndr soil, low in orgunic muttcr, to rich black soil, 
high in orgauic Illutt cr. l\:('),port clay loam from Arlington Flll'm was included. 
Treated and ttntrclLt('d seed of fctcritn wus planted in portions of cach of these soil" 
Itlaintllinl'd nt t,hrcc tl'ltlpcmtures, 15°, ~WO, and 25° C. An attempt WIIS made to 
ndjuil[ thp tnOiHtUl'e eoutl'ut or ellch soil lot to ahout 50 pcrcent of its prcviously 
dNl'l'1Itiued wHt('r-holdin~ capacity. 'rhe resultin~ pCl'ccnta~cs of saturntion, 
how('v('l', l'Ilugl'd from 40 to 65. 'rhe portions of floil that werc stealll-sterilizcd 
took on addil iounl Itloisture dltl'ing sterilization, so that their moisture contcnt 
r:tn/-(l'd frollt iiI til 80 pel'ccnt of sntumtion. To till'sl' difTercucps in soil-moisturc 
content al'L' attributed sOllle of the IlIOl'e 01' kss inconsistent rC'Huits obtaincd as 
~ho\l'n in table 5. 

'l'AllI,t·; ii.··Bj}'e('/ uJ sutt temperature, soil sterilization, and seecilreatlllcnt with dust 
fllll(lit'ides on elllergellce oj /<'Ieritu plan led in the grecllilollse at Arlington Experi­
/IICllt {<'urm il/ ,~(/i/s taken from durert'lli locolities 

~oil 

Perrelli Perce IIi 

Luwton, Oklll 37 

lI'o."lwllnl, Ukl" 

('\tillkoth,', '1\', I 

~1"tlhall.III. KIlII' 

38 

37 

5Cl.4{ 

rl'em· 
Jwrn· 
Ulr{\ 

or. 
15 
20 
2.; 
15 
20 
25 
15 
20 
25 
t5 
20 
25 
15 
21l 
2.; 
Ib 
20 
2,; 
Hi 
20 
25 
15 
20 
2.1 

Hi 
20 
25 

t:JIll'rf,!l!ncC' (rom seed-

Parent Perce IIi Percellt Percent Percent , Pe.rcellt 
() . 503 a !!.i 4.; 

5S 82 jj SO 35 fiO 
is S5 i() SS SO 71 
J.I IS 52 4(1 15 62 
liU 511 liS 81 ~!l r 72 
74 92 7; SIl ,9 i 77 
12 27 10 5[, 
50 III S3 SO ~~ I ~~ 
fji Sli S2 81 75 I Hi 
2S 5:1 44 45 11 I ,15 
r,;J 7H iti SO 
65 SO 81 86 ~ I ~3 
27 W 3,; 4Cl . 

61 ~:I 89 S'\ I 
 ~~ I g~
7:i 8·1 89 87 I US 76 
o a 9 :111 1 o 44 

I36 72 75 TO 20 52 
7a 89 ~n !Ill 74 72 
o II o 20 I () 42 

1:1 72 02 6·\ H 5Cl 
:14 84 iH 80 M iii 
o o o o o 41 
o 18 4:1 50 21 57 

21 78 7·\ 84 ilj 

10.5 w.n Zl.O :10.6 9.4 ,il.l 
44.5 7:1. :I 74. I in,5 42.8 60.1 
60.6 S5 .i 80.5 07. fi 7:1.0~"." 

1 f<:~pn\:-';"tl(l {l:, Pttf("1'u!n1!tl of wH\t'r·twlding C*'npn<'ily hut dOt'S not npply tf) .!'t(>riliz('d soil. 
:: ~1(.lrilillld m l.-, pouwis. pn)~!"t1nl for:m I1Iinllh'S; wntt'r ('ontl' 111 tln'rn~t'd 70-Ill'f('l'IH sat11ration. 

,(,lAh \\!lS llwhtun' nf ~oilIN$ lJ~~"d in olher e\pcrfIJ1l'uts nnd nrtilicinlly ino('ulatt.·t! with \"llrioll~ tl1m!i~ 
t· ... I1t'(,'lully $1ll'lJll~':' or J"vlhiulII. 
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The two copper CilllltS applied by the exces~ lIwf'hod improv('(1 ellH1r~C11Ct~ 
slil-(hll,l' more (,han did Xl'W lmpl'Oved COrl'Ha11 appli{'(llLt thrcp-fourt:hs of ILlI OUllCC 
per bushl'!. Xo cOtlsistent iJenefits were derived from the USI' of sulfur. 

The IWl)I'U~l' illcrensl's in the percClltu~es of eUH]rgcncc at: 15°, 20°, ami 25° C., 
from seed treated with the ('opper and mercury dm;[s over those from untreated 
seecl were .16.2, aO.1, nne! 2a.5, respect;ivel,l'. The corn'Hpolldin~ Iwem~e increaseR 
ill the perc(,lItugt'1> of !)mcr~cncp from ulltl'!~utl'd ~ecd ill litllrilizl'd Roil over those 
ill ullsto1'iliZl'd i'oil were 'iO.n, 15.B, lind 12.'.1, rcspectively. The Hterilized soil, 
how('vcr, wus too \\'t!t for' optimum l)lllcr~cncc. The tests wcre rnpcuted lator' in 
POl'UOllS of (:hCHt' dill'uenl soils, stcrilized and adjusted to ubollt 50 pcrccllt satll­
mtio11. 'rho IW(\I'tL~(' perccntagcs of clllcrgclIcl' in this CIIS!' fl'om thc same lot of 
untreated sced at lijo, 20°, and 25° C. were fi5, 88, und ga, rNlpe!'tively, compured 
with 51.1, liO.l, aile! 7:3,0, respcctively, the cOI:rcsponding avcrages given in 
IlIhl(1 5. 

'1'h(' (~;o.:pcrilllcnts thus far had becn confilled to soil in relativcly SI1I1lI1 cClIltaillcrs 
in whieh it wus diflh'lln [0 maintain uniftll'llI 1lI0isture conditionf':. As an approach 
t (l fipld condit iOlls, lin experiment· WtlS conducted'in u greenhouKC bench in soil 
acljustNI to /lhout 55 pt!I'ccnL suturnt ion. The ,;oil in Ilttlf of the bench (scrips 1) 
WIIS mixed wit'h slI1l1l1 lots of soil that had been inocul1lt.ed with diffcrcnt fungi 
I\nci uspd .in ot!wr clqwrim('nts (8). The Hoil ill thp rcuutinder of the bcnch (serics 
2), whilp not inOllulll(ed, waH knowll to hp abundan!:ly infested. As ';\IOWI1 IIt(:cr, 
t h!' snulll l(lItud:ity of inoculum apparent;I.\· hnd litt Ic effect on cmergence und, 
llll'r('for!', til{' rpl-Hllts from the t,wo series m'p lL\'ol'tlged und dis(lIIsHcd together. 

Two lots of seeel of Rpur fl'Lerita wore tiSI'd. Onl' lot: from l.awtoll, Okla., WitS 
of p;o.:eell('nt villbility and Will' surftlce-sterilizpd in 2 pcrcent sodium hypochlnrilr. 
for ao millu!.l'l'. The other lot, from ChiilicoUIP, Tex., was lowcr in \'iuhility and 
\\'IlS lIot Hurfllep-slorilizpel. Three hUlldred seeds of l'llch lot wcrc tlsed in cach 
Hpri('S for PUt'll of nillp funl-tj{'id('s, which wcro applied by the excess method. 'rhe 
datu on l'lllOrl-t(,ncl' are givl'n in table (j 

TAlll.I·; n.--I1I11I'/'{lI'IICe of 8J1111' je(erila fro/ll seed frO/ll Lawlon, Ol..-la., and Chilli­
colhl', ']'(':\'.. (I'(,III{'(/ wilh dust fll1l(licilieS !Jy Ihe l'X('eSS lIIethod anli 1llcLllIeti ill a 
(In'''I,house /III/in/aillcd III ItIL Ul'I'm(le II'I/I.}Jcmllll'c 0/20° C., !Jut ra'll(l/:'/I(I Ilt times 
/1'0/11 .15° 10 :28° 

~lIll'rg\'IH.·l' from seed from­
._.. _-'-:'-.._._----------­

LUWt.llll, Okln.' Chillicothe, 'l't'_x. 

; rHen.'use from r I !hll'fl'USl' fwm 
f trcntlll~lIt : trent.JJlClit 

~(\rit.·~ I ~t'rf(l.s ~ A \"(.'r~ ;...__ ~______"____. I !'('r1Nl I Series .Aver. j 

I' 1 2 . u~" I I '2 U~ll I"" ---- .._-
I I A bso. H\'ln.!, 1Allltlt.S,,'," It(I.I'\I.:~,.
f ~ Illte live .. 

- -1-1-- -1----,," _._- --_.-
N 

I'e(. I'et. I'et. Pet. Pel. I'e(. J>et._j Pet '. I Pet. 1'e(.:\UI10. __ .... ~~ .... .. _______ ..... ~ !l2 ,, ali ! a3, ,) r. 1" 10. (! 

.:\"uw rlllpro\"t.'ti ~tlUltl$lllt .Jr SS S2 .• ' ·10.0 1-10.:1 ·1:1 ,Ill H. r" 3a. [, ao-I, [,.\t~rkn " I~U I !la III. n 57. .1 I,!. (j
Bnrhnk III 52 .\!I I' 50. Ii :II!. ~, :1.5U. 1Ut') j 0, IItI. ;, 1;:1.0 ISS. 1 tl·. til 57. Ii -lb. 0') .12:!.7Bnrbnk 3U··:l2-1I. _ .. _~:=:=:: !Ill 11:1 OJ. i) 58.0 1,:1. 1 .5U fH UO,O 

j 
4\1. II ·1·15. ii 

I 1
~.. _w .... _______ w_NOllc :11 I :lfi :la.;, I -.. 11 12 11.5 I .. ".. 

I 
COPlll'r e:lrhunntl' _ _~ .. _....... __ III U5 11:1.0 50.,) m.o I
Bllsil' l'oPPl,'r sulfate Si IH 110.5 i17.0 1,0. I 

(Hi 6,'i [' H5.!i! 11.1. f) -1U5. i) 
l"upruus u;ddl,' III 92 !!t.5 ;is./) 17:1_ I i Clii Ii.i li5.0' r..t.O /' ·11/0. !I 

iiS III 5U.5 ·IS.5 ·110. !I
Cl'n'$!Ul ... !III !I~. (IIH os. ;; 1i·1. n I .it> 00 58.0 ·17.0 '12i. a~Cw Impro\'t'tI Ct'rt'~:ln t SI SII ! s". \J 

! .11.5 1:;:$, j 52 51; fi.I. U I ·ta.O :lOO. \l 
-~- ----~. 

AV\'ml!l' [or trl'HWtl ,I ,

::t'tlil 
 RS 92. S I 00.-1 

I 
t 56. U 

I 
IOU, II i -:U~T~~~~:r::-1 .l_~~[ -l\O~; 

-.---~~-

tAli t.hr [ulIl(icltlcs Wen' lI11ptlcd hy t1w cxet,'ss ""'tItO!l. 
l ~l'l'd from Ln\\'tc)Jl was nr~t sllrfn(~'-st('ri1iz(l(l in !.! Iwn'r,nl sodium hyporhlorile for ao lIlir11JI('s. 

, ~oil in sl'rh'!'- Lwit... mixNi with soilnrOtlcinl1y inol'ulntl'ti with vnrioLlsorgnllislI1S; that ill serif':; 2 receiveu 


no noldllLOliut IIIOeJllulII. 
, t HltUctl wilh lllic SI) lhullt cOlltililWll olily I pcreclIl of cthylllll'r('ury phusphnlc. 
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Emergence from the IJltwton seed not dusted with uny fungicide was 33.5 
perccnt, und that from the dURtcd seed Itveraged 90.4 percent, an increllse of 56.9. 
Emcrgence from un/;rellted Chillicothe seed "'liS only 10.5 percent, while the IIver­
age emiJrgenee from the Sl\ll1e seed dusted with fungicides WIIS 57.2 pm·cent, un 
increase of 46.7. 

