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IDheat Storage Research 

at Hutchi nson I Ka n s ,I 

and Jamestown, n. Oakl, 
By J, L, S<'mrrvT, associate agricultural engineer, Agricultu.ral Engineering Re.~e(tfch 

Branch, Agricl(/illral Research Service 

COopcl'tlti,e wheat storage research was still.'ted in 1941 at Hutchin­
son, Kans., in the hard reel winter wheat area, and at Jamestown, 
X. Dak.. in the hard reel spring wheat Rrea, by the t:-nitecl States 
Dl'partDl€'nt of .;\..gl'icultme !! and the Kansas and the X orth Dakota 
_\..gTicultuml Experiment StRtions itt the request of the Commoclity 
C).·p(lit Corporation for assistance in the management of govermnent­
O\\"J1pd \,-heat in :;ton1:ge. F.ield work \,-as conc1udNl in 1946.Csecl 
in tIl(> study wen' a large number of Commodity Creclit Corporation 
steel bins of typical farm-type construction, of 1.000- to 5,000-bushel 
capacity. 

The study dNtlt with engineering and entomological problems affect­
ing tIll' safe storage of wheat. 

Enginf2ring H'search :; included bin constrllction, bin fioor designs, 
m('asurenwnt of wheat templ'ratllres, grain ventilation. and related 

I ;';ubmittpd for public!Ltion Oet. 4, ]95·10. Thi" j" the final rE'port on these 
:'tudi~, "ariou:, finding-i5 predolL~ly ha\'c brell rpportrd ill tpchnical journals, ill 
mill!f'ograph('(~ form. or in the following publication" of the C. ;::, Department of 
i\ grLelllture: 

. SHEDD. C. I\:.. and COTTOX. JL T, !'TOllAGE OF "~[Af>r. GRArSS ASD SHELf.ED 
('ORS ox THE FAll~1. C S. Dppt. Agr. rarmers' Bul. 2009, 30 pp., iUm;. J949. 

~TAHf., B, ~L (;R,UX T.IX RE(l1·lRl-~~rEXTS. U. S. Dppt. Agr. eiL 835, 23 pp.,
ilIu.:. 1950, 

'IY,U.Kl}(O;X. H. H .. and t-:CHWITZr.EBEL, R. B. E\'AfXATfOS OF Fl'MfGAXTS FOR 
COSTROr. OF IS':l::r'T," .\TTAC'KI:\(; WHEAT A:\[) CORX IX STEl-;r. llIN". U. S. Dept. 
Agr. Tp('h. Bu1. ]()·Uj•.20 pp., illu~. 195 L. 

~ Thp ('oo[lPl'atiug ageneie" of the r. 6. Department of Agrkulture IlXE)c now 
Tl'prpsentPd by the .\gricultural Engineering Ref'earch Branch, .\gricultural 
R('seareh r-;prdrf'; Biological S('ipncps Branch, Agricultural ~rarketing Service; 
and Urain Diyj;;iotl. CO!lunoditv Stabilization S"J'\·kE'. 

3 Ellgiupprillg :'tlldip:, at Hutc'hinson \\'err uncler th\' immediate superdsion of 
\Y. R. Swan;;ofl,. ti~~btllnt a~ri('ultllral ('uginet'r, until ,June .HJ-1o:) , and of E. R. 
(;r()~;;. a,-;-;oria\f' agricultural enginper, froll! Xo\,pmber 194:3 to October 1946. 
~tudie" at ,JallH';;town w(lre uncil'r t.he iuunC'diate l'up('f\'h,ion of ::'>1. G. Cropsey. 
junior agrielllt ural pn.gillf'c·r, until ,\ug\l~t J9-1oJ, and tlWll of 13. ;,L Btahl, assoriat(' 
llgriellitllrai f'ngiueer. GenC'ral "up('l'\'i~ion of the engin{'('ring pha::;es of wheat 
~torag(' in\'ci'tigatiolli' was by H. ,J. Barr('. forlllPrly senior agricultural enginC'er, 
until l\H:~, then by W. \'. Hukill, principal agriCULtural ('ngineer, Dr. Barre was 
a;~;;i:;\ed by C. F. I\:ell;-, [onn('rly as~o('iatf' agricultural engineer, until the [all of 
19,12. and t111'11 by .T. L Schmidt, as~i:<tant a)!riclLltural engineer. ;'11'. Schmidt 
maintained a central file of data at Ames. Iowa, and was re:<pollsible for the 
analysi;; of the ciai a and prepamt ion of t hi" report.

F. C. PI'ntOll, bead, D('partmC'llt of AgricultUl'al Engineering., Kansas State 
Collegc. and \\'". T. Pl'()'llpl'i'bcl'ger, head, Department of Agricultural Engineering, 
Xorth Dakota Rtatr College, p;a\'(: \'aluable ach'ice on the conduct of the engi­
ut'Pring !'tudie::: in their fitatef'. 
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acti,-jties, Entomological l'ese>ll'ch 4 dealt with analyses of insect 
abundance and species and their efl'ective control by fumigants, 
Preservation of wheitt in bins by improved management pl'llctices was 
a joint responsibility, 

ViTheat storage structlU'(:,s and labor and equipment JOl' huncUing 
wheat and maintaining hins and other property for use in these studies 
'were provided by the Commodity Credit Corporntion tlu'ough the 
Kans,ls anel Xorth Dakotn, Stnte and county agricultural stabiJizntion 
and conscn'atioll committecs,5 

Tills report denls primarily wHh agricultural pnginccl'ing phases of 
thp im-estigations, but includps a scction on mmUtgemellt studies, 
,,'hich were a joint responsibiJit.~, of (·nginN'rs and entomologists, 
P(,l'tincnt data rdating to insccts nl'c iueillclC'd as eritcl'iu for (,valuating 
all storagp results, 

OBJECTIVES 

The g(:'neral objeetiY('s of tIle .l'psparch stllclic's \\'('1'(': (1) To (ktermiul' 
the t~'l)('S of storagc structurl'S that will pn'SP10\"(' tIl(' quality of w]J('ut 
stored on farms t),nd the mrtJ'kpt gl'ad.l's of wlwat that can be sn.kly 
storcd foJ' long 1)(,l'io<1s; (2) to dd{'rminl' UCturn tel", the ('olldi tion and 
clUlllgPS in the conili tiOll of wll('tl t during storage' in typicnl bins, so 
tha t eoncli tions ,\'h it'll might nd n'I'sPly nIr(let wheat stoJ'n~(' in similar 
bins can be forl's('('U and ('OlT(lct{'d l)('fo1'l' hn1'm rl'sults; (:i) to den'lop 
and tpst methods 01' eonditioniJ1~ grain by t'ien,ning imeL turning and 
of ('ooling by JlWtlnS of nil tuntl Y('Jltiln tion so as to reduce insl'ct clam­
ng<, nnd ttniid injUl'ious loenl ('oll('('nh'utions of moisture; (4) Lo d(ltl'r­
nUll(' tllt' l'Pln tion of bill sizl' to thl' eost oJ' storage; (5) to determiJl(' 
[,he (,(I'ptt of YllJ'ious ~rtlill moistul'e ('011 tents, Lpm[wJ'tltul'Ps. and doek­
a~(' and fOJ'('ign mil Lt'J'ial PPI'('l'nUlg('S on tit(' "storn hili ty" or gJ'n in and 
011 inspet. ul'tlyity; and ((n to dptl'l'miJll' tll(' jeklltity, impol'tiw('(', and 
hahits of insectsinfpstin~ storNL whpat nnd thl' l)(Ist fumig!lnts tUlcL 
fumigl1tio)) pnldi('ps foJ' tlH'ir ('ontrol. 

MATERIALS 

TYPES OF BINS 

All tht' ~rHin bill::; iirst us('d foJ' tIl(' ,,"IH'at storage sturli('s at Hut.eb.i.ll­
son and ,Tnnl('stO\n1 W(l1'(' of circulur ('OI'l'lIgilt.l'd ~nh'n"izpd-st(,l'L ('011­

::;tTudioll (Jig, 1), La tt'r,lJ('ctl usc of mat.el'inL sliol'tttgl'S ('.I'('U t.ed by 
Wodd ,yUI' U, prl'i'n,hl'ientl'd wood bins and s("'l'rn1 tYPl'S of ('x(Jl'ri­
]llp.ntnL n.nd tl'mpOI'IlJ',v grain bins W('I'(' tldlkd to til(' bin sitt's fOl' 
Rtl'tlctul'tlL and quaJit,,' st,udil'B, ;\PPJ'oximu,{l·ly 200 stornge billS of 
Yiuiolls t,vl)('S ulld sizt's \\'(Il'(' u,'niJn bk 1'01' j'('sl'll]'('h work n t ('neh Rtn,tiolJ, 
The hins :lvuilnbll' 1'01' till' studies aJ'e listed in tahl(, 1, 

" };utomologi!'al ill\,!'~t,ig:lliom; \l'el'l~ IIIarl!' uuder Lhe illllUE'riiate Ruperl'i~iOIl of 
11. 1:1. V{alkclcll, l"E'llior l'utoJl1ologil"(, alld R, B, Sellll'itzg"efjE'l, [onnE'''''' l'lltomol­
ogi~t, alld um]E'r tlw gen!'ral "lIl)('rl'i~ioll of 11, T. Cotton, prin('ipal cntolllologig(, 
Biolog"ica] S(:i(,IH'('~ BnuH'h, :-'Tarket illg 11cRetLr('li nil'i;;ioll, Agri('ultur:;.1 :-'farkcting 
Scr\'i('p, 