Experiments were next designed to test the effect of these fungicides on emel"­
g,mce under Held conditions. DifTerenccs in soil tempernlllre were obtained by 
planting on different dates. K 0 attempt was made to sllI"fllce-sterilize the seed. 
Sepl\rate portions of seed of each of 9 varieties were trent·ed wit:h dllst fungicides 
at the rllte of 2 ounccs pcr bushel on April 19, 1937, IIncl ;;Lored in open glltss jurs 
until counted out into unsealed envelopeR ready for planting. Unusually heavy 
lind frequcnt mins prevented the Hrst sche{]uledHeld planting, and it bccllme neces­
sary to phwt in the grecnhouse bench instead. The badly infested soil in the 
greenhowie bench hnd heen removed, and the bench hlld been reHlled with soil 
f!"Om till' field. For each fungicide, 300 sceds of each variety w('re plallted April 29, 
11~ inches deep. The soil tempemtlll"e rmi~ed froll1 Hio to 35° Co, but usuully 
waR kt'pt at about 2.1°. 'l'he emergence datu takell 1\1ay 11 ure given in table 7. 
The bellefits from Rced treatment, on the whole, were less pronounced than those 
obtaillecl in the previous experilllcllts in which th(' dusts hud been applied by the 
CXCl'SS lIlcthod. Howl'vcr, appreciable ill creases in the percentages of emergence, 
mn~ing from!) to 28, followed the usc of Rome of the treatments. 

l"ulI,g 7.-·EIJect of seed ireatmcui. wUh (lust fungicides on emergence of 9 varieties of 
sorghum grown fro/ll seed plct1lted April 29, 1987', in a greenhouse maintained at a 
temperature of 24° C., bIlt, 1"llllging at times from 16° to 85° 

l~llIcrgcnco or- lncrease in 

Seed trcntmcllt I ~ " .. 
1< 

.;;= 
~ E ~ E 
iii'" @ 6 t:; 

~~C;~·ll~~t. rl~; Pet. 
Xon~._ •..•••••••.., •• , • ·1 40 1 511 52 

J 

X('''"'' Improved Scmcsnn LI ; 

Jr •••••.••••••• "... ao 5U S" 'I ~6 1 56 I 26 I 81 I ,'I I g~ 5i 19 50.0 

~111~~I~:kk"il{ ::n:::::::::::'1 I~ ·,:l,S,,; ~(:,;o~ I ~o(.: ,3,'8
1 

II ~~ ~~, ~~\: :l~ Ig ~~: ~61 
nr lH - 3{j-32~ ~ ___......... ~ _ I" I) , 0 -to iO 20 58 5·1 lli 42.1 


('opp~r emholllltl' .• __ .__ ~ll: (II !I;l SO 5r., 5n S:l -1-, 0:1 (H 2li 6ll.4 
l~lIsi[' COPPI'.r sulf,ltc...... j I~ I G~ I ~~! ~~, ~~ I 5~ I ~:', a~ 1 5~ QI ~3 ~~. ~ 
(uprous o~\lic........ __ I I. lIo S" So I "_I 43 1 .91 4_ 5. "8 20 "_.6

('('n'&lll. .. .. t 21 on S!) I Sf; 66 ,;5 81 01 68 liO 28 73. i 
New Lmpro\'cll Ctlrc$nll 2 I~~\~.~J~~~t~,~ 53 55 ~ 44.7 

AVCrlll!e of trcntcll I I' I 1 
___~~>~~d ........... :' \0. S , .;() 1 ; S:l. U :_ SO. 4151. 81 43. s t iU. S I38.0 59.8 56.1 18. i 49.1 

I All till' liust fl1lll:id<1cs wcr~ applied lit the rate of 2 ullllres per bushel. 
, Diluted with ttllc SII ns to cuntnin I Il~rrent of cthyllllcreuri(· phnsphntc. 

The plantill~S in th(' field werc made Mny 7,May 20, and .Tulle 8. 'I'he ranges 
ill soil \elll\)('rI11 \Ir(' frottl pllllltitl~ to emer~ell("e in the three field plantitlgs were 
7° to 2\)°, 11° to 32°, and 13° to 35° C., r('s}Jectively, the eorrf'sponding average 
t·cmpemt ltt"CS being 1(jA 0, 20.3°, and 2.1°, r('sp('(·tively. The ruin rail during these 
SI1tt1C periods wus l.5!), .2.85, und 1.5 inches, fl'spectively. The ILverage per­
centages of emergence rrom seed or euch variety treated with each rungicide lind 
sown on each dnt(' are shown in tablc S, and the ILverages ror each vllriety for all 
four plantings, itll"1uding the one in the greenhouse, lire shown in table !). 

Al:] in th(' la.';J!.!;r('enh()lI~e plllntill~ (tablc 7.1, thc benefits dcriyed from secd 
trcatmcllt ill thl' til'ld plantings were not: so pronounced liS t1l('Y were in sOllle of 
the prelitnilltu·y plantings in llrlificiully or naturally inretitt~(l soil in the laboratory 
or ~rc('nhouse. 1\1l10ng the 1"('llHonS nUlt: may he adnUlced for thiH ar(' (1\ a 
li!.!;htN rate or flpplication of t IH' rUllgieid('~, (2) a longer period between treuting 
and plll1\tin~ t he seed, (3) thc' fidel soil pmbalJI.I" \\'a~ 1<,,,,, hp!tvily inreHlcc1 wit h 
fungi dcleteriow; to gel"minulion and emergence, und (·1) the relatively hea.vy 
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TABLE S.-Effect Of sp.erl treat'ment with dust fungicides and date of planUng on 

emergence of each of 9 varieties of sorghum -in field plots at the Ar/-i'lgton Experi­

ment Farm, 1987 


PLAN'l'BD i\rAY 7 


EUll'rg(lol1ee in- rllCrenS(l in 
__,..__,._-;-____-,-_--,______,_-- emr.-rgl'Ilcc­

j :: . [ollowingI I
I I
, 0 .- Sor"o trentment 
.~ ~ f - ~ _~-_I gJ j8('('11 lrt'Htm~nt ~ ~c i ~ I ~ 1---,-- ­

~ § E II ~E i ~ 0 g ~ ~ .~ ~ g 
~ $ :9,:§ ~ 'I ~ ~ = ~E ~ ~ :! 

_~___________~_ _ uo_._'_"'__"'_t~_, A I c _c2_._I_~_"_O___<__:;j_.___~_ 
, Pd. I' Pel.,' Pcl. Pel. Pet, Pcl. Fc/. Pcl. Pcl. Pcl. Pel. Pct.

None..____ .•• _..._....... ' S 38 ·11 ·12 39 21 51 30 H 35 

New· Improved Sl'lIl~S!ln I 


Jr... .............. .... iii I 34 49 44 -12 54 34 41i 38 .; s.n 

·10 .;0 35 25 48 29 42 35 o o
t~:J~~k·iiC::::::::::::: ~ I ~~ 57 55 ~s 25 51 2IJ H 38 3 s.n 


IJurbnk ;!6-32-B ••• _. __•••. 12 :!7 64 61 -12 32 56 31 43 42 7 20.0 

.CoPIll'r curbountl'~ .. ___ ...... _ 23 ~32 US 52 H ·17 U7 35 ·1:1 49 14 40.0 

Bnsic copper sulfnte....... 20 u U2 58 -14 ·10 li:l 35 -13 -Ii 12 :14. :1 

Cuprous oxide.~ __ ... __ .. ",~... 17 52 71 6? 45 41 -11 42 48 13 37.1 

Cl'n'snll. _" __ "~,,,,, __ ,,. S ·Ill 53 56 47 2'3 40 39 41 6 17.1 

Nl'''' Improved ('cresan I 8 33 ·16 54 38 2-1 3n 42 37 2 5.7 


PLAN'!'ED MAY 20 

Nonc __ ~ ___ .. _.._.. _. __ ...... ~_. 10 
 115 60 61 58 41 72 45 52 53 ............ 

.xl'\\" Impro\·cd Semcsun 


Jr eo.... .............. 3li 70 i5 6S 57 711 54 57 tiO 7 13.2 

;\[l·r!w................. ... 2'3 Iii 74 64 57 75 45 55 55 2 3.8 

Durbuk l1L.. ............. 10 71 8,1 73 53 80 43 54 58 5 9.4 

llnrbnk36-3:l-B,.......... 20 6.1 85 73 50 79 50 57 62 9 17.0 

COPPt.'r <:nrhonuh.'....... _.. ,.. ·17 7S 81 77 52 80 50 61 66 13 24.5 

Busic cOPIWr sulfnt.,... .... -14 i5 S·I in 61 79 -19 59 66 13 24.5 

('uprous oxi",' ...... -10 i·' 87 77 5{l 85 48 54 li5 12 22.6 

CCTesnn .. _. _____ .... _.. ____ a,li 73 in 75 61 85 51 57 U4 11 20.8 

New' Improved Cercsnn I.. 2:l 74 81 iti 6:1 i4 49 61 62 9 17.0 


PLANTED JlT:-<E 8 


.~! .. I .• 
.... _ .. __ ~ .... ~ __ .. _~ ......None. ¥ 52 60 

1
I D_ j .,.') 1 "tv 621 40 42 48 ..........._ 


N('w Improved SI.,'Ul(,Slln 
Jr................. .. 07 67 50 64 58 66 45 49 56 8 16.7 


;\[erko.................. . 6·1 71 Gl 52 54 59 40 54 53 5 10.4 

llnrbuk 11 L ........ _.. .. 61 ill tij' 11~l .i5 GO 42 54 56 8 16.7 

Ilurbttk an-32-IL ....... '" 61 7S ' Iii 5:1 fiO iii 49 50 51i 8 Hi. 7 

Coplll'r l·llrbonntc ......... ti5 77 77 <In 69 70 46 54 61 13 27. 1 

Busic "01'111'r sulfntc..... .. 62 ' 72 U9 ·12 57 7:1 40 47 56 8 16.7 

Cuprous oxidt' .. __ ....... __ .. __ Iii 7S 68 55 tiO 1i:J 4:\ 49 57 9 18. S 


___ .. ,.(\'ft'51111, _",4"," ~ .. __ ._ i2 02 67 59 50 64' 44 47 55 7 14. G 

New huprovll(i Ct'n'snn 1 0:1 6S ' li7 U3 ·16 Gil 48 50 51i 8 16.7 


! I 


1 Dilllted with tille so us to coutuin t ;ll'rcent of ethyl mercuric phosphnte. 

rainfall following ench field planting Illay IULYe reduced somewhat the protective 
nnd generally beneficial ef1'ect::; of the fungicides. III all 4 plantings, however, 
all the t reutment~ seemed to cause sume illcrease in emergence. The average 
increa<,e in the percentage of emergence from treated seed of all varieties abo\'e 
thnt from untreated seed ranged from 9 to 28 in the greenhouse planting, from 
o to l,t in the fir"t field planting, from 2 to 13 in the second field planting, 

and from 5 to 13 in the third field planting. In all, there were 278 increases in 

the percentage of emergence from treated seed, 36 slight decreases, and in 10 

case::> there \I'll" no dilrerence in emergence from treated and untreated seed. 