5 E. A. Ellison, fOl'lllPd,v gl'llin ~!omg;e RJle('iltli~(, Gmil! Division, COUlrnodj~y 
St.abilization 8cl'\'i('<', ll.iC\p(\ ill (II(' cOllduct of this I'c~careh in muny 1I'1l.ys, 

• 

• 

• 

http:1I'1l.ys
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• 
VII;[ HI, 1. Part or tlH' ('xpprilllPntal )'[('('1 hill;; al HIIlt'hiu"UIl, KUJl:<. Thp ":till!' 

tY[JP~ \\'pre 1I~('d at .':L'IlI'~t[)\I"Il. X. lla.k. TIlt' hin inthp rOI"t'I-!:/"IJ1 II IcI ha.,.; a t"tlP!Wil.\· 
of ii,OO() 11l1:,JIl-h.. ; th()~l" at tll(, right, l,(J()O 11l1,,11t'ls, and at tl!('left, 2.7,j() buslH'b • 

ARRANGEMENT OF BINS 

TIIP ;;l('p] l)i/l;; \\'('J'(' ;;0 ,,;pu(·pd t Iln! g'l'Uill ('mlld b(· 1111'11('<1 l'rorn Olle' 
hill to Ihp lIPxl in llt(' ;;1l1lH' J'O\\'. 01' ililo H hill ill Ull OPpo;;il(' J'()\\', h.\~ 
Il;;illg (HIP fnrlll (')('nllol', lllll:.; I'liminnling Illllll·t·P;;;;UI'Y ll'lwkillg. \rood 
hill;; Hlld 11·Illf!OI':lI'.Y hill;; \\'(,1'(' nddt'r1 ui'\<'l' tIl<' ol'iginnl ;;\('(·1 bins \\'(,1'(' 
I' I'I'C' t pel in I (l.,! I . 

SOURCE AND CONDITION OF THE WHEAT 

'rIll'Ut frolll tl'1'Jl1inul 1'1('\'ul{)l';; \\'us pluc'pel itt I'XpPl'iJll(,lltnl slol'agl' 
ut lltp iJill sil(',,; u"; i'ollO\\,,.;: 

J /'j/dtilUWl/t /\·'lIUI', .Ialfu.~!"{rll • .\. DrrL 
lUll 2S;';",10 Illl. ill liS I,ill' 2SIi,2()() 1>11. ill I,ll hill". 

HI12 " 1,:l1iO bll, ill 21i hill' 2.1.772 "II. ill 21)I,ill'.

I !II:{ 
 :l.i.()!HJ 1111 ill 21 bill, I s.I.-,O 1>11. ill { bill', 

• 

I( \\'tt,.; \\'hl'tll or (lit, ('onclilioll (itul lllUY 1)(· ur'qllil'(·d lJy tlIt' ('OIl1­
lIlodity ('J'(,eli( ('OJ'pol'ulioll ('('(I, i'OI',.;tol'ugl' Hl nllY liIlH'. I( gl'lI(kd 
lllm.. l/\' So, :2 nlld So. :l, \Ju( n i'e'\\ of tlIp hillS \\'('J'(' Jill('d willi ."t). 1 
lIlld ;'\0 . .:I- WIIPHI. 11 \n(;; 100\'-llloi;;(tll'p-('oll(l'IlI ",he'll!. :\\'PI't1!.!:ill!.!: 

11.:1 P('f'('PIlI III IItJI(·hill";OIl nllt! 1~A PPI'C'('1I1 lil ,Jtlll1l',.;tO\\'Il. ., 
:-;()IlJ(' of (ill' \\'IJI'II( u;;C'd ill ;;IIOI'I-tim(' (Oxj>PJ'im('Il("; \\'l!;; eli"posl'eI or 

al I'lld of I \'C':II' ullcI ;;()JJl(' \\'a:-; ;;old fl'om (illl(' (n tilll(' 10 1111'('1 waJ' 
1\('('(1;;, 1I0\i'p\'('I',1I IUl'g<' purl \\,:1;-; IIdel ill s(IlJ'ng(' 1IIIIil 1\)·14 nlld ID.l;i. 
nlld ;;Olilt' lInlil In,lti. 
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TABLE I.-Types and capacities of Mas available for wheal storage stu.dies, 
II1ltchinson, Kans., and Jamestown, N. Dak. 

·'---1'.-~in.ca-II-~:~~;~o~~ ---f--;:n~=-- •Bin type and description 
pnctty ! ~'oLul I ! 'rotalI BinH Icapacity I Bins : capacit~-

---------------------;----,----,----,----'---­
standard steel bins: Bushels r lYumber ! Bllshels , ]"umber : Bu.,/icis 

',000 i 84 i 84.000' 70 i 70, lIoo
1,000 ' 1 1,000._. ___ • __ • _. __ • ___ __ 

i:~~ ~'~:~~g i====::::-- ::::::::::
""50 2 i 4,500,_._. ____ .• __ . ____ _Iii lj~~ ~ tt;;~~!~~~~~~~~~~~~~~l::~~~l~~~{~~~;~~~~t~i 
2: 740 S5 2.12,900 i 103 282,220
4,100 2! S,200 _. ______ • __________ _ 
5,000 2 ___ • . 

Bolted steel tank: 
~~: ~!~: ~ ~!;~~~~!:~:=:::::::::::::=::::::::::::::: , i 10,000 ______ 

21.5' din. x 16' high. ______ •______________________ __ .1,600 
Experimental concrete block: ' 

4,600 : 

12' x 24' x 8'.. ,.. .. ~_~~_~___ ~~ __ .. ____ ~ __ ~+ ____ ~ _ .... _ ~ __ 2,000 ' 1. 2,000 
PreCabricated und precnt wood bins: ,

12' x 16' x 10'.. _.......... _.. _~ _~ ____ ~ ... __.... __ -0 __ ~ ... ~ .. __ I, GOO' 11 17. GOO
___ ... 

Special wood bins; , 
8' x 16' x 8', with roll roofing on shed-type rooL •• __ 850 2 1.700 
15.3' din. x 8' high, ]2·sided ('1' x S' Ixmels). ____ ._. 1.150 1,150• ____ .,. ___ __ ..~. ~T~ ~~ 

14' x 14' x 8', with roll rOOfing on gable rooL... __ __ ],250 , 1,260 

15.3' din. x 10' high, 12·sided (;t' x ]0' panels). ____ .J 1.a50 1.:l50 

]2' x 18' x 10.ii', wit h shingled gable roof _ _ _ __ ___ 1,800 2 !1.1il1O 

14' x 16' x 10.5', with shingled gable rooC • 1,860 7,440 

15.5' 7015.51 x 10', tougue·nnd~groOv(lJ corner-Iorked 


2"'plnnk~, ..... ~._ . __ ._4~_~.~~_.~_."w_ ... _ >_~_r~~' 2,000 2,000 

15~~; x 15.5~ 'X 18', tongue-nnd-groow', corner·lo('kt'd ! 
_ plank._. ______ • ______ . _______________ .... 

3,300 2:l, lllO 
Special bins other thun wood: 

10.5' diu. x G' high. 2 layers or roll roofin!! l'('mrllt~d 
together, cxt(·rnun~· supported by 2" x 4" Sllld~ <ltJ() 400 

15' diu. x 4' bigh, presse(l ,,-ood wnlls, krart-paper rooL..___________________ •___ . ___ . _, ___________ __ .no 	 1.400 
IS.5' rua. x ,t' high, pressed wood walls, kruCt-paper rooL_._____.. _.. ________ •__ •________ .. _.. ___ ..... 1,000 	 I.noo 
12.5' din. x 10' high. wallboard walls, kraft·puper rooC_..______ . _______________________ .•_, ____ ." 1,000 	 2.0011 •
H.5' din. x 8' higlt. wallboard walls, krn[t-pap,'r rooC. _____ _______ ___ __ ___ ___ ____ __ ___ .. __ .. _____ _ 

I. 000 1. om 

19' diu. x 10' high, wallboard wnlls, kruCl-pal,er 


roof.. _, ________ •_______.. ________ .......... .• ___ , 
 !?,2[)(} 4,500 

Jl' X 15/ XS' of insulntiou hoard, witlt rooC o[ insll­

lation board co,'cred by roll roofing._. ____ • ____ __ I,05f) 1,050

12' x 20' x 7' high, williboard wnlls ______________ .. _ 1,200 l,~l()() 


16' x 38' x 3.5' at pellk; 11 rick, roll rOOfing US 11001'
and cowr__ "__ "_______ ._. __ • ________ .. '. _______ __ r.JO 
16' dia. x 4' high, <1" x 4" wire mcslt lined with ' kraft puper_" ____ .. __ ..._..___ •_______________ _ 750 

16' dia. x 8' high, 4," x 2" wire fencing lined with 
roll roofing ____________ ... ____________________ • __ . 1.400 1,4UO 
18/ 	dla. x 7' high, 18 panels oC 6" x 6" wife mesh 


bolted at joint_ ,HId lw,'d with krMt pllper,
canvns fooL _________________ •______________ •____ . t. SOO 1.5OfI 


~'otaL ..___ ._ ..__________ .. ____ "" ______ .__ .. _________ _ 
 lOS 3.5,6;;0 203 40G,3HU 