The nine Yarietic:3 used showed slight differences in their response to seed 
treatment as measured by the increase ill the a\'erage percentage of emergence. 
fn Club the extent of this illcrea:3e was greatest (20.6) and in Dwarf Yellow milo 
it was the least' (-Un. For all nine varieties in the four plantings, emergence 
from untreated ;:;eed averaged ·13 pet'ecrlt compared with 54.3 percent from 
treatcd seed. 
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CO~'I:HOL OJ!' C~~HTA1N DISEASES 01" SOHGHUll 

T,\IILB 9,-Av!'rll{/c /ll'/'('ellialles 0/ ell/crr/rllef! 0/ c(lrlt 0/0 vlIrirlies 0/ 80"1I!tI/l/l /1'011/ 
III'cd lois trellied I with dij),ere'I!1 tI /I,~l /II'11uir£des (I nd plauled 011 Slll'('('.~sive dales,2 
ArLillulon Bxpat/llcnl [,'arlll, April;dO 10 ./une ::5,1987 

~\ vcrn~e 3 (ltul'rgN1rf' or- A\·prnJ!(' in­
('n'n~l' ill 

--~----.,-~­
('lllt.·rg(~llt·l\

I followingSorgo tn'lltJlll'llt.I,g " ... 
${'t'd trcntmcnt 

I-
I .. I 


~ .:: I .:.: '" '" I ~~ ~ ,I 'Je 
~ ;
-'" 'c" '" .2 '" "l- ~ 

I- e j \ ~= i) '" '" ~~ ":.. $ 
S I ~ g =,E ~ 

U; U; v I C I 
I 6 " ~ rh : tt:~ -<: ~ 

________'___~.-._~ .._--"-- ----i-· 
! Pel. Pel.; Pel. 'Pel. Pel. Pr!, I'd. l'rI.' I'el. 1'(./. l1'cl. I'e!. 

:';on\'.. • ...1 13 ·W· 5a' 5:!: ~7 3:! 05 :15 ·15: ·ja : ., 
..'\ l~ \\' 1U1 prn\'NI SClllcsnn i

Jr ,. . • ...... --1 31 5.~ liS, 61 i)5 au 711 ,\.I 53, ," III 2:1.:1 
Alt'rko., ••••••____ 1 15 :ill 04 tll ·111 as fll1' :lIl :,1 1 .ISI 5 II.ll 
Bnrhnk III _ _~_~~ .. __ ... " I,il 51 ,., Ull ·Hi ·1;1 (HI :n r':i 50 : 'i W.:1 
llnrllilk all..;!:!-II .••••••1 !!O f1;i iO tis 51 49 I;~ .Ii) 52 5:1 I 10. 2!1.:1 
('upper cnrbonnl(.... , ..... l :tii 65 SO, it; ~Il 61 75 ,1·1' 55 flO 171 ;1!).i; 
llu$I(' ('oPlwr ~ulCull'••_ ., :1O Il·j ii i 1- , 51 57 7·1 ·1/ 'I 52 oS i 15 '. :1·1. U-'1 
Cuprous oxide. "0" ~~ . (~l 80. 7:! ;;:1 51 71 -II 51 57 '\ 14: :!:!.!l 
Cl'fl'SIUt.. ~ . _ .. _ ~. _~, 2:1 6-1 71 71 5S ·17 73 49 ~ [~I 67. I·'. 3201..; 
'>:('w hupro\'cd Cl'rcsun t.' ~() 57 flO ,tI 5,; ·11 70 ·1!.! 52 5:1 10 1 :!:\.:i 

AVl'rugl' of In-'nt llll'nhL --24-.~-, -fu-~.-3-'-7-3-.t-,~-68-'.-, 51.0:1,,:1,70. 7 ~ii:til"5UTM.3ril.3! 26. :i 
I 8l~<I wns lrt.ntr·tl April 1\1 nL thl' rllto of!? OUlll'('!'i per husiwl tutti kp(ll ill OPt'Il glu3Sjars until used. 

1 April !!H (inl!rt.\,lnholl~(i. 11\ I'rug(' tt'mpernlUrl' 2.1 0 C",): ;\blY i. :\II1Y :'1(1, nlHl JUJU'S (ill fil'ld). 'l'he rainful1 


(rmn plunlin~ to l-lIlt'r~l'IH'j' in Itw Insf, a ~Wrill!" \\ uS uw. :.!.St'l, nJlfI 1.5 iul.'lIl'S, n\~Pl·l·lI\·('ly, nud till' l\\'eruge 

It'1l1lwrntllnj~ ((i.-1°. ~u.ao. Ulld :n.J', n'slw(·tiq'ly.


1 g'l{'h n~lIn.l){\l(lW ('Iit'li \'nriNY n·pn'!'~\lIt.s till" U\l·rH~l·IH.'r("t.~llln).!l\ l'nH'r~l'Il{'l' rrom 2,100 ~'l·ds. 

I lli1utNi whit ude.- so lhnt witl)ll npplil'd nl:.! oun{'l'S pt'r hushel, tlw sl'l'd n'l"t.'in\t! tilt,' proper tHIlOl1nL or 


(·lwmi(·nl. 

EXI'EHI)IE~TS 01\' S:\Il!T CO:-iTHOL 

rll ndditioll to tll(' ill'lIefit-inl l'fft'('1 on eIlWr)!I'Ill'e alld early stlllld, It seed treat­
llIent, in order 10 h(' l!elll'l'Illly rN'OlJllll('II(\ed for lIS(~ 011 SOr)!htl111 8l'(·d, :t\so should 
control til(' k(,l'ltel snluts ellllsl'cl hy 8piwctiotit('CIl sorllh; (Lk,) Clint. and 8. c/,lIcnla 
(I\uehll) Potter. Thl'l'efore, till' fllll/,.(ieid(·s ill til{' aIJlI\'(' l'tudies \l'ere u~('cl, alon~ 
wit.h othl'rs. ill ('xlJl'rilll('lIts on th(' cOllllnl of k('rlll'1 SllIUt. Hillcl' the loosc SllIUt; 
l':1us('d hy 8. crllt'll/n is less prp\'alent alld llIort' e:lsil.\' l'olltrolled thall is covered 
kertld slllUt, ollly the lalter \l'IIS uSNI in thl"W (·Xpl'rilll('IIIS. 

In thp ('xpcrilll('llts of 1\)37, spores of e(1\'('rNI kcl'ltel SllIUt \l'cre applied to s('ed 
of 4 varietieg of Ror!.(hulil ut n Hpore dosa!.(l' of 1 to 100. Ea('h of the·1 lots of seed. 
blal'k \l'ith thi~ 1ll':l\'Y spon' load, \\'H~ divid('d illto 12 purli()II~. Olll' portioll of 
('/teh \\'US Ipft 1!lItr('lItNI Hlld Plleh of I Ill' othl'rf; \l'US trl'al!'1\ with It diff('felli fUII~i­
('idp. :\'ill(' of tlwsp fung:ici(\('H \\'('1'(' appliNI as du"ts lWei 2 liS liquids. 'I'll<' dllSI:; 
\I'('f(' ilppli('(1 i\lay 1.7 lit Ilu' mil' of about 2 llUII<.'l'S 1)('1' bllshl'l W.Oii !.(1I1. of dllst per 
:~O l!11l. of $('('dl in elpHII bot tIL'S IIl1d tllllroll~hly llIixl'd with Ihc' sl'pd 11.\' :;hakill~ 
for l'<P\'ernl Iltinutt'S. :\,.,\\. 11Ilpro\'pd ('('n'Sall, ordillarily applil'd at Ule r:lle of 
ol1l'-half Oulll'(' p('r bush('l, wus clilutpd wilh 3 parts by \\'l'i~ht of talc so lhal the 
s('l'd, \l'h('11 du~l('d HI th(' mtl' of 2 oUllces per bushel. would receive the propel' 
quantity of lhp ethyl IlIel'l'Urie phosphate. 

Tlw "i\1. E. C'hlorill('" ~nlutioll of sodiulll hYJl()ehloritc \\'as diluted \l'ith 1)0 parts 
of Wlltl'r a('('ordilll! to clin'l'l ions !.(h·PIl Oil tIll' labl'l. Thl' ;;ppd \\'HS illlllll'r:il~d in this 
solutioll ('olltaillill~ about O.l.j perl'Pllt of sodilllll hYJlo('hloritl' for Iii lJIilllll('s alld 
t1WIl drnillPd alld dried. lIyehlorite, till' otlWI bralld of ~oclium hypoehlorill', 
was used as II sollltion eOlllninill!.( I 1)('rePllt of sodillm hypo(,hloriil' ill \l'ltieh the 
s(,NI \l'as ill1l1ll'rs('(1 for oll(·-half hOllr aftl'r \l'hieh it wm; rills('d alld (II ied. 

Thl' sl'('d wns pl:llltl'd by hand .lulI(· R in 3:3-foul rO\\,H at, thl' rate of about 2.')0 
s('pd" per rO\\', Th(' soil was Wl'l ami h('lt\'Y, alH! 2.:3 inell(':< of raill fell bcfurl' lite 
s('('Cllings ell1erl!l'l1. 'I'll(' datil 011 SlIIUt illfet'lioll arl' !.(i\'('l1 ;11 IlIlllt' 10. 

Tht' OUI:«llIIdillg: f('atmp of tltt' r('"ult:' i:, th(' faillln' of IlIl\' of (h(' trl'atllll'Il(': 
to {'lillliml1l' ;;lllut'inf('('(iull in 1111 fOllr \'ariplil':' ('un;<i:;tPnlh' niltl ('frl'eliv(·h·. 'I'll<' 
number of !'1l11lt1pd lWlld" fmlll IIIl!rt'a!I'd 1«'('(1 in lhl' foui· \·arit·tipl< rang:l·d frolll 
(j 1.2 10 7:{ p!'l'('l'lli, ('OP\l('I' l'llrhona«'. ('t·n·"lllI. lllld .\Il'rko Wl'rp til/' olll.\' tr('lIt ­
lIIt'nt" ihnt l'l'lhll'('d illfeetion ill nny ynricty to 5 pl'rcent or \(.,,~, :lnd ollly copper 
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T.\II1,E) 10.-ColI/'n,d kt'r1lel ,SlII,ut (8phace1otheca sorgh ilil/ &nrgJI1/1n grown from St"t:d 
8111ulled at II SPO/'" dosage of .I to 100, treated I J/(lY I(, wiilt cltffl'relllfuugicidt,S, 
(l'/1t/l)/lIl1teti J tme S, 10$(', at the Arlington E:q)('rimen/. FUl'ln together 'It'itlL ulltrented 
S /111/tty seed 

:;mutt.NI plUl1l$. 1Itt...~ Smut t\,,<.1 helld" ill-­

~orgo ,AI1 :t ,'nri('ties a... .:!::::: Sorgo, AI1·1 \'nri(~th~s 

-~~I--:;--; ~ j~ ';;~--IT ~-
~E I ~ s! g I 8 ~§ ~E ~" g~o ct ~ ~ j ~ ~; ~o m ~ ~ 
--1-- .--'--,- --.---.--~--

: Pd, PCI.\I'et. ,\'0. .\'0.\ Pel. i Pel. I Pel. I'd'l Pd. No. No. I'el. 
:-\01\(\ : 5i,·1 09.li ,11..'l ;17[, ~12 5li,n! tll.O 7:1.0 72. !I tH.:! ).IK)" till!l tilJ..l 
~t'\\" Imprnn'd ~('ltll''' : 

:-;UJ1Jr [,.ti :10. -I II ,111.7 au, i~: I!l. Ii 1O.!l :1:,1. I :11, U : 2tl. U, !l)[i i 2rh~ 28.·1 
~l~rku I 3." 2H. n JU.7 :{tJ2 13\ \15. n 5. (\ ')., ~ 2:!.·\ l 30. 'i ~ \hH! 2m Zl.;­
lJilrllnk III, 7a, I 70.0 htL Ii ~t61 !?;~S US. U ~O. t1 70: i iii. d ' i:!. t ; I, 1:10 I S:!l 73. a 
Hnrbnk :W'32-II, 21. Ii :1[.1), ti i 2"11 •• 111 . :l;iti, IHi 2•. 0 2~,:1 :1,;.2 ·11,0: :1,1. g' SM ian" :15. Ii 
COPPl\r curhnllute ".... O. ~ aj{,' l~' .1. f I:!. n :W••1.oJ 0 .l, 0 tl7'1 la~ 1-1. ~ 
nnsk NPpl'r suUntf.' ... ~: 1~t. {) 1O.;i (I. (l :L'5 :l!I! 10. I 1·1. 1 ~~J.2 12. U ,. (I SSii li,r, 17. tl 
(~t11t(OIlS oxJtlt' ~ 12. a Ii;..! 11.7 ;17·1 i 49! la. 1 . 1.J.:1 . !!S.;l 15. (l ~~I. (I, us. ~~)() 20. II 
c('[{'5IlU . , ..... _' 23• .5 31~U 2.1 r :tu·t: l;'1) 1 Ii.!! ~.:!. Z.!.7 ;12.0 :l.O; SS2! wa 21.U 
='l'W Int))f(H't'ti Ct'T('­ j 

SHit ~, _ ·U;.·I !.lV," II, ·1 321 \/2 ~.'i fl.•• !I :1.,0 :1I.ii (.t,,1 8751 , :!S7 ( 32.S 
1'\L I';, Chloritw I ,~. 2..,. '; :'0." ~7'.3 :I':W III I 2S,·1 :.12.5 ·IIi,1 ~"J.V 3 •• :1 H71 a',1 as,:! 