SAMPLING OF WHEAT IN STORAGE 

Successive nvcrage whent so;mplcs, tnken from tlH' billS n,t Hutchin­
son and Jamestown, were alHlJyzed 6 fot' the commercial grnde factol's ­
test weight, moisture content, i'ol'rignmn.tcrial, total dn.illage, dockage, 
fu.t ac:idily, protein content, gel'rolna.tion ]wl'c('ntage, a.nd fol' kind ancl 
number of insects-to show auy changes iu the condition of the stored 
wheat. In addition, numerous special samples \\-(,J'C taken 1'01' grade 
determinations, inciiviciun.l moistul'e readings, or inseet COLUltS. • 

ft Wheat grade factors, prot.ein contl'nt, fat acidity, and gf'rtninatiol1 were dp­
termined by tile Agricultural :\Iarketing Sen'ice, now Gra.in Di\'i:;ioll,. Comlllodity 
Stabilization Sen'.ie!", r. S. Department of Agriculture. 
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'. .An ityerage sample from a bin of wheat consisted of a :mixtW'e of 
small portions of wheat taken by probe along 9 specified lines down 
tlu'ough the wheat. The posi' ons of these lines were 1 yerUcal at 
the crnter; 4 diagonal lines 1)(- ,-inning off-crntei' about olle-thirdof 
till' <1is[ancr of the bin radius and dirrcted to the floor-\\rall junction 
(m the north, NtS!, south, and ,vest sides of the hin: illld 4 shorter 
clingollnllines beginning off-center at about olle-llfi]f the. distance of 
the bin radius and directed to a point on each of the 4 walls at a.bout 
two-thirds the distance above the floor, The sampling r] Tors , cal­
culated from 78 duplicate whrat samples, for estimating the various 
qualit,\- factors in a hin \\'itll this method of sampling were as follows: 

Sampling error I at the 
Factor; if- percent I e1'('1

Tp;::t \\'eig-ht. __ _ ±0.46 pOllnd per bushel
:'IloislllTP ('oniPllt ± n,30 lJPrcpnt
Durkag-e. _ _ ±O,]O perccnt
FOI'Pig-n llIaterial 
Total damage' ±0.36 per('('II(;
Fnl aric1it \' ~ ±4.40 units
]'l"Oi"e'ill .:. __ ± 0.66 perc'C'nt
Germinniioll :±:OR.30 perreni 
Thc rrrol'~ also il\cllld~ tlny rrn,," in tll'lrl'll1illin~ thc r'lctor~, 
:i'~~ ]l. HI lor definition of fut aridity, 

• 
III nddition io tlH' ohs(,J'nltions to determine rhanges in quality 

facto]'s, wh('ut [pmperatuJ'Ps W(lJ'(' tnkp11 ppl'iociienlly to study the effect 
of :,wn'J'al factol's sueh as pres('.1)('(' oJ ins('cts, bin sizp, ('ooting practices, 
s('aRonai t('mp('l'nlm'(' chungps, and t11(' J11Nlll annual tpmperatul"e clif­
fpJ'(,llreR ])('(\\'('('11 storagC' locu [ions, 

An estimntl'd 12,000 sumple·s \\'('re takC'1l 1'rom tllt' ,,'h('nt while in 
stol'ngC', and npproximatdy 50,000 dC'tpl'minations of [Pst weight, 
moi5tul'(" clo('kng(', Jon'ign mnf(,l'inl. t.otnl damage, proteiu ('ontent, 
fnl neidit,\'. 01' g(,I'minntion ,,'rl'(' mudI.'. In nddi[ion, npPl'o::-.imatd,\' 
2f)O,OOO tl'mpC'l'utlll't' obsC'ITntions 01' ",lieu! in storagC' wel'p maciC' and 
1'('('o['(IPd. 

STORAGE IN STEEL BINS 

TJI(' C'omnwl'eial him: nspd \\'('1'1.' huil t of preJorlll('d galnulizecl eo1'­
I'ngatpcl-:5tpd \\'aU sh('('ts, holted together on the siLl'. 1.,('[\,(1 washr]'s 
\\'C'.I'(' wwd under tll(' holls to make them wntel'tigJlt, and, with few 
(',xcppliom;, calking ('om pound was lIsed to senl \\'uU and .(iooJ'-wall 
joints. TJll' billS W('I'(' ('quipp('cl with guh-nniz('(l sl)('('t ::;kd :floors 
Itu\'jng wutC'l'!ight pI'('fol'l1wd joints lnid dil'C'ctly 011 ill(' rarth fill of 
the' (,OIlCl'l'{P hloek fonndation.' ThC' un(/Nsic/e of UII:' f100l' was 
('()\'C'I'(,d with fl thick eOflting of asphaltic paint. 

• 
'1'J]('I'(' waR no Rl'.l'iOUS dnmag(' to the steel bins rflusrcl by grain 

PJ'('RSUl'l'S or by 5torlllS. L('nkilg(' of 1'11iu\\'ntl'], into most' of the bins, 
IlOwpn'J', ('1111,,(,(/ son1(' ;;po.iln.g(' oj' grain, ~Jun,\' of Uw bins \\'('1'P nJso 
RlIbj('cL !o ;;no\\' ]l'ukng(', blowlJ iJl througll roof \Yl'fllilntors, damaged 
roof in5ppction dool'R, nnd lInrlpJ' ('nY('s. TJI(' snow \\'us usually found 
n nd J'cllloy('d d llring ",liNt[ insp('('t ion::; unci ('nus('(J no nppl'Priablc
damage, 

7 lrt 1!150 tIl(' II~P of ('OIU'/'Ptc' blot'kl' for bill fOllllrlalioll1' was r1iHcontinul'd b\' 
lllp (,('C', nlld [l IHPtat fO\llH.lalioll rill~ thul \\':11' partly buripcl.in tIl(' ground I\':i.~ 
l·m l>st itut pcL This ('hallge 1'1WNl ('o[)sidpmiJle Jabor alld Illlllerinl and elilllinated 
ndclitional anch()ra~e. 

http:buripcl.in
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At Hutchinson 119 steC'l bins, having clllkC'c1 fioor and wall joints, 
werC' examiuC'd, aftC'r C'mptying for spoilagc causC'cl b.'-leakage of rain-
watC'.l'. Spoilage was found iu110 hins, including 58 with leaks through 
the wall joints, C'specially the n'l'tical joints; 51 ,dtll leaks at the :Aoor­
wall joint; 20 with }C'aks at the fTamC' of the emptying door; and 19 
with leaks through ul1C'(Llked roofs. LC'akagp at mo1'C' than one of 
these sourcC's was found in many bins (figs. 2 to 4). The \\-hC'at in 
these bins had l)('('n storN1 from 1. to 5 ,-c:u'S ,,-ilh insect illf('station 
kept under controL • 

TIlt' extent of spoilag(' C'!lUsl'd 1).\" \\'ater ]pakagp through wall joints, 
floor-wall joints, nnd nround dool't'ran1l's was not Sl'paratel.'- 1'l'C'onkd. 
Ho,,-e,-('r, thp total amount found in thp bins nt these soul'ces ranged 
from a trn('p to a mnxi111um of 50 hushpls in 1 bin. 'j\n) hins had i'l'om 
25 to ao bushpls of spoiit'd grain; 2' from 15 to 20 bushels; 5 from IO to 
15; :30 from:) to 10; GO from a tract' to 5; Hnd]O hins had only a t1':1('('. 
Spoilngp ('ausN] 1),\" 1'001' Ipaks aV('rngpd 2.7 busllP]s 1)('1' bin, .mnging 
from a tra('c to 12 1>us])('ls. 

The pxtC'l1i of spoilagp ill U)(' hins val'ip(] with tlH' kngth of tinw th(' 
wh('at wns stol'pcl. 'I'll(' nY('rng(' nmount of spoilngp in hins in which 
Iyheat was slol't'd ] yt'nl' ,nlS 0.0 bushel; 2 .'"pHrS, 4.0 hllShp1s; :1 ypnrs, 
5.2 buslwls; nnd 4 to 5 :,nn1'S, ] 2.(j busll('ls. 

Avt'ragp spoilage in twenty-six 1,OOO-huslwl bins afll'r 2 and :~ :nfU'S 
of storagp wns 5.2 buslH'1s ])('1' hin, ns ('ompnJ'l'd with nn nYt'rngp of 4,fl 
busbpls pP], hin in Jort:----iin- 2, 740-hushPl bins, in which tJw wlll'u t wus 
stofPd 1'01' til(' sunw length of time. Ttl(' 2,740-bushp1 hins werc 01' a 
n('\\'('1' (Ipsign than tl]{' 1,OOO-buslH'1 hins. 

Calking tll(' stp('l-s11('p( joints in tll(' hins at Bulchinson, <luring or 
llftpl' (']'('clion, did not, nppl'tu' to impJ'on' mal('rinlly ill(' tightlH'SS of 
the hin, unll'ss til(' stpd sh('('t lwei b(,P11 dnmngpd and n nor1l1l11 joint 
('ould not 1)(' Jlln<i('. '.I'lH' ny('rag(' n.mollnt of spoilpd wh('al owing to 
\\'alpr Ipakngp in (j uneulkC'd hins was :i.2 bllshds ppr bin uft('/' 2 nnd :3 
,\"('nrs 01' slorng(' as ('ompnJ'{'d LJ 4.5 bllslwls jwr bin in 28 similnr hins 
Ihal had b(,l'n culkpd dl1l'ing Ot' aft('1' pI'P('(ion. The ('ompound us('d 
1'01' culking t1H' hins bnd n t('n<lP11(,)- to dr.,-, und nfle]' 1 or mo)'(' Yl'tlrS 
tIl(' ('xpan;;ion nnd ('ont],l1cti(lll of sl('(·l sheds ('rnekt'd it nnd thus at 
limps ('[luspd 11 SOlll'f'p of h'nkagp owing to fuiltll'(' 01' cnlking. Also, 
\\'hl'n t!lt' ('nIking {'ompollud is applip<1 with tl cnlking glln during (,j'('('­
lion, ('xl )'(\11](' (';\ III ion is r('quired to nssuJ'(' un P,-pH tlnd ('ontinuous 
Iny('r of compound jH't"-PPll thc' sl1('<'1 joints, b('('nusp nay hrpaks or 
1ll1(""PIIIlPSS in till' compound mny j)(>rmit pntr)" of wlllp), flS it runs 
dO\l'n thp sidl' 01' tJH' hin (fig. 5). 