~()diUUlhY)lo('hl"ril('l .. ·15.a: 21i.1:\ :..~t5 ;l7() t:!'.! :1:l,U 5') '1 ll,'l :!5. t :\5.:l Uil !!HO ~n.~ 
, 

-, 

1,;\11 thll dll ... ts Wt'n' npplil'ilut. lIL\.\ nUll of!! nUIH.'t'$ p,'r hll~I".'I. 
! 1\('('1111:-:(' Ilf \()(.1f..dll~, Ir \\ n.... HOf pO~$i})lt' to ~tlt H~'c.'lIrUl(· plaut ('Otll1t<.: on tlH'llroolll('orll. 
1 1)illll4..'iJ with!l pnns "C Wit' (hy Wl'h!hD. 
4;-::4.I ('d "IOUkNI 15 minutt's in a I to;10 solution, dntiltl'd, and dril·d. 
l ~\'\'ll sonk\'\\ in n l·'H.'r<~Il\t solution {Qr ~'J hour, w1\Sh~\\ in Wnt~r. and l..iri1.'tL 

<'ariJIlIlIltp eflc('I('d w'rfel'! rOlltrol ill UII.I' ollr l·aril'(,I'. The 1"<'';1111" with thl'~,l' 
thr('(' 1Illlll'ri:lls ill thl' e1il1'('n'1I1 I'arietil'';, IH)I\'('I'('r, 1I"{'rt' hi),(III.I' iIlI:Om;i,;I('1I1. For 
l'XlUllpil'. ('oppel' ('ur!JollulP l'lft't'll'd perfecl cont 1"01 in KIUl8U:;; Omlll-\l' ~orp;o bllt 
ll11o\l'('(\ 3!1.~ )lpn'l'n( infl'l'! ion ill t hl' hr()()lIIeortl, Ill! hOIlp;h the conlrol" in bot h 
1'lIril'ti('~ ,,11(1I1'(,d ulJoni tllp ~H1lll' dl'/n'el' of infel'fion, Thl' perccn(a!-(l'" of ii/nllUed 
Iwad" froIll Hl'('(1 [I'{':lll'd with ~h'rk(l r:tIlW'd from;) to aO,7 lind with ('l'l'e,mn fl'Ol1l 
a to 32.n. Bn,;i<' t'oppl'r :'Illfnll' l'('cllll'(>(l illfertioll in thl' broolllcorn 10 21).2 P<'f­
(,l'ut, nlld ill HUIII!u' "\ll'.~() (0 ulIl,l' 7 pl'rt'l'nt. l"l'l'd treu(ed with Burlmk Ill, with 
Ollt' <,xl'pplion. prodlll'('d:t hi~her IK'l'CI'ntll!-(t' of smutted Iwad,; than did unt n'!ltl'd 
"l'l'd. Th(' iiI"(' hl',.;t tl'('atml'nl;': in tlIP ordcr of their uI'('rn),(<, cffcctivl'lI(';';:; 11'('1'(': 

('IlPPl'1' {'lIl'ilOllal(', il:l:.:k l'Oppel' :':lIlfn«'. CUpI'OU'; oxili('. ('Nl',;all, and ~Ierko. 
To ('1.)11111:11'(' thl' pl'I:~'('lIta!!;(' of illfl'ctioll b.I' {,()I'('l'('d k{,rII!'1 SlIllIt IJa:':l'd on till' 

nlllllbl'1' of :.:nIUlI('!! h(·ael,.; with thai ba~('(1 on (hI' nUlllh('1' of ;:;llluttl'e1 plan I:;, Ihl' 
lnuli IlllIlllJt'l' of pl:ml:; alld (h(' nllll1\)('r of inf(>{'I(,cI plant,; fronl a lot:; of lr('al('t! 
!Inc! unln'all'd ~('\'fI 11'('1'1' ('IHllllpd. In ail ill(lil'iciunl ('ornJ)al"i,;t)lll; the percentngt' 
of ,;lIIl1tll'd hPtld:< I'X(".'l'dl'ci thp {'orn'''ponciillg pl'rt'l'llla),(l' of :;llIuttl'ci plnnl" al 
(illll':' by :lIIIl\\Illl", rtlll).dng frOIn 0.2 III 17 .. \. In '\ in>'tmll'l':' lhl' IWrt'I'l1ta),(l' of 
""11lllpd plant" (>xl'p('dpd ihal or :;IIIUll(,«( head,; hy anIOIlIl('; rangillg frolll 0.1 tn 
!l. 'I'll(' Il\'('ra,~p pl'r\'(,lIla,~I''' of "1I11lrtl'd plant:: alltl ,;llIutll'd head" frolll IIl1trl·a\.(>d 
,,('<,d 11'('1'(' ,i7.1 and liti.:l !lpn'('1I1. 1'('<,pl'I,th·cly. whilt' frolll II'('nt(~d :.:t'pd 1111',1" 1I'('f{' 
2·1.:3 alld ,27.\1 p('n'l'lIt. n·;<pl'l'til'l'I.I'. Thl' dilfl'rt'npl'''; ill thl' datil ohlain('d fn)!11 
lH'ali ('tlllllt:' alltl pl:tnt counl:' \1'('1'\' nol cOII:,id('\'l'd ';\Illh'i<.'ntly iar),(l' to j\l~lif~' tIl(' 
additiollal (illl\' Hlld l'lforl illl'oh'"d ill the' tulter 11Il'lhod of takill),( dala \III ;<111111 
illf('('(ion. III :;uh,:t'f(lI!'1I1 lit'ld l'xp!'rillll'Ill:-, th('I'('forl'. till' dalll 011 !'1II111 iufl,etiou 
lI't'rl' ba:,('d on tlH' pPI'('putag;(' of iuf('I'«>(1 llC'aci,.:. 

Tn thl' t'xPl'!'iUH'lIt" ill loas. fll'p of thl' flln.deid(',.: lI:,:<,d ill 10:>7 11'('1'(' olllitted 
and :.:ix ot [tt'r,.: Wl'rt' iU('\lIdl'(1. Thl' ~«ed 11':\'; "mil\! I'd lei :t ~p()n' dll,;ap;l' of I l<l 
100:1" in 1!1:.l7. nIH!. lI'ilh til(' l'X('PptiOIl of ;o\ell' Ilupml'eel (\'I'(':.:all, thp clu"I" 
lI'l'rt' applil'e1 at thl' ral!' of :~ gill. to 1.000 ),(Ill. of !'(>('d, II"hkh i:.: lit (Ilt' raIl' of 
O\'arl.,· a Olllll'('~ pI'r """IIl'I, 'I'll!' forlllllltil'h,Vcil' lreatllll'lIt (,llII"j:.:('d of II half·hollr 
'Il<~,k ill 1\ I to 2·10 IO.·I·pel'l'l'n(l :<,)IUlioll. Tht' ;<oclillll\ h,"poI'lIlorill' lI'a:: appliNI 
by illllllt'l',ing; fhl' ..;(·('d ill II l-pl'r\'('111 solulioll fora hnlfhoul'. TI\(' l'hlol'illl' In'a(­
uIPlIl ('on:,i:':(l'ti of l''(posing- tilt' ~p('d for I hOllr ill n ),(a;;-ti),(ht l'oiliailll'!' ill whil'h 
thl' nir ('olllniu!'!! 10 p('n'('lIt h.' l'oItIIlH' olf ('hlor;'\(' g-1I,; UJl. 'nIP Hl'lual I'ohllll(' 
of \ Ill' ('hillfine ga.:; 11:'1'£1 \l'a.~ ('qnnl to ·.10 Jlel'l'el1t of the YolulIll' of :ieeLi ill t hl' 
l'ol\wiuer. 
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The effect .of the fllnp;ici(\l'."5 .on Clllcr~l'nce waf' deterlllined by p\nntin!-( aoo seeds 
.of eat:h trcated and Illltreated lot in Il p;recnhOIl;;c iJench. Plunlinv;s were lIIade 
ill the ficld, ,/IIlIC 2 and ,/III1C la. Thl:' dalu 011 SlIIllt c.ontrol frOIll t11t':;e two serics 
wcrl:' ;;Ilbstantiall~' ulike und, therefore, were ayern~ed ulld, together with thc 
datIL on elllergence, ure given in table 11. 

'L\lII.~; II.-('()I!t'rt'd kallei SIIIIII (Sp/llrc('/olhec(I sorg/d) ill snrghlllll growl! frolll 
slIIlIllcd Sltt't!, Ireall'r! .}{ay Hj 1 w£th different /lIl1gil'idl'.~, IlIUI pial/led in 44-/001 
row.~ (It. Ihl) Arlillgtlll/ Expc";IIIelll Parlll, ./ /llIe [3 (mel ./ 1I1/C 13, 1,1)38, logelher teillt 
II II I rl'lrh'd SIII'IIUy sel~d 

Smllth~(l hend~ in- Hmllis ill nil varieties 
A Vltr- -~- ~ -_.' , ~ - ----- ­

uge . Scur- ' 
~:~:~~~: . Shnron, b()rou~h 1 Leoti I 'Potul Smutletl 
po. It kuflr hroom- I sorgo 

corn, i 

pct.-I--;;- -;;-;-;;-1 Pct,..lVo. 
~OIlQ (ullIrQut",1 clwck) . ~2 IiO.9 61. I 76.·1 651 tH.9IXew IlIlpfon'd f\'rt\Sl:lll 2." ... ~. II~' 1.8 \ 7.0 . () 1:1 :1.9 
Mcrko ·IS 21.• I 31.0: 10.1 S. Z.!.O 
Illlrbnk C ., .. ;;''1 1•. 1 5~.~ i ~O.' 20[, H.2 
COI"llll'f ('urh()nl\t~.,_ 02 9. S 1 40.5 1 15.-1 I:!II 32~ 7 
1I1l~lc tnllP\'r ~ul(llte 5~ :\.:: I ~:I.I j .I? 5 1 I~'l :!Ii.S 
CUt'fOlIS O'ti<It.I~ .... ", .. ~ 12:1 2.'i.8 
~lllCur .~ ~~ J;;':\ 3~'~ 'fJ'8: 142 2S.ti 
~l1tIU;~t~tl(L. 5-l, f;O:() I 6~::I Ii.: I : :i58 U:1..1 
\"u!-ll'o·1 . " 	 :US 54.0 
C'nplwr oxyt'hloridt.' 	 ;;.~ ·1:1,0 5:1. ~ :15,4 :?Sf 4•. 0 
~\lrlllnl<ll'hyd(,' ~ 	 :~~ 0 0 0 o o 
~tH.Ii1JIJl hYIHWhlcH"itt.' 	 HOt 1.1.; 0 :I , .5 
f'hloriuu gus 1 ~ 	 41l 1.·1 I 0: 0 ! I' .2 

49 51.5 61.1 41.S I 

1 f'rh~ liquid tn'IlIIlIl'nts \n'r,1 llpplil'd r.h,· tiny ht·ron· plnntill~~ r(1rlUnld~hydtl us 11 1 tu !HU (O..t-}It'recnt) 
-..:olntioll for \,! hour. Hl1(1 sodium h~'po('hilirili' 1\.-; II I·pt·rnmt soiut ion for ~! hour. 

f 	 ..\pplit~tl al tlw rall\ o· h OIlIl('('IH,'r bushel; ull ntht'r dusts at 3 (JUIIl'CS uer bushel. 

~j·Nll'XpO.!4\tI to 10 pt'n'l'lIl ('hlorin~ f:.!:llS ror 1 hour 


Wilh the eXl'pptioll of forlIluldl'hyde, Xcw IlIIpro\'('d ('l'r(':'UIl. nlld pos,;ibly 
:'UclitUII hypm'hlol'ill', lI\1n~' of til(' fllllg-icide,; sig-lIiliclllItly uffl't:ted elJlcrg-cnt:e, 
,\;-: in I!Ja7, Ihp dll:;!' fllng-icidl'S, with Oil(' l'xception, werl:' relnt in'ly ineffcctive in 
l'(llltrolling- S11I1It. ~pw \lIlpro\'I'd ('Cr(':5l1n redllced the Iwcr:t!!;e perccnta!-(e of 
1'IIluttl'd Ill'uds in lh(' (hrl'l' \'lIril'til':5 to a.B compared with H-l.B for no trcatment, 
1111(1 with 22 10 H:.L'i for thl' other nine dW;I,;, ~l'xt in the ordcr of their Il\'cr:t!-(c 
('Ifl'l,th'pnp:;,; \\'('n' ~Ierktl, ('uproll:; oxidl'. (m,;ic t:oppcr sulfate, sulfur, alld copper 
l'ar\)oIlHte. HntH):;l·l'd. ('opper o.xrchlorid£', "liSCO .1. und Burbak (' werc csppcially 
ineffl'eth'l', Forllluidehyr\(· I:'limin:lled all :;mut ill nil thn'(' vllrictil':;, whill' sodium 
hSpochloritl' permit"H'd L I perecnt in broomc()rI.I and chlorillc g"IlS 104 percent ill 
kafir. 