Xot onl,\' <lo{'s walp], 1PU](llgP ('HUSP some' spoilag(', hut it ulsoinflu­
('l1C'PS iJ1S('d life' in st()J'pr\ whplll. Grnin of high moisllll'C' {'onU'HI is 
highl,'- n I trnd i VP to ins('{'t s, n nd is a1s(1 difficult to Jumign.tp dl'p('(i \'('}.". 
Inspd infpsilttions in It'llk,. hins mny ('nsilv douhJp tIl(' lotnl amount of 
damag(\(\ grnin found. (iomhillPd 'ins(I(,t=damngPd nnd wnlpr-spoiled 
'wlH'fliJouncl in 01H' hin atUu tell inson, afll'], 4 ."('l1),s of slo)'ngp, ('x('('(,d('r\ 
100 l)l1silp]s, nud III nnoth('r bin, aJ'lt'r 5 .n'nl's of stomgp, RO bushpls. 

At ,jlltlH'stown, 17 bins .ill "hieh WhNl.t had \)P(\11 stoJ'('d for 1 YNU' 
weI'(' pmpti('d and ('xnmitlPd for p,-idptl{'C' of spoilngp IW('HUs{\ of .rnin­
wat<~r h.akng(·. \Y1I ill' Hi cOlltn i t1C'd wlH'u t spo.i1pd h.,- rai 11, 2 of til(' 
bins showed onl,\' n. Inu'l' or spoilnp;('. '1'1)(' spoiled whent J'llllg('d from 

• 

• 

• 
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3 pounds to 2 bushels, with the average 0,4 bushel pel' bin, as com­
pared ,,-ith 0.9 pel' bin at Hutchinson, Less rainfall and greatC'1' care 
in erecting and C'alking thc bins at Jalllcstowu aTC factors 1wlievC'(l 
1'csponsible for the difference shown, K ormal annual rainfall at 
Jamestow-n is a.bout 20 inchcs as compared ·with about 28 inchcs at 
Hutchinson. 

CHANGE IN WHEAT CONDITION IN LONGTIME STORAGE 

In gcucl'fll the condition of the relatively dry wheat stored .in farm­
type bins at Hutchinson and Jamrstown did not changc "hilr in 
storage unlcss damagc'cl by insect: infpstation or rninwatC'l' lC'a.kage. 
1Yhcat was stored in watertight bins at ,Jamestown 1'01' as long as 47~ 
ycars and at HutC'hiuson foJ' 5 :---C'ars without ellange in the an'l'llge 
gradC'. Aftc'I' 2 oj' mol'C' years of storagC', 1Iowey('1', mallY of the bins 
containcd small flJ.'cas of clPterioratN! 01' partl:--- detpl'iorated ·",I1('n1 at 
t\e surfacc, T11('se an'as ,n'l'e caUSN! by nn iucl'('asC' in surfacc' mois­
ture, but in thPir entirety tlwy 1'epn'spn'tpd less Lhan 2 1)('1'(-(-nl of the 
total amount of wh('at :in tbe hin, \rhC'll the bins W('l"l' rmptipd, the 
whent in tlll'S(, areas wns mixed with thr l'est of lht' wl1('at without 
matel'ia.lly affecting the aV(,J'Uge grade'. Tile size of til(' bin did not 
appeal' to afl'PC't the condition of the wheat, ('xC'cpt that surfacc spoilagc 
was h'ss pronouncecl in the smaller bins. 

CHANGES IN WHEAT GRADE FACTORS 

Data obtnined on succ(-ssivp ayeJ'tlgf' nnd s]Jl'cial ,dH'nt samples 
takeu from the stcel bins at Hutehinson and .Jan1l'sto\\"n we1'(' IUlah'zt'd 
to show natural chunges in the individual grndr fa.etors nnd in" the 
protein content, fat ncidiLy, nne! yia\)ilit,r (pcrcent gl'rminntion) of the 
wheat while in stomgl? Ex('ept for t.he grndp Taetol' of total damage 
and for the speeial snmplc fHetOl'S, onl:--- sllC'cessin' av('rag(' datn. were 
usecl in thp analyses, 'rlles(' dnta W('J'(' colleclN! Oil ",Iwat that was 
stored undisturbccl for at least :3 years and in which inse('t dnmage 
wus prcy·cntcd. 

Test Weight 

Succrssiyl' ayprng(' tr-st wcights tnken from :34 bins at lIute11inson 
und 52 at .Jamesto\\-n l(w :33 months sIlo 1\- the dl'('('( 01' ll'llgth 01' stomge 
on wbrat tpst weight (tablcs 2 nucl 3), The tpst ,n-ights ginn in the 
tabll?s nre flveragl's of sl'ypml bins groulwel as to bin sizp nnd moistm'r 
eoutput of t1H' \\-hrat and, in the casp 01' HutchinsoTI, as to til(' (TOP 
YPflr of thl' wheat, Also indu<ied in tll(' tflhlps hI'(' thl' ('ol'l"plntion and 
i'egl"ession coeflieil'llts for the 1'(11n tionshi p bPiw(,pn t he' IPllgth of stOI'­
age (months) and thp Sllcc('ssive a yerage {pst w('igiJ ts for p[\('h group 
of bins. 

According to the correlation analyse'S of Uip datil in tnbl('s 2 nne! 3, 
14 of the ]f5 gl'OlIpS of bins showed a (/pcl'('as(' in til!' ily('rugc tpst 
weight whil(' in stOl'flgC, but this tl'('nd was Rtn.tisLicnlly- si~nifieant ill 
only 5 groupR, Exec'pt Jor 1 group of hins nt .Jalll('stowll, th('sl' 
significnnt, dpcl'rasl'S wpl'e in groups of hillS filJed with \\"heat of higher 
moisturc' contents, TIlt' rate 01' t('s(·, w('ight, dl'('I'PHS(,S tiS sC'('n by OIP 
regression codlieiPllLS, how('\'('j', \\'('l'(' smnll and comm('l'('inll)r lwgligi­
hl('. UJ1Jess t.lw test w('.igiit of thl' wlI('nt wlIen plaepd in storage is 
neal' the grncle borderlin(" tll('se clIanges ill test w('igiJts would not 
affect the commcrcial grnd(, over scycrnl YPHl'S 01' storage, 
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TABLE 2.-Changes in test 10eight oj 191,.0 and 1943 wh(lat stored at different moisture 
contents in steel bins of 3 different capaci~ies at Hutchinson 

Average test weight per bushel 

1940 whent; moisture contont of- 1943 wheut; moisture content of-

Length of storage 10 per- I 11 pcrcpnt ;. 12 per- 9 per- '110 per-Ill per- . 12 pe.r.­
(mor,tllS) ~I__________ ('cnt ~~~~t_ 

Six II Four I Eight I' '1'wo '1'1"0' 'Cwo . }'our Six 
2,740- 1,000- 2,740- 5,000- 1,000- I 2,740-1 2,740- 1,000­

bushel bushel Ibushel bushel bushel bushel bushel bushel 
1)ills . billS bins bins hins hins bins bins 
I: f.! 

-----------+I-P-?-li-~-cl-S'I·-l-'_O-IL-~-cl-S l-p-_-OI-t.'-~(-ls-.I-~-'-OI-t.'-l<-iS-' -J-)!,-."-~-cls-.I-p-?I-t'-'d-s-!i-P-?I-t.-II(-i8-II-P-OI-"-It-IS-
0__________________ • _________ , l'O._ DS._ 58. a 108.0 63.. I 60.S (i0.0 60.6 
3----------------.---------.-, oO.a 58.2 58. 'l 58. S 62.9! m. \) 5U.8 m.3
6____________ • ___ •____ •• _____ GO. 1 58.2 58.2 158.5 6:\.0 I 61.0 I 59.S GU.2 
9____________ • _________ • ____ .1 60.2 ,58.3 58.4 .18.4 62.-1 - 60.6 I 59.6 f 00.2 

n===::::::::::::::::::::::::: g~:~ I ~U ~:~: ~J :::::::::i:::::::::i:::::::::C:::::: 
18___________________ •• ___ ._ m.l I 58.2 58.1' .1~.4 62.0 1.--------1 59.7 ! 60.0 

~t::=::::::::::::::::::::::! ~gJ I !iJ ~iJ ;~J :::::::::::::::==::::::::::f:::::::I 
30_________________ •. ___ ..... _, 60.1 58.2 158.5 157.6 62.8 i 61.2 159.7 11iO.0 

~~,:~~:~;~~-~~~;);:~-,:;::~::::i ~:~2'1 II: :::20 i ~::'IO I,-=~~~~:-I ~:~.'4 :.----~~~~-i--=~;,~~-i--=~~~~:
Regressioncoelllcicnt'____ .j -.005. -.OU51 -.OU:1, -.024 I -.OO:l! .01.2: -.0071 -.017 

I! t j: 
1 * = Significunt at the 5-percent leyel. 

, '1'he average change in test weight per month oC storage. 


TABLE 3.-Changes in leslweighl of 1940 -wheal stored at diilercnl 'moisture contenls 
-in steel bins of 2 di.fFerenl ca7Jacilies al JCL7neslown 

Averngc test weight pcr bushel 

l1-11crccnt UlQisture 112-percent moisture,' 13-percent moisture il.[-p~rt·ce~~t
whe'lt 'wheat whe'lt IlIlotS Ute 

Length of stomgc (months) • I 1 ' whcat 

I
Seven Three' Nine 'l'wenty i So"en ! '1'lIroe ! 'l'lllce 
1,000- 2,740- 1,000- 2,740- 11,000- 1 2,74()- , 1,000­
bushel hushcl bushel bushel bushel! bushol Ibusl1('1 

_____________;'._I_l_in_s_ _ hins bins hins hins I bins hins 

IPonllds ' P~~t"d.~ , P~!!/ld81 p~~"!(J.y I P~I.Uld,Y I ['.oltnds " ;::~lL!lds 

~·..~~~·.:~::~!l~.~l:·~~·!·:.1 ~! i! i! II i! I ~IIJI I~I 
21., ........__ ..... _.. ___ ....... ___ .. _~ ~_ .... ___ ; 57.5 57.1 5G.9 57.2 fiU. a .58.0 55.0 
2<L.-.. --------------.-----------i 57.'1 57.2 fill. I! . 57:1 56.3 j 58.0 M.S
2i __..___ ..... ____ ... _~ .. ______ .. __ .. ____ 1 .S1.5 57.2 57.0 57.1 nG.v '157.n 54.7 
30__________ •______ .... __ • ______ , 57.5 57.3 57.0. .17.,1 5li,4 58.0 54.(j
33______________..._. __________ .! 57.5 __ •_______ 1 5G.9 1..__ ._.___ 5Q.3 :_. __ •••___ 55.1 

Correlu~ion coCI!lqicnL '________J~I~I---=:4n!--=::i751 -. :l:m r~~ 
RegresslOllcoelhClCDt'_________ : -.005 -.001 -.004 -.00,[ I -.ooa i -.008 -.022 

1 *=Significant nt tlll15-porecut lovel; h=signi/lc1lnt ut tho i,percent level. 

, 'l'ho Il\'ornge chung in tost wcight per month oC storage. 
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'. 	 Moisture Content 

Successive bin average when,t moisture contents for the same set 
of bins as used in the test \Yeight analysis at Hutchinson and James­
town are given in tables 4 and 5. The datn, show slight chnnges in 
the average moist1.U'e content of wheat while in storage. But these 
m(licatecl 1ll0ist1.U'e changes, like the changes in test weights, ,vere 
small alldnot import;ant connnercially. 

TABLE 4.-Changcs 	in the moisture contcnt oj 191,0 (L'Iul 191,3 wheat stored bL sleel 
b1:ns oj 3 dijferent capacilies at Hutchinson 

"\\'crngc WhNI~ moisture content 

, i040 ",llcnL ]9·13 whent 
Length of storage (months) '---..,.----.,..----.~,-- ----:-----;----:--- ­

f Six t Four I l'ight ! '['wo I Two Two Four Six 
2,740- ! 1,000- ! 2,7·10-	 I 5,000· I .1,000- ., ,·10- 2,7,10· 1,000­

bushel i buslll'l : bushel i busllel bushel ti.'lshcl bushel bushel 
bins bins! bius 	 I bins hins bins bins binsI 

------______i___'_________' ___,_______ 

1 	 ' J 

Percent Percent Percent. Pereenl . Percent' Percellt : Percent IPercentI 

0__._.• ___.••••. ______.....__ : 10,Q 11.4 Il.a 12,1 0.2 10,5. 11.0 12,1 

3___........ ___ ..._____ ... _.. · 10.U 1111·.~1" llll.. ~ '11~_,.,~ 9\·1·.,~1 .1100'.~' 111,,0 I 1_0'.1°u.. _______ •______ ...... ....... 10. n _ I 11
3 

11


0__ ._.........__ ...____ .... __ 10.(; 11.2' 11.3 
U 

12.1 9,6 10.7. 11,3 i 12.2 

12........_. _______ ... _.. ____ · 10.0 H.·I ll.~ 12.1 .__ .,,_____ • ____ • ___•• __ _ 

15______ .................... ' 10.7 11.3 11.3 12.0 . 

10.._........ .. ... __ ....... 10.7 llA I Li> 12, 2 "jii~~'-- ·:::::::::-ji~i·-----ii~ii--
21................. ___ •••• __ lO.R Il.fi 11.,1 12.0 .......... :... _......_..._..._! _________

24. ___ .. ____________..... __ .' .I0.S 11.2 n.l 12.0 __ • ____..... ______________________._ 
27._ ..._.___................. ' 10.7 11.:1 1l.2 12.0 ,______ ._.' __ ..____.' .._____ .-1._______ _ 
:lO___.... __ ....___ ..... __ .• 11.0 11.0 Il.'i 11.0 I 10.0 i 10,S I 11.2 i 12.0 
33 ___ ....................._.. 10.8 11". 1l.4 9.3 ___ •__ ..______-. __ 1._______ _ 


Correlation coeflicicnt 1.. __ .. : .GOO' -:-:i7.1-(---:-um;-":". G67' ·--::.;a-~T--:a;ol· -.288 
Regrcssiou coeflicicnP_._ ... i .008 i .007; .002; -.QO(j i .OIG .012 .001 -.003 

...."___"__~__• ____~_----... ___~"~~.~~ ~ ._-r _____1 

I • =Significont nt Lho ii-pcl'cent It1\'cl. 
~ 'l'he nverngo rhllngc in lI10istmc content pt'r month of tlw sloruge. 

TABLJ:: 5.·-Chanvc.s in the moisturo conlenl. 0/ .1940 wheal stored in sleel bins at 2 
di.lfcrenl capacities at. .fmncstown 

i
LQllgth of stornge (monthsi SOVOll I';;:;)--l' NfJ:-TTwcntr 'I--:::-!--:;'hrco li--;;:;­

1,000- 2,7-10· 1,000· i 2,7-10- 1,!XlO· ,. 2,740- 1,000­
hushel hushl!1 b nshe! ; "uslld bushel i bushrl Imshel 
bins j bil1~ I billS ! bins , bins : bins i bins ...-,"---.--- "'J---- ... ----~ ___ ,""'~_T__'____ 

I' 	 ,
0....__ .. __ ... l;i;f;clIt I' Pfr~~'t i Pgc~{ll Pr~~~llt Pf~~~'L! Pf3~~'t Pc~~~~t 
:l....... , 11.13 11. 0 12.7 12.0 13.~ \ 12.\1 14.2 
(i. .... __ .... . l1.7 ,12.1 12.7 12.5 13.4 I 13,0 14.3 

0............... ... .lL7 Iii U.U 12.7 12.n 1:1.:1 1:1.1 14,3 

11:...................... 11.0 11.U 12.4 12.0 1:l.0 13.0 14.0 

15........ __.... ....... 11.7 11.11 12.8 12.5 '13.1 13.0 14.2 

18............ " 11.7 12.1 1.2.8 12.0 1:1.2 13.1 J.l.2 


~.\:::::: ..::::. --. ... nj g:5 I g:~ g:~ iU m:g! }:l:g
27.................... ." __ . 11,8 12,0 12.5 I 12.0 ,13.0 1:1.2 14.2 

3~.......................... , 1I.n ! ll.S 12.7: 12.5 I 13.2 I 12.9 1<1,2 


:::::.:.:.:.::.:.:::.::.::.::..:~..:.::~::I~:.::::....::.=:~·~.:..:.:.::.:.:::::::-]~:.:.:.:..:.::.::::::I~ 
Correlation C()l)tllrlent l ...... --1 .780"i .208 I ".0211! .257 -,]SO! .1:i3 I -.I:ll 
Hegr~sSlOn coclllcienL'... __ •• __ .007 I .OU3 I .000 . ,()02 -.(lO2 ! ,elO2 , -.001 

-...........- ~,-----~-.•... ~,~..~~~-~ 	 .~.-.... ~..",-.-

I "=Signlflcunt Ilt the I-percont level. 
~ 'rho nvcmgo chnuge inlUolsture cOIlten~ per monU! of stQrngt'. 
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,tUthough t hr uyrruge \\"hen tllloislUl"{' eOn tl'Ilt in n. hill ehnngod but 
Ettll' during stomg(', Ol('l'(' is n (~onsi(l('l'n.bk tno'"Pll1rnt of moistlll'o 
,,-ithin tIll' stOL"('c\ grn in mnss, This Oloist 1I1'(' migration results in n. COI1­
cputrntion of nlOistnJ'c' in t.hp up[H'r In,w'rs of lllP wltl'nt nnd occllrs in 
ully('ntilnted hins uftpl' it [)Priot! of stoJ'ng(" ('n'n though tb(',\" \\'ere 
IilJpcl Mig-inu]]" "'itlt ,,'heut. of uniform l11oistul'(', 

The e(lIl('('n'tl'a(ion of tlIoistul'P in tltt' Up[ll'[, hl)'('I'S of grnin is thr 
l'Psu]t of difrl'I'PIl('PS in, all(1 tIll' constant chitllging of. Whplll l!'l1IpC'l'­
uturl'S within tl\(· hill, DllI'ing- til(' fall un(1 ",infpl' til(' wh('nt in lhl' 
(~('nt(,l' of the' hill is lll!' wUl'tll('~l nnd tIl(' wl.H'tlt n('ur till' walls unci in 
thp UpPl'1.' port iOIl of thp hill is litt' ('oIcl('sl. Tit!' WtlrllH'I', moist 1I1'P­
lndell nil' from IItI' I'Pllt!'1' rise'S ill tlH' form of ('Oll\'pc(ioll ('III'I'PIl(S to 
the' hin sUrftlcl', \\-11('11 tltis warm llloistul'('-lu<il'1l nir ('OIll('S ill ('olltt1('l 
\\'jlb Iill' coldl'I' \\'l\Nll llPH.I' IItp hin sllrfuc(', lIloist lIJ'(' is d!'[)()sitl'cl ill 
this ('oltlpt' gl'u in, tll(,I'('I)\' illcrpusillg its JJloislu 1'(' ('Oil 1('11 t. Th(, muis­
tuJ'(' ll('('Ulllilintioll is grp~ll('I' ill 1; dish-shU[ll'<I [aYPI' <Iil'('(,tl,\' hf'low tll(' 
hin slIrfu('p HIlII slightly south of til(' hill {'('Ilt<·I', H.nt'l'1y clo('s thp in­
(TP11Sl'd moi,;! IIt'(' :tn'u ('x!!'I](1 !tl lit(' l,in WllUS, ~rnximulII (hicktH'sS 
tll !IIl' ('('Il!('[' of !ill' In\'l'r m!l\' rang!' fl'OUl I to:l f('!'l, 