Xu l'ntir('\y ,mtisfactory explanation clln be olfered for the poor smut control 
ubtllinNI in 2 SIIl'l'l',,;:i\'(' y('ur:i with dll:;1 fUIlJ.dcicle:;, :;01111.' of which hud v;i\'cn 
('x('('1I('1I1 r(':;ult::: in pxperilllenis on thl' cOlllrol of stinking- Slllllt of wheu! ut thc 
,\r\inl!;tott Expl'rilllent Furm (7') O\'pr a pcriod of sl'vernl ,\'cur:;. The he:wy 
:;pon; loud Oil th(' H'('d ami till' soil conditions aftl'r pluntittv; bcittp; hiV;hly C(lIldIlCh'(' 
to S!lIut infl,~,ti(Jtt duuhtll''''; :,uiljt>t:I('(1 thl' fllng-ieiclcs (0 1111 IIttUHlIlllL~' s('\'cn' test, 
hut Ilot 1111\' ilIon' :'('\'l'n', it j,.; thou~ht. than did the conditions ohtllinin~ in thl' 
('xpprilllC'III:": with hllnt in whirh :;uti"fudor.,' control wa,; obtuil1l'd ",hl'1I infect.ion 
in til<' elH'ck,; Wll:; us hi~h a:; 90 percent. 

1n tahle II, it i,.; 1I.)ticellbl{' that infcdion frolll dusted ~(,t'd was hi!-(her in til{' 
broonll'ortl than in otlll'r ;';Qrl-(hull\;; in 7 0111 of 10 cll~es. Thi", it wn;; thou!!ht. 
111:1." ha\'{, lw('n part Iy dill' to the faet I hll t IIlIUI,\' of til{' l'cl'd:; .of this \'uriel y 
rl:'tllinl'd tlH'ir ~Ium{',.: und thlt:; lIIadl' Sill lit l'ontrol with dll;;l,; more Itn('ert'aill 
(;!, iil. . 

To (k't('rntinp to what {'xll'nt g-IIIIII('''; on th(' ~('(.'d appreeiably nlf('c!' the incidcl!(,l' 
of lilllUI or iiI' control ill :,or!!illllll. the foll(lwin~ l'xperinl{'nl wm: cnrried out: in the 
~n'('lIh()",:(' in til(' wintl'r of 1!l:3R-·:3!l. Eaeh of four rClllllant :'l'ed lot;; of Ll'ofi 
~ur)!;o frolll Ih\' pn'dl)lI~ season',; \'XPl'rillll'nt~, "'a:' ('areflllh' ,;epnrnl('(1 into t\\'o 
porli()n~, Olll' ('on~i:;till!! of "('I'd with adherl'lIt ~hllll(''; nnd th,' ot:her wilholll 
~Iun\(':,. Thn'l' of thl':'l' 101,; had hpPII inol'lllatl'd IIlId I n'at(',1 II": I'I'P\·ioll:iI.,· 
d(':;l'rihNI. and lht' other \\,11" til(' ilH'I'lllHll'd untreated check. Hix hllndrcd :;Cl'rlS 
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of each lot, hllif of them without ~Iullles, were planted without further treatment 
in soil M) percent saturated and lIlaintained at 20° C. Five days after elller~ence 
the seedlin!!:s were transplanted tu the ~reenhuuse bench where they were ~rown 
to lIIaLurit~·, at which sta~e the data on SIIIUt infection were taken. A similar 
experiment with seed of Bcarborou!!:h broolllcorn, used in the HI39 experiments, 
was carried out in tilP field the following spring. The dala frolll these two experi­
IlH'llt" lire ~iven in table 12. 

TAIlLE 12.-IIIJeciion bi! COVI'l'pd kernel SlIIut and its cO/ltro/ in sorghum as affected 
by the retel/liun oJ g[/llIIes UII the s('ed 

Ihlud~ 2 of 8eurbor·Phmts 1 of L{loti ~t)rgo-" 
(luJ!h hrOOIl1l'Qrn 

EJl1t'n!I'd 	 ~tHturlld ~'lIt1JUt'tl 'I'utal ' SIIIUUl'<I 

l'rl. .•Yo. Prl . J,\'II. Pel. 
NOIW On 'j i·I ~'tl ~S.2 21..1 ~>(I.li 

I)" utI :!4 72 \la.s 242 , 50.0 
Nt'\\' IllIpro"('(I ('t'rt'$un On ji 2:10 0 2:lti : () 

1)(1 Oil ~~ ~4 0 27(1 j 0'I 

(\lPI)(lf l'HrlHlllUh' On I .i-l Hi'! (l 2'.!t1 ·1.1, 

Ilo Oil ;\:\ U\l 0 21ti l () 
Cuprous. o:ddl\ On 56 H\S a.ti 10.02·1\1 I1>0 OIT a., IIH 0 2:!S 0 

I 

I Orown ill till' j.!rf't.~nholl~t' IIrtclt,'r (lontrollNl eonditiuns. highly fl\\·urnhh· for ~rrl1lt· dt~\·pIOJnllCI1t. 
, Orown ill tht.· flC'ltl. Boil wn~ n'llllh'('ly dry and wnrm from plnntinJ,!< to (IUlI,'r!!.. rH.'t'. 

Thc n'~lIlti; illdil'U1(' thnt. ,,(,pel:; fre(' of f,d II Illes. whell illot'lIlutNI with spores d 
t'o\'crNI SlIIlIt, prodl":p U lIlore IWlI,\'ily SlIlIllted crop thull do seeds with adherellt 
~hlllll'''. Th('r(' also i" SOIlIC illdk'n.t·ion that the IJr('scllce of ~Iullles 011 the seeds 
renders SIlIUt cOlltrol llIor!' \Il1eertnin. III three of four cf)Jllpnrisolls, treatmellt 
of the ~Iullled sel'lls with copper clusts fniled to elimillat.(' all of til(' smut, whilc 
the t rl'uted ~Iulliell'';s :;O!('<!s pr()(hl(:ed 1111 slJlu\ted pi:lIIts. even though the IIlJtrellted 
gIUllIl'll';;S speds produl'('(1 plallts with almost twicc liS milch infection us did 
IIl1treated gllllll('(1 Hl'l'ds. III Leot.i. the lI\'em~e emergence froll1 gillflled seeds 
WIIS alllln"t twice illn t frlllll ~h.llllell·&-: secds. 

All at (('lIlp! wus IlIlIde niSI) 1.0 dett"rmill(' th(' IH)ssihl(' pffpl'l of exeessin' OJ' 

dl'ticiPllt, sllil lIl11i:Hure on thp ('olltrol of ;;IIIUt by dust fUIl~ieides. Thr(,l'separat{' 
lots of I\:pY(lort silt IlIulII \\'('I'P lId,iusted to :.lO, 50, alld iO pt'rc('ut Sill II rat iUII, respec­
(h'el,\'. H('(,(\ of Leoti Sllr~(). ilJllclllnted \\'ilh smut spores at a spore d()sa~e of 1 
to 100 and dusted with eopp<'r ~arbonat:c ur l'uprous oxide nt 3 oUllces per bushel 
Or Xl'\\' IlIIpro\"('({ ('Nl'SUIl :lL three-fourths of nn ounce per bushel, WitS plallted 
in eaeh of t he three lot~ nf soil. A telllpl'r:llilrC of 20° C. \\':lS lIlaintuined dllrin~ 
(,lIIer~elH·l·. 'I'll(' lll()i~tllJ'(' ('onten\- ()f thl' soi!;; \\'IIS kept liS nearly constant 1I~ 
p()~sihl(' for sC\'ernl \\'peks nfl(,'r (he plnllts had elller~ed. The data on Sl.IIllt 
infel'tion and ('ontroillre !!in'n in tnbl(' lao 

T.-\III.t) 	 la·' /),'('''[01' 11/"/1 [ 1111,1 con/rol oJrot"'red .~lIIut ill IA'o/i .•(lrgo 1I1nll/ed in /he 
fll'<'I'"I!Ol/sC ill soil.• w(ill .•/('d 10 8 diJT('r('1I1 percell/aries IIJ sa/ur(ltion 

Hpilltin' Soil ~nturnfion {rt;,'ret'Jll' 
{'JllfPt\h"{ control I

Allln'''I<'<I 
H't,"d 	 !'\I'W 1111· -:;Pf't!('opper C'uprolls 

pro\','d('nrh(lllntl1 n'\idl~ 
c'pn't'un 

P,:rtt'lif Petrtlll, Prrt"fllt Pt'U',II' Paf,.", PfTrt'ul 
j.!j~. S 1.0 3.(\ 0 1.-! tH.\"
"J.n 	 'l.t 0 0 .7 !XI,I 
5.ti 1.0 1.1 0 .7 87..' 



COX'l'ItOL OF CEHTAIX DISEASES, OF SORGHmvl 19 

The infe('t..ion pcr('cntaJ!;es, 26.8, 81.6, and 5.6 in soil 30, 1)0, and 70 pcrcent 
saturated. resP('{'tivcly, show n very pronoul\(:l?d relution between relath'c soil 
moisture and infection by smut in the plants from untreated seed. The results 
in the dry soil arc in agreement with the /{cnernl ('onclusions of Melchers lind 
Hunsillg (1:1) thllt at Manhattan "low soilmoistllre (Le., below S or 10 percent 
on thc dry bfisis) reduces thp alllount, of infeetion." Soil frolll l\Ianhatt;lln was 
found (8) 'to have II water-holding capacit.,· of about -10 percent, lind therefore a 
moisture ('ont-t'nt of 10 ppn'ent would \)p equivalpnt to 25 perccIII, saturation. 
Heed and Furis (14), using sllnd, obtained the highest infection percentages at 
lO-pN('enl, Sllturation. Hesults in sand Iwd in soil, ho\\'o\'er, arc not eniirely COI11­
pamblp, for although the wnter-holding capacity of sand is usually lower than 
thnt or soil, tIll' water it, contains is lIlorc ILvailable. Although Ihc relalion between 
soil nlOisture and smut control was not very pronounced, there is sOllie indication 
in these dnta thllt control is favored by a nH'diulJ1 qUllntity of soil lIIoisture and 
hindered by ('x{'essivf,' lind possihly nlso defi:::iellt soil moisture. 

Experillll'IIts 011 SIII,,1 ('ont,rol in 1939 were limited to studies illvolvin~ 3 spore 
dOSII!{l's lind Ii dust fUII~it'ides on seed of 3 vllrietit'R. :'\cw Improved ('ereslln WIIS 
Ilppli('d undiluted at thp recollllllcuded rate of one-hnlf ounCe I)('r hu,;hel. The 5 
other dUst;, wcre IIpplied by the eXt'ess IIIdhnd.' The seed WIIS trcnted l\lay 17 
lind plantNI "by 23 at tti(' rate of 500 l'eNls per -I-I-foot row. Th(' soil lit planting 
tillle was unusllltily dry, and no rain f"ll ulltilnfter emergence, which, liS a rcsult, 
\\'IIS sOlllewhat uneven. The tt'lllpernuII'(' during the period of emergellce ranged 
frlllll 21 0 1032° ('., with It melln of abo"t 20°. The IlVCrll/{l' sland froll1 seed trented 
with the ('opp('r dusts was in('reased 12.5 pcreeJ1t. ",hill' that fro III seed trented 
with the oth('r 3 dll"(s was not appreciahly affected, cOllIpared with enlergence 
frollt 1I111n'ated H'ed. The data 011 SIIlUt infeetion taken in August and September 
arc gh'ell ill tahle 1·1. 