Tht' proc'pss or J}J(;istul'l' '('()Il('(:lltrntioll uSlIull.\" s(lll'l::; dUl'illg till' 
!atl!'!' PUI'! of :-;pptplllhl'l' ()I' ill ('ul'l,\' O('(o\)Pt' as S()(lIl IlS tltl' ail' Iplll[)(,l'­
atllJ'!' l't'ciIlC'P'; the' hin-surfll!,!, \I'IH'ut t!'IllI}('I'nlul'l' b('lo\\' titu( of lllp 
\I'he'll! ill tIll' hill C'('IlIPI', It C'Ollt ill lipS unliI tltp nil' If.'m[}('I'atul'(' again 
ruis('s !ll{' hill-sllrt'tlC'(' wile'ut tl'lllppnllll1'PS nho\'l' !hnt in til(' (,('lltpl' of 
tltl' hill, IIStll1l1y ill ~\raITil ot' .\pl'il. Fl'olll :'fnlTIt to :-;pptPIIlI}('r ttl(' 
\\'I)('ut t('lllp('rntlll'ps ill lil(' (,(,Il(PI' of til!' hill 111'!' c'oolt'I" whielt 1'('\'('I'Sl'S 
lltp ('oll\'('c'lion C'llITPllts, .\ pur! of thp moistlll'!' ill Ill(' lIpp('r 111,\'('I'S 
ofgl'uill is again J'!'distrihllt!'cl litrou},:h tltt' gl':lin hulk, SOIl\(' of titP llIoi,,­
tw'p ill !11t' lop laYPI' i,; gi\'('l1 !o th!' nil', alld <1 slllall :1I1l0Ullt of dr,,'iug 
tnk"" pltle'(' in tltis whl'nt, 110\\'('\'1'1', Ill(' drying from loss of 1l10iStUI'P 
(.() [ltC' ai.!' HIl(11'pciis[riblllioll dO\\'Il\\'lll'd ill IIt(' gl'uill i" t1sutlll\,]pss llwn 
tlIP In't (illg, ulld aft!'!" (I fp\\ Y{'HI''' of storHgc' t(ip-IlIY('/, wltPIi t' Illtty hnn' 
IJlCJisttlJ'(' C'Ollt!'llts Ihut Ul'(' I to:1 PI'I'I'(,llt, 01'('\'('11 IllOr!', aboyp lltl' hill 
1l\"PI'Ugl' lIloisture' l'011(('Ilt. II' (It!' !Jill H\'PI'ng<' moistlll'!' c'ontPll1 is 
lll'tU' llt(' limit for suf!' s(orllgp. lltl' ('onl'('nll'oli()11 oJ Illoistul'!' in (op­
In,n'!' ",ltput ('HIl. and ()f(,Jl dops, 1'(,Sltlt ill spoilng!', Tlti" \\'('It('[' gl'n.ill 
is ulso i<lpnl for iIlS('('1 cll'n'Ioplll!'lIl. 

\3P('tlus(' of til!' ""litll!'!' \\'I)['uf hulk :1Ilc1 til!' JlWI'P 1'11pid ('oolill,g of til(' 
,rIlI'at ill till' bin I'l'llt<'I', llloisllIr(' ('OIH'I'Il[I'ntioll ill the' IIp[l!'r lily!'/,S ill 
l,()(](J-hlls11C'1 hillS is HSllu!I.\ I(,ss thun in til" IUI'gol'/' :2,7.:!-O-i>tlsh('I hins 
11"111'11 hoth tlI'C' lilll'd with t'lt" ,,:JJIH' moistu/'e ('()Jl'tpnl \\'ltput lfig. fl., 

"\ spd('s of sJl('('iul ~lllllp[('S tnk(,11 from II llumi>PI' of billS ilt·,Jnlll('S­
town ciPIIIOIlSfl'u[('c1 this lJlois(t1I'p ('(ll)('('nll'utioll nile! ils ('/1',,('1 Oil lil" 
quality of tit!' wlJ('UI n,", it j'('ItlUlIlS ill S(Ol'llg!', Tlt!'s(' Slllllpl(,,, \\'('I'P 
tukpll I fOOl ullcl·~ f(,p( hplo\\, 1!JC' slIrfn('C' in ,lIllI!' In4.:!-, ,JUll(' 1(J':{R, and 
\)('c'PJlllll'r 1 !1'Li, .\11 thi" wlH'lIl 1111'; pluel'd ill .;((mlgf' cluring ,luV 10.:!-1 
in l,nDO-hush!'] and :2.7-\o-i>lIsit!'1 hillS. ] I \I'll.;; In,lI lIlix('d Illld hlld nn 
[l\"(II'UgI' lIloistlll'P ('orJtC'Il! of I~,;j [)('J'('PIlI WitI'll pltu,pd ill slorng(', Thl' 
!J,\'('J'agp l ('sl \\'(·igh I \rus UFPl'Oxillltl {ply ;j7,;'j poullds 111 Ill!' I,O()()-husl\l'1 
hillS nncl ;'(\,:2 jHlllIlCls ill tlte :2.'i"40-hnslwl hins, To! nl c1u1llng!' n\'l'mgC'c1 
npPI'oxilllllt('ly fJ,.\ [lpn'PIlt. Tit!' tI \'(,l'ugP ll10ist lIt'l'C'OlltNlt. (pst \\,l'ighl, 

• 


• 


• 

tOlnl clIUllllg<', nile! pro(pill p()lltpnl fot' till'S!' s[w('ial sampl!,s ill'!' ('0111­
pm'('d in ! nhIc' Ii for thC'_difrp!'('n { saUL pi ing datI'S, 

http:onsi(l('l'n.bk
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MOISTURE DISTRIBUTION ON MAY 25,l1942, MOISTU~E DISTRIBUTION ON JAN.I~ 1944, 

AFTER 10 MONTHS OF STORAGe AFTER 30 MONTHS OF STORA"E 


FHH'RI~ G.·-~Ioislnl'(~ diRtriiJlltioll in ",I\I'al plal'o(\ill ~(()I':lI-lO ,Jill)' In·lI ill Rl'cl'1 hills ilL :Jnlll('sloll'll: 

CPP('I' hin:;, 2,7·IO-huslll'1 ('np:H'ity; 1011'('1' hin;;, I,OOO-hl.lshC'1 ('II (l:ll'H.\'. 
 CJl 
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Seyeral of the wheat samples in table 6, taken 1 foot below the 
sm-face during .Tulle aDd December 1945, graded Sample because of a 
musty odor. Thpse ineludecl O]1e 1,OOO-hushel bin in Ju.ne 1945, three 
2,740-bushd bins ill June] 945, and four 2,740-bushel bins in Decembel" 
194,5. Only onp 2,740-bushd bin g't'ad('d Sample ut the 4-foot Jeve], 
and this was in D('('elll bpr ] 945. The t.ol al damage of t.he Sample 

. grade \\"hpal ranged from 0:2 to 18.0 perCPll L The highest lllo.isturn 
content 1'ecol'{1(1(1 for any "'hC'al sample:' was 16.0 pC'rc(,llt ill a 2,740­
bushC'l bin 1 foot hPlow til(' sudace in D('c{'mbC't' 1945. The original 
tL'-eruge IlloistlU'e con ten I: in this hin was 12.2 ]Wl'('Pll I, find 4 JeeL below 
the surfnce the moisture c,onlpllt was still 12Ji pereent in Deeember 
1945. 

TAlJLE 6.··- C01ll]Jarison of tilr (ll'l'rayc pcrC('ntU{!f of moisiure co lIiellt, icst 1vcight, 
total damage, (llld pro/rill COllirll1 of U'iL('u/ 1 fooi anti _I feei 01'1011' the surface in 
1,000- olld ,d,7.IO-ll/Ishel $Irrl bills olier 0, 3, .1. (Inri -1.12 YC(I;1'S oj siomgc at 
James/olJen 

1.(JQ(J..IlI't'IJEL HlXS' 

I fOOl h~low sllrftl('~ oJ fCN below slIrfoec 
[,l'llglh .. 

of ~I()i,- ;\[ois· Pro·Tolal~~~:~. 	 tun' t T('H tlll'l' teill 
('on~ i w('i~ht 

a~l~ 
('OIl­ ('on·

dUIl\' 

II'0t tl'l1 t~ Wilt 
'-"- ~.~ -~-"," --. -. - ..~--- ~~ ..-- ~ .... _­, 

} "'llUf8 l'rrrCllf I'o'lllll,<; ['CTCCIII I'erew! Pereell! POUI/d., Pen'cut Parent.Iuly 11141 (ori~lnal, (I 12. U : .57. [) {J.1i lfi.U 12.H , .j;.5 0.10 15.9.IUlW lUH•.. a 1:1 .[ ,";7. a .. H,.!? , 13.1 57.5 .6 16.2i.lulI~ lU45... '. ,I l:i.:t .jli.1 I.1l Hi. 3 I .12.4 57.2 .H .In.!!Dt'('prnher 10K; JI" I.a 7 .in 2 L".! W.O 12.2 I 
i f17. Ii .n HLU 

2.7.JO·1l1·":I1 J-: I, Ill~t't 

1,Tulr 1\141 Inrj~jn,,1 II 12.·[ ~ili. 2 !I. II t lfi.2 ! 12.·1 lin. 2 i 0.11 16.2.Tulu'I\I·H••. a .;in I) 	 ,1:1 oJ .!I 15.11 I 12. Ii : fiO.11 1,1 , 16.0,fllll(> 19·1ii ••• ·1 1:1.11 fit.:- I r. ; In. 7' i 12. i : ii5.n l.0 16. I;))1'1'1'mh"r JU.f" H.t; 1i;t5 Ii Ii ]2.,14'" 	 W.if 50,0 I ,6 1U.O 

'.Inll(' 1!J.l1, "WHI!!!'.' illl'lll<l!· s;, 1,tXX)·hu"lwl and ('Ighl 2,1·1Q·1)llsllPl bins.•IIlIlC HH5 lind D~cetrlber 104,; 
n\"t'rug-('!' (~lC"h inrlUth· rh'\"vu 1.1I00~lm ... l1l'1 :lnd [ourh'('n 2.j·H)·}Hlfilwl hins. ','bll O\'Pfug:e originnl ~rodc ractors 
in !lIP whl!' Urt, frum till' Jarl1:('r UlIlHhl'l' of hi'" TIl!' :1\'('1':11(' Ol'i!!iOlll ,,!:ad(' fnrlors for lhe ~mltlll('J' IlUllliJerof
hin!" Wl~n1- :tllOU t tIl(' !'iaTJI(·. 

~ Hl'I'or!i('(1 ,tllla for (hi, '''rnl'lill~ >I'1'1I1l'r! [0 Ill' ill ordl'I"~O ",plan:llioll is givell for this higher-thall' 
{\XI l(l("t(l(l ;lVI't'Ol!!t' Uloi!"IUfl' ('uult'flL ~illlilarl'lr('(lt~()r Lhi~stunp1ing \\ ('['(:{)h~l\n'cd ill J,t:('rmiutllioll perrcJltag(>. 

Dockage and Foreign Material 

'1'lt(' llmount of (l(wkngC' OJ' forpign mnt<'rilll in wlwu,t does Jlol chlwg'<' 
d.lIJ'.tug' st.orng!.' if it iskl'pt 1'1'1'(' or insC't't illf('stntiOIl. Stornge doC's 
not nf]'('ct t!H'S(1 l'ndors but till'." (~n.n Ilf]'('!'t tit(' wht'itt in storage, 
C'speelnll," ill 111(' MOI'llg(' of dnll1p grnin .I'p<[uiring wnti!ution. Ex­
eeSSfYP d.o('kngp or fOJ'(,ignmn tl'riul iIU'I·('tl.s('s th(' rcsistnllC'(' to nirflow 
through tll(' wlwnl, (!lpJ'(,b," J.'l'(luiringmol'p J)()\\T(,I' for dryiJlg nnd 
eoolil1g high-lllojstuJ'(' ~l'Hin ('ontaining sllch llIaitN', It, is also known 
that high do('k:ngl' llild JOI'('igl) Jllatf'rinlltil1dt'l' erf('etiVl' fumigation 
hy pJ'l'wnting til(' fUlll i~n nt, gasps from passing dO\\'ll (II J'ough the 
wh.pn.L t. ill» a 

Total Damage 

JIl('J'('ns('s in totn! dunlugl' 111'(' .not nntU1'!lJ chnllges that oecw' t,o th(' 

• 

• 


• 

w.hell.t kel'lwl \\.j tit ngl' bll (~ HI'(' ('lwnW's thnt. 11.1'('\ bl'oughlj about by 
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prestoragc conditions or by careless storage practices, Consequently, 
increases in total damage while in storage can be held to a, minimum 
if good structures are proyiclC'cl and good mnnagpmeut. practices are 
followed., 

Of the several t:,>~pes of clnmage iJl('luded under tout! damage, ptLrt 
of those present before storage include frost flnd \\'eather~tlamagecl 
and other materially danuLgpcl .kC'l'nC'is, Other t,\'pes of damnge, such 
as heat damage, sprouted or molded k('I'uels, sick wlwat, aud insect 
damage, can be the l'C'sults of storage, 

Im'l'cases in hpat dnlHnge nit' usnally thp result of storing damp 
wheat. This cun be a.voidpd by proper d.r,\'lng and. handling before 
storage, Sueh damage is s(,ldom n probkm \dw[) storing elry wheat. 

Sprouting and mold dnlllllge to dry stoJ'l'd whent nre oHen tlw 
result of water fll1d snow jl'nkagl' into the' hill. This t,q)(' of damage 
cau be avoided by stOJ'jng whelli in tight bins Hncl by making JrcquE'nt 
insp(,("tions :for possibll' !l'nks, SPl'OU Ling n!lel. mold dmllagl' oH('n 
occur 1'1'0111 tIll' moisture l1Iigrn tion, deseri lweI on pllge 14, 

• 

Insect damage mny OC(,LI1' whilt' stol'jng eitll('1' <lamp 01' dry \\'llC'itt 
in climates tlHLt. nrc :f'llYOJ'llbk to iJ]s(I(,t lift', In UH' stonlg(' of d.l'Y 
\\'hcat at Hutehinson, almost all iIH'J'('lIH!' ill Lotnl damngt' was caused 
b,\'in:wd llctivit.y, Fr('(llIl'nt fUJniglltioJl, .!JO\\"('\'('r, lU'ld. tltis dn,Illilgt' 
to it 1l1I1lUUUIll, Out of 14:3 hins of <In" \\'lH'at that \\'('1'(' stol'Nl ul1clis­
tUJ'I)('clfrOlll 2 to;) YNU'S, only Ij bins hilt! a totnl cln.nulg(' iueren.sehu'gc 
l'llOugh to 10\\"('1' tilt' gl'ud.l' of wlwat., lllld UH'II by OJll,v 1 oJ' 2 grades, 
Of these Gbillil, 4 \\'('1'(' 1 OOO~llllsll('L bins find 2 \\'('I'e 2,740-bushcl bins, 
Th(' \\'llNlt in 3 01' tht' 1,\)OO-Inls!r('l hi.n,; (OM pnint('(] \\'hi t(,) hnd been 
in stO.l'ugf' 1'0.1' 5 y('nJ's, and in 2 of tlH'S(' (both ll11paintedl the wheat 
wns not fumign.t,ed during till' last ;~ 1,~ :n'llJ'S of s1:orng(', The pnw tcd 
bin was fumign tNl \\'11('11 1H,t'dl'd. TIJ(' fOU.l't11 ] ,OOO~bushel bin oJ 
\\'hen t \\'as .in storage :3 ,n'm's; it WlIS fumign.t.!.'d wl\.('Jl lll'I'ckcl. '\:"hen.t 
\\'as in stoJ'ltge j'or4 :,>'ClL!'S in tire l\\'o 2,740-busJl('L hins, Onl' of these 
hins WflS painted \\'hiLe find tlll' ",hl'ilt \\":18 not fUlnignted; the other 
\\"as fumigat(·d 'whell 1l('C'd('(1. 

"'itit ('Jf('cU\'(' fUll1.ignt,ion nnd nlllllng('Jl]('nt prnctic('s, llw irHTN1S(' 
in totnl d:Ullllg<' hom i1hH'('t tlcti\'itr ('nn 1)(' hl'ld to it minimum [Illel 

tllt' cOInlnl'l'cinl gl'ud.e of tilt' wheat 1)('('<1 not (.!uluge, .\8 s!town in 
tnbl(' 7, un 111 ('J'('H81' in t.otal d:1Illng(' 0('('\11'1'('(\ in nlll>ins \\'hdhel' st.oJwl 
fol' 2 or 5 Y('ill'S, TlH's(' iIlCI'l'ilS~'S \\'('1'(' .not gl'PitL nJld did not nffC'ct, 
till' cOlmu('I'Cinl gradl' exe('pt in tJll' G hins JllcntiolWci [1\)0\,(" 

TAIl!,J·; 7.~(,llUllfies in !l1'el'(l,flt PI'rt'( nla.(/l' oj' iol(ll cia.IIH1.(lt' il/ n.~ IJ/'us oj'dry 'll'!teal 
slorcd fro III ,1 10 Ii Ylal's al 1l11lchinso/l 

Total "aUln~(' 
Ulns 

Initial Final fncrNls(' 

.YumTur Pt'rrtul Parnll I Percent 

• 
.j 17 I" I,ll ! U,
L~:.::: .. :~:::," "X .n 1,1 
'L~ .. __ ........., ... I. L4 ' !!. a 

S. __ ......... .. 21 .01 ; J.li ! 1. 

I 
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It l"cquires intE'llSE' mS(lct iJ:liestu.t;ioll to jnt"reasE' t,otal damage 
l'Dough to lo,w'r tIw eonllll'rciul grnde of thE' ",hclli bYOllC or mor(' 
grnclcs. rnder such clrCulllstaneps HlP most detrimental effect is the 
objectionable odor impnrted to Ult' ,dll'ut by the inserts. 