T.UILE 1,1.- (}CCIi/TPIICe and cOlllrol of NII'ered k('mel SI/II/I in .~orgh1l1l/ as affecled by 
spore r/osoyc (lw/ .~r,'d luull/ll!l/l, .lrlill!/lllll Bxprrilll"I1/ F(I 1'111 , trJ8.fJ 

~mlJttt'1.1 1ll'1\ds in - llpuds in nil \"HriC'til~S 

"por~~t.~'fl lfl~llr IIwnt 
dO!'llf.!ll ~l·Hr~

~har(ln Ll'OllbOfOU!!h Total 	 Smlltt~~1kanr ,::oclt°})r(HlUl(,OrIl 

-..•"""-~-.. -------~ ~-

f'rralll F'eruut Pare,,1 	 J.Vumber Pt'Tcellt
1- tlKl It.a :r.?11 35.·1 4S1 ~:1. I

,(mp 	 I-:«XI 1".1 17. tI ~t.4 52U tll. ~ 
H~_~I t".:l 21.\ lrl~ 4 .;.t4 t.,3
I·IW 0 0 (l 4:!:! (l 

'('\\ Impro\ t",-1 Ci'n)~Un 	 I ;IIl(l II (I 0 51:! (l 

H;'I(l (l () (I 552 (I 

I 111(1 tl II (I 4'J:l () 


l ~"Pl}t'r {'urituuntp 	 I ;IIKI II (l Ii:lt 0 

\-(',(1(1 II "(I n tlM 0 

I IIKI (l II 0 filQ 0 


nn~ll' ,'oPlh'r ..tJHnh~ 	 \ :~III 0 n 0 li31 0 

1 1~lll U II 0 W3 0 

I H~I Jl II 0 4li3 0 


C"l1pro(b o.'tidt,l 	 1 :~XI () (I 0 Ii:!! 0 

I I',(XI 0 11 0 62.1 0 

\ Il~1 (1 0 0 44'j 0 


"utrur 	 1 :~I" 0 0 0 4,1 II
I I',(XI 0 0 (] 5(l'j 0 
I 1110 0 2.:! 1.3 4611 1,3 

.\I,'rk" 	 t :llXt 0 L2 .. 4[11'1 . i 
!·'-'WI \,1 60;; .. 

The ('",'('11elll ('Ollt rol of smut by til(' three ('opper dusts alld l\Iel'ko cOlltrnsl~ 
Strc.llll.!;l., \\ ith tit(' resliits frolll \11('$(' material;; ill thE' 2 preyiotts years. Thi" 
Ill:ty p(lssihl~ he attributed to hell"iN applicatiol1" of the dust fUl1l!iride$ lind to 
('OllClitioll"; tlflN plnlltilll.!; h('illl! I(>~" l'''Ilc\ll('i\"(' to SIIlUt infeC'tioll. :-\ulfur, althott!!h 
apPllrl'lltly illC'tf\'et h'(, ill prunlo! illl! h('( tl'l' "1 :111(\S in (,hi;; alld prr'\'ious ('Xper jill" II t,,;. 
wlls;;llrpri;;ill!dyeff('I'ti"eil1slIlut ('olltrlll Thisisill cOlltras\ with Harlmk Illnlld 

In J:\hnr!ltnr) tl':"oh~ :-:hnrnn kulil'. dll~h"fl h,Y Iht' "\l'l':--:- Bwthod. n'tHiIH'ti ('UPIWr ('urilnnn((', cuprous 
o\:idl', anll b~l,"k t(IPlff.'r ~ul(att· in 1lIJl(Junt~ \Jqunlw ~.:!, 10.:', nud 'j.U (IIJJlel':) pl'r bushel. r('spectivt."lly. 
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se\"ernl other dusts thut Wer(' effective in impro\'ing emergence in the 1937 and 
Hl3S cxperilllcllts, bUI \'ery ineffeeth"e in controlling smut. 

Decreusing the spore dosage ill t,his experiment did not cUlIse a proportionate 
dccrease ill tit(' pefl'Clltng(' of infedioll. In fnet. lIllder the conditions of this 
expcriment, whieh ('\'idelltly were nOI, higlt1y condllch'(l 1,1) illfe('tioll, there seellled 
to be IiI U(' eOllsisl en t· relation between sport' doslge wit hin the range Ilsed and 
oeCllrren('o or eOnlrol of SlIlut. 

Heellnse of the 10\\' percentage of smntted hends from untreated seed, it. seenl('d 
desirable to l"ept'at the ubo\'e experiment with seed treated with ('crtllin of thes(' 
dusts lit diff(~rent rutes und planted undcr conditions l1Iore favorable for st'\'cro 
smut infeelion. This was nttenlpled both in the grcenhouse u11(1 in the field in 
U)·IO. Thl' sl)il Ilsed in thc gl"l'enhollse cxperiment.s was infested with the w;ual 
soil-bul"l\(' organisms. In til(' first exppriment Sharon kafir seed WIIS cillt;ted atoll 
spore c\osllg(' of I to 100 with \"iublc spores of covered smul from the 1939 erop. 
8eplll"Htl' portiolls W('l"e tl"eated wilh ;\ew improw'd ('eresall nt, I~. I, ulld II~ 
Olllll'l'S pt.'r hllRh('1. alld with eoppCl" enriJolla\(' or iJnRic copper sllifal.(' nt 2. -I, alld 
8 Olllll'PS pel" bU:lhpl. Any cxeess fUllgieidnl dust lit th(' S-ollnce-pcr-iJllshel rut,(, 
was rPIllo\'('(1 by si('\'illg til(' seed. 

TIl(' ;;('l'd WII!' piullted in the ~rcell hOll;;e bellch ll~ illCIll's decP ill soil abolll 50 
pen'Pllt SlItlll"llt('(1. For elleh mil' of Ilpplientinll of each dllst there were pilll1tl'd 
10 n'pliealiolli; of 100 !'eed;; euch. E\'ery fOllrth row WIIS plllllted t.o lIntreated 
Sl'NI. Thl' I~oil \\"1\;; ('()\'er('(l with l"/LlI\'IlS ll11d 1l1I1illt~lill('(1 at II temperat.llre of 
IS" to 21° C. lIlltii thp ~et'dlill/.(S 1\T'l"(' niJout ttl ('merge. After dnlu 011 elllergellee 
had b('Pll niJtuilll'd. thp plullts \\'('n' I hilllll'c1 suflicielltiy ttl permit. lIormal ~rnwth 
a III I Iwudill/.(. TIlt' dUtH Oil t'lIl('l"/.(t.'lll'P IIlld ;;ml1t l"olltrol are givell ill tahle Iii. 

T.Illl." l::i.-I';JTf'ct oJ s,'/'d Irt'ull/wlIl wilh :i d/l,~1 fUII!lidd"f 011 em('r!l'."/lCI' (II/(I SlIIut 
ronll"lJ/ ill Sh(lwlI kflJir !/mlt'll ;/1 IhL' anT/lhol/se fro III .~I11I1I1t!d .,,'ed, tn'oted af e(lch 
of ,1 mil.' of (//lJllicutillll, III.HI 
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~ (""OUlIlnl"'d \\ ith :l\t'nH.!l' of tltt> ~ lII'nrp:;t elhl('k~, 
1 ~i1!nilkanl irH'rl'tl!'t' 0\ l'r IOWtl$t mttl of :lPl)li(·atioll. 

III thl' hl"ld[y illfl,:<tt'd ~n~l'llhou:;l' ~"iI, tn'a(lll('ni of t hl' secd ill e\'e1"\' ca~c Will:' 

fnllowPd by pnilloullt:t'd iill'f('a:'('f; ill til(' IH'l"Ct'llta/.(l' \)f l'lllergellce, conl])urerl with 
thnt frolll IllllTt'alpd .<eed. ElIICIW'lll'(' p"l"l'elltagl':' fro 11 I "(,l'd trcall'd at the rat!' 
of II.~ "\lnl'[>~ of XI'II illlpro\'('c\ Cen'"all,S Ol1ll('('S "f ('oPlwrcariJollate, '.Jl··1 OllllCl'~ 
of IHl:iil' ('o»P(,l" ~ulfatl' 1ll'1" bu,;lwl \\('I"P :ii)!llifkalltly !!I"l'atel" I hall tho;;e frolll ~ecd 
trt'all'd lit I hl' IlIwl'~t rall'~ with e,wh of theM' l"(':ip('eti\'e fUllgicide:;, nR dei.ertuilll'd 
by thp pairillg" llIl'thod (JO)' 

SIll lit, \\'hi('h ntllg('d frol11 :~O to .IO percent in I ht' checks, WIlS controlled perfectly 
by all thn'l' f\lllg:icidl'" ttl 1111 mit';; of lI(lplicntion u~l'd. Thl'rpfore, it ;;cell\!:; thut 
for thp IHlrp()~t.' of ('onl rollin/.( SlllUt ItntiPl" t h(' (,()IHlitioll~ of t1li~ experiment tht' 
applienlioll (If thl'~(' dll:'l" at ratp" header thall those generally reconllllended for 
that purpo:<p Irn,. of till llth·lIItingL'. 

In a ,.,'('orlt! I'XP('l"illll'lll, whil'h 1I"1l:' l:urripd out both in I;he field and greenholls(' 
in tht' sprin/.( of I \l·IO, s('l'd of Sharon katir and L(>oti sorgo was dURtpd with :;P01"('" 
of ('(J\'prl'd );('1"11('1 f;1111t I n t ,;plln~ t!,,:<agl''' of I t (l 100. I t () aoo, and I to HOO, a1l(1 Iln 
~IIIY t "('panttl' PUl"tiOll:' of (,Ileh lot \\'1'1'.. tn'lItl'd wilh ;;i" fungir-idttl dllsts. XP\\, 
11lIpro\'cd Cert.'"an Inl'; applipd al thl' I":It(' ,)f ~·2, I., lI11d 1)2 ount:e$ per hw;hel, lI11d 
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the five other dust.s Itt 2, 4, and 8 ollnces per bushel. A formaldehyde treatment 
with It I to 240 sulution for one-half huur also was included. 

TIl(> effect. of the rlltl~ of application of the 6 dusts on Cfnergencc in unsterilizcd 
nutumlly illfe:;tcd suil WIlS studied by planting ill til(' grf'ellhonO'e i\la~' 8,300 seeds 
of each I'aricL~', treated with each dll';l, lit each of t hI' a rate~ of application. 
Later 1,500 sped" of ('uch lot were philltl'd ill tht' field lit Arlinglon Farm, Ilnd 000 
ench tit Hays, Kurts., und Ilt Dalhart, Tcx.,6 for studies OIl emcrgcnce ancl also un 
smut control. 

Tht' temperature during emergence in the greenhollse runged from 15° to 35° C. 
and It\"prugp(\ 21).0°. TIll' soil llloi::;lnn' \\'a~ adjusted to ubQul 50-I)('rcent SlItU­

ration. The ;.;oil in the bench had been l'ecellt\y replact'{1 lillel therl'flll'e WIIS not so 
budly illf('l;t('d II." [hut lIscd in pn,\·ious grc('llhou,;{' l'xpcl·iIllCIl\t<. AI> II result of 
t11('~e fuvol'llble cOllditiollS, emcrgcllcc wm~ ('oIH;idernbly lwtter thall it WIlS in tlH' 
field plantillg at Arlill~ton Farm, wh('re till' 1\\'(lragp lemperatlll'l' "'as 20° nlld th(' 
raillfall 2.ii inch"" durin!!: the period of e/l1er~enre. At Hu..\·;:;, ilNtl'r moisture and 
telflpernt un' condition:; rpi'ulted ill eml'r~('IIl'p \>p('('en t a!!:p;:; that COlli pared fal'Dr­
ubly with thol>p obtained in thC' I-(rt'pnlll)ll"l'. At DlIJlwrt, ('xU'('1lI1' drou/.(ht COII­

ditiom; lifter plantin~ inhibitl'd cmeq,(elll'P to such till {'xtellt that 110 data of yuhH' 
could be obtailll'C1. 

Rl'sultl' 011 ';lIIut control were not obtained al lilt,l";; or Dalhart bl'cause extrclll(' 
drollght ('olldiliolls prevl'lItl'd hending. The datu on SlIlIIt cOlltrol obtained III 
Arlill~lon Farm arl' gh'en in tahlt' Hi, lo~ether with the data 011 emergcnce jJl Ih!' 
gn'Pllhtln;:;(' alld ill til(' field. Because thl' different ~pon' dosal-(l's seemcd to hal'!' 
lin !'frl'l't Oil ClIlt'r!!:ellt'(', the;;l' l'('suIis from til(' thrt'(' lots of ;;t'l'cl an' ('olllilizlt,(l. 

TAIlI.~, 1(\.- gll//'rg/'lIcf' and 811111/ cOlltrol in '2 v(/rictit'.~ oj sorgitllll/ grown Jroll/. 811111/­
inocula/('d sl,t'd treated witli different JUlIgicides lit S rates I~r Ilpplicatioli, 1.9.111 

,~ •• __ ......,.-----+_____ -ri ...> ,. . ~ .-~---,. . 

HWt'TJ.!'t)Ul't' of-- BUUlf-inf,(·tt'd JJtmds of 
___~_.4 

Sharon knOr i Lt'ot i $orgo Sharon kllfir L~oti sc)rJ.W ___~~~_i___~_______. _.._~_,___ 

~'il'ld Field ..\ t ~llOn\ flo!'ng(' : AL SPOrt' dO;"on~t·
1--uu!-:iddt, =. of- 0(-' 

v. 

~ ~ c 

1 
2; 

---'--,--'~ 

S 	 1~ 	 g 

! 

I ~ § i g
·F. ·F. ~ ~ 

§l ., 2: 
~ l ~. I 0: ~. 	 , -E " 

..-; 	 - .s .s 3 .s 
~ 	 i 

..-- ...------_. .._-- ------------,--!--! ­
OlllrCt'.'f Pet. Pel. Pct. Pet. Pel. Prl. Prl. Pr/. Pet. Pel. Pel. Pd. 

on H~ClIU< 	 ~~ 71 "., [19 :?~.n 17.7 Hi.;' H.:I 2a.s 21.1l 

I l~ s. fin ~s S:l 5b lin 0 (I 0 (I 0 a. :! 
:--"1'\\ Illlpro\ ('d (\'H'''UI1 I ~~fi 65 _"f 70 42 6, 0 0 () (I () 0I ~ ~~ S(1 tin :;:1 M! as flO () 0 0 0 i 0 

S:I 1)5 Sri Sfi .11 f" 0 0 0 0 0 
Cnppt'r t'arilllllatt' ,I 7U ti9 l!5 ;')5 if n 0 La 1.7

1 M 7;{ S" 7;1 J!! (.J (I (I 0 0 3. I " 2 7H jt) SI $! 4:1 is (1 0 0 .9 ~J 0 

I ," 	 0 

Hu..··,h· ('OPPt1T :'ollHatt' 	 J 4 Mi 7n "~ ,....i H 0 0 0 () 0 0l ~ 74 G:! 7U 7!1 39 i5 " II 0 () 0 0 0 

l 2 So,."i2 7i 1'\.1 5:! 77 0 0 0 0 .Il 6.1 
(*llprIlU~ u:\lII,' -:H 70 is il; 4!i so 0 0 : 0 I 0 .S 0 

S SI 04 SH 74 H 0 II 0 ,0 0 0" 2 iO /H till ·~I 3!1 .iti (J I) , 0 :0 0 0 
~ulfur ;{ 4 .. f\~ Hfl h!j 46 0·' 0 0 0 0 (l 0 

S 85 .55 Iii ,~ 4:3 Iii 0 0 , (I () 0 0 

{ 2 	 ,711 5(1 fifi 7h ·11 6:.1 	 ~.~ ~.O 0 11.9 IS.:! 19..' 
~.,:\tt.'ri..o 	 4 .')~ U5 71i a~ (14 :12.0 10.0 7.5 17.S 4.2 5. Ii 

S SO .17 t1~ SI 41 tjli :!·I.i 10.0 0 n.s _. II
Fonualiidly,!t. tHi 4(\ 40 s,1 31i Iii 0 0 0 1.(1 !I 
SOlI(' S9 liS sa ~I I~ ..i W.·I ·I.(i .1..1 .ll.r." 1.5. i 

----.~-'-'--- --~---~. . -...... 	 -~.....~....,... ­~ ~ 

On i.ll!' wholl', ill tlll'sP later plalll.ill~s heLh'r Plller~ell('e and SlIllIt eon~rol did 
nllt follow l'tJIISiSI('lItly tl/(' us(' of dllst applieHt.iolls heH\'ier\hall t1WSl' IIsually reelllll ­
IJH'lJd(,d, III L!'Oli. !'11It'1'/!l'Il('1' fr!)111 tWl'd tl'!'llIpd witll XI'''' Illlpro\'('d CPI'l'SIIII 
at thr('(' I izlll''' t h(' /'l'('()IIII1Il'lIdl'd ralt' a,\"('ntl-(l'd 2!1 ]>('1"('(,111, Ips,; than irlllll ~"(·d 
lr('a\('d 11\ t,l/(' stalldard ratl', ",hill' ill Sharoll katir til(' ave rag!' redUl'lioll ,,;I~ 

6 Tht-' \\ut~-:'lt Ila~ ... h.aJ1 ..... ~llltl I)alhnrt. Ttl, .. wn::- dotH' hy .A~ l-'. ~wnIlSOT1 lint! B. P. Bnrll('s, resl~l'li\'('ly.
Tht.,'ir geul'rous t\.."Si~tunl't- j;-, gnll~rlllly lh:knowll,dgl·d. 
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only 3,7 prrC't'Ilt. Therr s('PlIIcd to he no eOl1sist('lltly si~nifi(':\nt differcncNl ill 
(,it her variety hctwl'PIl I lip p\'l'ccn taf,(Cs of Plllcrl-(pn('(' frolll seed t reatl'd with I h(, 
other dllsts al 2, ,I. and S llUIl(,CS PCI' bushel. [n I..('llti fOllr of the' <l1I:;ts t'ffet'LL'd 
slightly beUer SIIlUt cOlltrol whell thoy wcrl' applied ilL till' hc:wi!!!' m(('s, hilt tlw 
opposite n'::lult wus n\)Lailw<l with copper carbonate, In Sharon kalil', SllIut ('011­

trolupparelltly 11'118 1101 tdfc('\{od by the ratc of applicution of nll\' of l'he fllllgi<'i<le'i, 
TIlP duta Oil smllt illfN:tioll 11Ilel l'ont.rol, however, were erratic: prnbllbly\.Jp("lIlse 
of Itlek of IInif{)nnit~· in soil l'on(\itions ill the plot of f,(rollnd IISN\. lufeetioll ill 
til(' ('heeks raJl~('(1 frolll oilly ,1.ti to 2S.ti perc('I1[ in Rhuroll nlld from I.;') 10 23.S 
pt'rcpnt ill I..P()Ii. Pnm<lo'(ieull.\', tIll' IO\l'pst illf!,(,tioll in till' Leoti c<llItrols was 
fr(J1l1 8('('<1 irlO('llla(('d at th(' helwil'st sport' dosugl'. 

A\thOllf,(h thp h('st SIIIIIL eontrol WIIS ohluin(,li with sulfur, its illl'lr('dh'PIIl'HS as a 
H('cd prolpl'lallt pl:H'PH it :1I1101l~ the' 1('$'; pr!'fl'ITt'd fllll~i<';dl''; for sorghulII seed 

, (r 

Fll1nu; 2.'-';\\('1'('111',\' IIllury tn H('{'(llill~;: of .1, Leoti sur~() alld IJ, Hharoll l;alir 
!! I'll \\ II ill soil fn'lIl ;:('('ds tl'('ntl't\ with ;\l'W llIlprll\'l't! ('('reHflll at (/, I"; h, 1: nll<l 
c, 1\" UlIlIl'l'S pl'r btlshel ;JO days I.cfore plalltill!!. 

1f('UtIl1Pllt. ;\I('rkn, wldc'h appar('lltly had dl'tl'riol'lltl'f; wilh n!!,', faill'd to 
l'lIlIt 1'01 ,;I1IUt "at i"f:\l,torily ('X\'ppt in I hr('(' >,\.('t! lots rl'('cidll~ npplic'llt inll$ of 
:-; OUII\'pR 1)('1' hu;<11('1. \<'orlu:tldt'h.\'(I(' l'limilltlte'c\ smllt ill four 0111 or ,;ix I'l'('<1 lots, 
but it also r('t1ul'('c\ l'IIICr!!t'llee ill four out of six triak 

[nlll1 additinlJal ('XP('l'illl!'llt to study thl' ('ffpc'! of delayed plallting after tn'al­
lI1('nl with Xl'w llIlpnl\'t'd ('('r('san UII cl1I('I'gen('(' and s{,pdlillf,(illjllry aoo s(,l'cl,; of 
('ueh lot, U'l'a«'<1 with this \'hl'lIlkal, \\'Pre' plulIll'<I ill slerilil.!'d soil, 2, ;i, l:i, an, 
tlnd ,1.1 days nfte!' trealllH'nt. Th(' 1'('~lIltS, ~i\'l'1l ill tuhl(' 17, illdi(':tt(' that illjllr), 
to the "p('d following trpatlllPnt with tid,; lIuu!'rial depelld,; morp on tlw vnriety 
grll\\'11 t1lld UII th(' ratp of upplil'ati()1l thull ,)1\ tIl\' kllgth nf (,jme bet \\"('('11 treuI,ill~ 
:11\(1 plllllt illg, \\'11\'11 s(,l'cl \l'IIS trcllt('(llit t Itt' n'('olllllll'lIcl('(1 rate of olle-half Ollllt:e 
IH'r 1)\I~ht'l and ;;t(\r('(1 for :lO dnys, ('llwrf,(t'Il('e WllS illlpro\"('<1 ,j.!lIH'I'('clli ill Hharun 
hntir hilt n'dllr'c'd .i,:~ ppr(,Pllt in l.t·ol i, and l.1 PPf('('llt, oft h(' Hharon kafir and 
11.7 IH'\,('I' 1\ I of Ihp \.('Ilti snrgo ,,,'pllling;; SIHl\\ed Illerl'ury injury, "'hen th(' 
dllst \\:1'; :lPl'li..d al 2 nlld :'; linH'!" tltc' l'('eoIllIllPIHI('(\ mll', PIIH'rgell('p \\'as illl­
prO\l'd \l,1 alld 2..1 perl'Pllt, r~':;pl'cth(.. ly, in 1\U(ir hut redttl'ed 2li.7 IIlId aO.7 pe\'­
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cent, respeclh'ely, in sOrgO. Mercury injury to the sorgo seedlings also was much 
greater than to the kafir sC(!dlings lfig. 2\. Doubling or trehling the period 
bet.ween treating und planting, however, was not IIlwllYS followed by lin increase 
in the 1\lIIOlll1t. of m()rcur~' injury, but frequently by a decrease. Thus, emergence 
in ShllrQll kllfir was not grcatly IIffected by the rute of application Or the period 
of storage, but in Leoti both these fllctors seemed to have Il pronounced effect. 

TAlIl.~: 17.- 1~l/Ial/ellce (llId lI/t>rcIII"/I-t'njllted seeci/illl/s (~r ..'lilaro/! /.-ajir alld Leoti 
sorl/(I frolll se~'d lrellll"d III S rllle,~ of IIpplicaUon with NI1W Improved CerasclIl 111111 
then stored for periods of 2, 5, 16, SO, (mil 46 dll1/8 bc,/ore pllll/ling 

Elllcrgl'Il('tl (rom :-t.~d Mtcr Dl'(orllll'd sl,HttHng's l (rom 
storUl!ll. (Qr-- trcnlcd se~d storcli­, nllte 
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1 DIIO to IIlJur~' hy merellry. 

Seed-treatment ('xperiments in H)·f I were limited to testing the cfficiency of 
8r)C'rgoll, a rt'l'('ntiy developed, nOlllnl'talli(' lJrganie compound, in cumparison 
wit h Xell" Inlpn)\'l'(l ('cresan lind ('UpPl'I' cllrbonutc. This material, consisting 
of !Hl perel'nt tot l'Ul'hlurlJ-pnra-iJenzoqninonc, is a yello\\' powder of extrellle 
finelH'ss, which adhert,s n'adily to tIll' sl'ed. Fcli:-t (8) has reported excellent, results 
from i Is US(, ('11 PI'UIi ane! t'ot tOllseed, 

In i'tlny 1941, s('pd of Hharllll k:lfir was inoculntpcl with sporcs of c(n'ered kernel 
SlllUt nl n spore dOliagp of 1 to 100. and separale portiolls of thl' SlllUtty seed wcre 
[reatpd with Xl'\\' Impnl\'pd ('eresun at, onl'-half OllllCl' pCI' bushellllld with copper 
carbollat\:' und witlt :-;pergon tit 3 llU1H:l'R per hnshel. The s('ed Was planted ill 
,lulle in 33-foot 10\\'S Ht B,,!t,l\'illl', :'lId., and, through the COllPCrutioll of A. F, 
::;\\'un~lJn, also tit lIn.,'';, I'HIIS. ~e('(l of kanr nne! f('teritn, treatl'd tiS tlbove, was 
nlso pllllltt,d ill tht, gn'ellhouse at, Beltsville when' the :n'erngl' telllperature wus 
tlhout 20° C, dUring tltl' period of w'rrrtillntillll. The data 011 elllergellce ill the 
grt>!'nltuIIH(' alld thl' clnttl 011 SlllUt cOIltrlll ill tlte field are givell ill tnhlc IS. 

TABI.~] IS.- '/'lit' dfec/ of ;) 	.~t't'd d;'iillfe,~I(lJ//S Oil 1)1II('rgf?IICe (llId covercd kerltel 811111t 

cOll/rol ill SO/'l/ltUIII in W.p 

"'------,,---~--

SlIIlItl,'<1 hellds lll ­

Hntl'lwr'Sl"',I,lisinfeClllnl 
hllsh~1 i ll"lts\'ill", llnys,

K"lIr :\lll, Kuns. 

OUIlr,e.i Jlrrt'ellt Pcrr~lIl 
x(~W Improved C'crt'S:lIl . .... ~~ ... ~ ~ li~ m o­ paCfll~ jl perw'g 
~I)(.'r~oll. ~ ~ :J '" i5 8S 
('oPPl'r carbonllle. __ .... ' a Si \ o I 
Ch,'ck............... . SOi ;;;;,0 3i.0 

i ,._---- ..,,--
Thl' heneficial elf('('l of flpergoll 011 emergence togl'ther with its ex('pllellt cOII(rol 

of C()\'('red kerrre\ SIll\l( nppcar to justify placing it UlIlOllg the dust fUllgicides 
suitable for treating liorghullI seed.; 

: In (,,lI~'ril1l(,(l1~ nt ~(\\"t."n SL'ltions in HH:! in which smut in tlw controls mnJ!l'd rrom 7.S to -ta.-I I~r(,l'llt 
~P\·n.:pu mr.-lin hnprov('d l'II1l'I')!t'n('(~ anfl ("ontmlletl SlIIut in ~haron knt1r wl1(.'11 U{JpIiNI to ht.'Sl\'ilr srnuUl'lI 
~'t'\l fit ;3. P.:. ami 1_, 1l1llH\'S llt'r hush!.'I. ~imibr f\1:::UltS Wl'f(\ ohtnirlf.'iI 1l1~o with t(.·tm1l1('thy~thitlnitlldi· 
$ulllll,', ("rri(,lim('(hyl·dithiOt"rlll'lIlUt", nllt! lJl(Jrllhnli'Jt··tl'illt",/Udi~ullld,·, .\It'rcapto·lll·nZ<11hiazoll' WlIS 
('!T,'cth-l\ wlwn HppH~·t1 at aOUIH,('~ lwr hl1!'Ll(I1. Snno~l\\·d (2.~ llt.'rl"I.'IH.. l'thnll()1 lII('rcuric chlol'itl(') was rein· 
th't.'lr hll'1fI.·('th·l~. Lf;l'" Jo!L. IL \\'. SI-:W Jo·p~nJrll)lo:s. ,\:\'0 In:nt"{'r:n l-TSOl('IIU: nosl-~s }o'OIl TIlI-: CO:\THOI. 
or )(£11:-;£1. $~I\'T m'S\)l1<;rlnt. (l'hYlupalh. ;-';Ol,') I'hnO,I:IlIl, ;:~~ .10UI-IOU3. lIH2. 



24 l'ECI:I:XlCAL BULLE'l'L.," 8-19, U. S. DEPT. OF AGiUCIJUl'UHE 

LITEUA_TURE CITED 

(11 A 1'.'0 I'.' nIOUS. 

loan. AI'.'XtTA.l, HEl'Olt1' OF '(,liB ~IY('OLO(1l('AI. ~B(,TIO'" 1-'on THE Y~JAlt 
EN IllXfl ~IA n('11 :11. 1\~16. Cell I·. Provs. fllld HeraI' [rllrliu] Dept. 
Agr.. Agr, Col., ?\ugpur, BoL, Uhem., und Myeol. Hes. [etc.] RpL, 
pp. 2(\-20. 

(2) 	 EI...HEI,,\I,1', A. F. 
wao, S'1'I~IH~JS OX '1'IIE ('01'1'1'1101. OF KEHXEI. ~"Il:r'I' m' SOllOII UlIl. Eg~'pt 

~liJl. Agr. Tech. lind H(·i. F:en'. Hul. 2aa, 22 I1p., iIlus, 
fa) Fm.lx, E. L. 

10·12. 	 'l'E'I'ltAPIII.OUO-PAltA-IlElXZOQl'INo:nJ, AN BI'~'N("I'I\'.J OUC1ANIC SEBD 
l'ltO'I'BC"I'AX'1'. (AbslnwIl Pliytopntho]og." a2: 4, 

(-I) FIXX~JI.I., H. H, 
1020. 1.\11'1\(1\'IXCi i';TAXl)S 01' C1IlAIX SOUC1I1P"IS BY SBElD 'l'IUlNI'lIBN'I'S. 

Okla. Agr. Expt. StH. Bul, 150, I.i pp., iIlu~. 
(5) 	 .JOIINS'I'OX, C. 0., ANU ~lm~CII~JIIS, I.. E. 

l02S. 'I'II'E CON'PUIlI~ l)t·· HOHnllt~~1 K"JH~BI.4 :-;~11'~1~ ANI) 'Pllr~ BI"J.;JoX··}' OJ.' HJ:1l-JD 
'1'IUlA'I'li NN'l'S OX \ 1'1"\ I.I'I'Y 01,' SOIWII tTll IH1BD. KHn~. Agl·. Expt.
Htn. T('eh. Bul. 22: a7 pp. 

(0) 	 K,\lINl"i\1. X. 
l!)27. ~;I'~'~l("I' OF OElIlIIS,\N OX 'I'IIE ('OXTII(lI. OF I1ItAIN Slll"I' (;4 I'll ACE­

1.0'1'11.1('.\ S()U(;1I11 01' ,HI\\-AU \AXllIHII'0(10X SOUctlll!ll). PoonlL 
:\).:1', t '01. ~Ih).:. 10' 10- I!. 

(7) 	 L.~t"lnJI" H, W. 
1!l:37. S1'!'IlH1S ON IIl'N'I~, on S'l'I~KIN(; S)Il"L', OF WIlENI' ANU ITS C'ON'['ltOL, 

t', S. Dept. A).:I'. Te('h, HilI. ;i82, 01 7 pp. 
(l'-il -~ Ilnd i\IAll'I'IN', ,1. H. 

UJ.I:1. smw !lOT ,\N'D iH1fJlll.IN'C1 IICtnIl'l' (n' SOllnllUll. t', R. Dept, Agr. 
Tech. Bul. Sa!), 2fi pp. 

(!))~--- lind XEI.SON', O. A. 
l!)·IO. 'l'1I~1 I'lUl 01' ('Il"OIlIN~l (;AS AS ,\ R~l.ll) I"SIX.'g(,TA~'l'. U. S, Dept. 

A).: 1'. ('iI', ii7G, IIi Jlp., iIlus. 
t t()) !.m'E, n, II" nnd Hltl'NSON, A. ~L 

I !l2,1. S'ITDBN"rS' lltl'I'II0lJ FOil IX'I'.lltI'IlE'I'(,'1(; l'AlltBll .lXI'.lltllIf1N1'S. 
Amer. Soc, A).:l'un. ,lour, 10: (iO n1-. 

(Ill ;\I('I)OX.\I.O, ,J. 
10aG. ltEll'OIl1' (n' 'l'In1 S.:NH)1l 1'1..\1'1'1' l'ATIIOI,OmS'I'. Kenyn ('nlon,I' Dept. 

AgI·. Ann, Hpl. (lOaii) 2: I-I;), 
(12) 	 ~hll,('IIElt:;, L, E., Ilnd IL\xSINC:, E. D. 

W3S. Tllg IX.'I.I'~lX('B OF ~JNYlltONln;N'I',\l. ('ON'Dl1'IONS AT PI.AN1'11'.'C1 '(,!lIB 
ON HOltnllPlI KEHN.;I. Slll''I' IN~'g(,1'ION. AllIer, ,Tour. Hot. 25: 
17-28, illlls. 

Ua) PI.\, .\If1N, F. ,J. 
l!laa, IU11'01l'l'S ON' 'l'IIt: \\'OHKING OF 'rilE D~WAlt'I'.\IENT (W ACiIII('lTlil'IlIU; 

OF Tilt: C.1N''I'IlAI. I'H()\'IN(,gs FOH 'I'lm YEAH" ElXIlII'.'C1 .\lAIICIt :ll, 
Hl12 AND ~IAH!'II :11, H13;!, ·10 pp. 

(1.1) Itmm, G. ~I., and FAlliS, ,J. A. 
102·1. 	 IXFI.t'~lN'('g OF .1N'I'IIIOX,\I. 1",\ ('TO liS ON 'I'llfl IN'nl(,'I'LON O~' SOIWIt U.\lf; 

ANIl (),\'!'S IIY S,lll'TS, I.•:XI'.JIII.\IflNTS \\'1'1'11 ('OI'EllBD AN'1l I,OOsg 
KEII~"'JI. S.Il.l"l'S OF Sl)lInlll:~I. Allier, ,J"lIr. Bol. 11: 518-iia.I, 
ill II;;. 

(I;'j) SWAXSOI>', A. F., and (;B'I''I'Y, H. E. 
lOaD. (,1I~J.\II('Aj, !igm> 1'1n1A'I'lnJXTS FOil SOIWIIP"IS. Allier. Soc, Agron. 

,rOllr. 22: 472-·17ii. 
till) TAKAsl:m, n., aile! AKAISIII, Y. 

10:33. 	S'l't'DnlS ox TilE S~Il"I'S OF SOIlC1l1l'lIS, I. nEltlllXATION 0.' SPOIltlS 
(H' 'I'IIB 1.00S_~: K~mX~ll. ";ll :''1' (SI'IlA(,.]I.(),I'Il~lCA CHtnl;':'I'" ! KUHN) 
I'o'l''nm) !H' HOH(;Ht'.11. R, i\lalH'lillria B,\'. ('0. Agr. Exp!. Hlu. 
HeR. Hill. 11: 21 -tiD, illlis. 

(17) {'PPAI., H. X., tlnd Ih:s,\I, ~1. K. 
lOa!. 	'l'l!~: j,wn:('TI\,~;X~;"" 01" 1l1'''T Pl'N(lIPIlHlf; IX C!)X'l'HOI,('INC: (mAIN 

lill1'T OF SOIWIll'.\1. Agr. UIIII I.i\'(',~t()('k ill Indin I: aoo oIla. 
(18) \\',\I,I,,\('E, C. B. 

103t. 	TilE S~I1.·TS OF liOH("'F~1. ANl) '1'1I~]IH (,OX1'!tOI.. TUligullyiku Dcpt, 
Agr. i\1)'('01. Leafl(,t It, (j pp. 

U. S. GQY£RNIo!ENT PRINTING <;rrrc£: 19-4.3 

]"ot snit.. by lh~~ ~lIlh'I'illll'll(lpllt of I )O('ulIIPII1:--. I~" ~. (:oVI'!'l1I1H'Ut l'l'illtirlj.! OHice 
\\·n.shill~tolt. Il.l" )It'il't' 10 l'Pllts 

http:HOH(;Ht'.11


..~- ... 

.-


I 

"l 
! 

I 
! 
I 

r" 
: 

j 
i 

I 
~ 
~ 

.J
I 

f 

1; 

.~; , 

t' 

r 

) 
II I 

1 

L 