In 143 bills of wlt('n t, ] 0 wen' ('n'lltunlly graded Sample beC11l1Se of 
objectionablp odor attl"ibutal.Jle to insect.s. In G of th('se hillS the 
illsects did 110t inc["('nsp till' totnl damng(' enough to lo,\"('r the grade, 
but tlw \\~heat. ,,"us grncLlld Snmplein 4 of tit('lll IWGlIuse of a sour odor 
and in 2 of Lll('lll lH'clIus(' of :1 conmwl"cinlly obj ('ctiOlla bl(' foreign 
odol", the lntter being dUll to J"(lsidual fumigant gUS(IS. In flIp 41"('muill­
iug bins the ,,-h('[lt gruckcl Sumpl(' i>(,('flllse of a SOur odor, but insec'is 
had nctualJy i11('1"(,(ISl'(l tll(' total dnmagp suIilci('l1tl.,· to low(,l" tJw 
gnl'lC' ill:3 of them from ::\0. 1 to )\0. :1 and .in 1 ('nough to l'hnngC' thc 
grade hom )\0.1 to Xo. 2. 

Anul.,'s('s of sp('cial snmph's to sllo\\' diffp.l"l'I}(·PS in Lotnl damagC' 
within bins an' sl1o,,')1 ill tnbh' G. 

Protein Content 

X('itlwt" (Il(' siz(I of the bin nOl' til(' Jl)oislurC' ('OlltC'nt 0[' tlH' wh('ut 
SN'l11S( 0 nIrt'l't ill(' pro(l'in ('Oil tl'll t wh ih' in stortlgl' (rpgn'ssioll ('0­
dfi('.L('nts, tnbks l) and 0). Al'('ordillg (0 till' lJI.ugnitudp of til(' ('oIT('Ja­
lion ('oefli('i(,ll(s, only .I group or billS show('d (huL Uw proll'in ('onLent. 
changed ",hill' .in storngl' . Tlli;; gl'OllP Wl\;; th(1 (light 2,140-buslwl bins 
at Hulc'hin;;oll ((ubl(' l)) iilll'd \\'ith H)40 \\'Jwnt ntll-peJ"('tlnt moisture 
(·onte'lll. TIH' prole'in (,Olltpnt in thi;; group ('hllllgl'<1 from] 1.1 pp''C'('nt 
to 11.4 ])(II'('(ltll durin.g lh(' :~;3 mOllths of ;;torngt'. Al'illllUy, this ,vas a 

TABI.k: 8. -J~lhcl of icn!llh (~r glOl"(I11C Oil lhe prolein con/rnl oj Ui.',O anel19.iS wheal 
stored (1/ dijT('N·ltt '/I1oiSIIl1"1 cOlltl'l/IN ill .~I{'(l liills o! ;-J llijTI-rful cujl(!cilies at 
IJII {chin SOil 

.\ \'('rnJ.!t~ 111'0t('ill (·outt\J1t 

lUlU \\lwtli; Ulobtttn· (>onhll1l. of 19·13 \\'h~at; lIloi~t u I'l' cOIl\{'nt of ~~ 
---~,--.--. ­

LI'JlJ!th ,If ~tfJmJ.w 10 I""'. 121)('1" n 11\'1''' IOlwr- 11 jJl'r, 12 P('I'-II Jll'l'(lt-lll(month" ('(lilt r{'nt ('(lIll c,'nl r('nl CPHL 

:'h FOllr Eight '1'11'11 Two Two Four :-;1., 
2,7'10. I.UOO· 2.7·1II~ 5,0110· 1,000· 2.7-10- 2;;'10· I,noo· 
hllslwl hu,hl'r huslll'l LJuslwl hllslw] buslll'l buslll'1 bushel 

hillS htu'" hIllS hillS hillS hins hIllS bins 

Pernut PaCfll' Parfitt I'm'l'lIl Prrrt'1J1 Pl'rrOlf Pl'rt~fnf PfrrC1l1
0 •. Iii.:; 11, :J 11.1 11.1. la II J:l.5 la.·' 12.13. ~ ~ _ w.n 11.:1 11.1 1l.:J 1311 1:1.7 la. a l~.[j
tJ .. ~ ~ ~ ltI.i lLfi II.:J 11.11 1,1.2 la.7 la.;' 12. \1 
9•• HI. i 11.5 1t.a 12.0 14.4 I:U, la.7 W.O
12•. 10. Ii 1.\.01 ILl ILII 
lfL JIl.k 11.4 11. a II. 7 J2~ n
IS. 10.>-i lL2 II.:J 12.4 I",n l;t [, 12.fi
21 _ • ~ III. Ii 11.3 ILa ll. s 
2L. Ill. Ii 11.·1 11.3 
-I'r ~ ... 1I1.1i II,;! IL3 Irr. ao.. Ill. II Il.Ii Ii. 'I l1.k la.1I la,5 la.',1
:13. .HI.I; IL, 1\..[ J4.2 

('orn'lallrm ('of'IIiI'jf'1l1 I • .:1I1i ~ ·1111 .7H7"'· , 171 .()(ij ·.na:; .05a .·1\12 
l{pgl'{lssion cO[IUieil'Ht z.. _ .!I(I·I .OWi .Illh .011;, • UOII\I -.nOU:l .nooa .11IS 

• 

• 


• 

I "=:Hlwlf1('U1I1 lit 1Iif' J.()(·n,'ut h'wL 

:1 Tlw UY(If'Ug{1 ('ilIlUl!t' It1 prnlt·ln (!onft'nf. 1I1~r month or !4tonlJ.n·. 


12.11 
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TABLE 9.-The effect 0/ length oj storage on Ihe proldn conieni in 1940 1!'/teat slored at 
d{jferent 1I!0£slurc contcnls 1'n sleel b1'ns of 2 d([Jerent capcl.cities at J ameslown 

A \'~rnge protein COllt~llt of w1wut with llIoistul'!' cOlltl'nt Q[­

J.t ])l'1' ­11 j1('rcellt 12 Pl'r'(i~Ht 13 pc'rrt'l,It
L<mp;th of stornp;~ ('fOllt 

(monthSl 

St"·C'Jl TlIl1'l' Xlno "'r,n\nty ~t·nlrt 1'111'00 'l'hree. 
1.000· 2.7·10- 1.000- 2.,4()- I.OOO- 2,7·10- 1,000­
hushel bushel hushel hus11('1 hushel bush,'l buslwl 

billS billS bins bIns hills hins bins 
.~-~- ~--~----,---..,~-~ ~--~-. -.-~-.-~- --'--

Pacml Percent Perce1l1 Pacelli Pact'lll Perc/'1I1 Perce lit
0.. 15~ 7 lr.,O lii.k 1,1. \I 15. ,. 15. T 13.7
L. )(\.0 ]6.2 ]5.!! 16.3 1(i.O 15.7 13.7
fi_ 15. '( Hi.! Jr..l 16.2 ]6.1 15.7 13. (j
11-- 16.4 10.5 Hi. 3 In.,:; 16.6 15.0 14.4
12 15_ 9 15.9 IGA 1t1.1 JO,:l 16.2 13.,
15 Hi. a 15. II 10 .. 2 10.0 16.0 15.6 13.7 
18. 15.S 10.0 15.11 Iii. 2 Iti.O It.. 0 13.11 

21 15,9 lr..U Itl.() !ttl lfi.\l lii.X 13.0

24 ]6.0 )(i.l In,:? 16.11 Hi. () 15. i' 13.G
21_ 15.S ](i.O I,;, II 10.S 15. II J,;.S I~. \1 

~o 
 15.0 Iii. 5 HI. 2 15.9 15.9 Hl.I 14.0
33 . 16.2 10. .1 Hi-fi l~. 7----... ~-.- . ­
Corrt'latlon ('Q('fliej~1ll .11l5 .114 . ;19" -.492 .112 . ass -.nib 
Rl'~n'ssioll ('Ol'fJid~lIt '. • ()O4 .002 . flO, -.l.IIO .00:; .OOs -.002 

~ Thr nn~rt1gt~ ehUn~!l' iu pJ'OlPin rontl'llt Ilt'r 1l10lUh of sLOrngp. 

sll1ullrr C'JumgC' thun o('cUl'rpd in till' gl'oup or hins fI( Hutehillson .fillrd 
with 12-pP1'('put moistlu'('-(,OIlU'llt ] 94:) ",hrat. How('n'1', the ilWI'C'US(, 

ill prokin ('·output \\'i[h h'llgtb of storng(l WflS ('ollsis(ellt, ,,"hile the 
indiellt('d jJL'ot(lin ('on t(,l1 t or til(' 12-p('J'('pnt moisllll'('-C'ontC'nt 194;~ 
when t lll<'J'('tlsed and dp('J'('Hs('(1 wi th SllC('pssiy(' sn m pIps --pro bn 1>1.'­
lWCflllSP of snmplinf!,' ('J'J'oJ's""nnd ('Ons('qllC'lltl.,' (hl' cOI'j'('lation wns not 
signiiicunt. 

FUl'th('.l' (,yi<1(,11('(' ngaillsL nIl.\" ('hnllgl' ill tl1(' P('!'('('Jlt prOL('iu ('ontl'ot 
of WhNl[; ns til{' 1'Psult of siz(' of bill Hnd Jl10is(,llrp ('onll'nt \\'hih' in 
stOJ'tlg('is ShO\nl frOJll (h(' sl)(,(,lnl WJWHt snrnp]('R tllkpll ] foot nne! 4 f('('t 
bp}O\\T tl1(> Rurfn('p of thp ] ,000- und 2,740-i>uslwi bins at .TulJ1Psto\\-n 
(tublp 6), The' diff(']'('llC'('S bdwPl'1l til(' pl'Oll'in n"'-C'l'Hgps ut. tho 2 depths 
nrC' nonsignifictlnt, but tllp difi'PI'PJ1CPS IW(WN'1l the moisture' ay('mgt's 
foJ' JlllW und J)('('('llJbp[, 19'~:) HI'(' sigJlificant. 

Protl'iJ1 stu<iil's on (h(' wilPut stol'ed ilt HuU'hinson unci .Jalll('RtoWJl 
(!coull onl.\' with til(' ('lwnW's ill til(' (juHntit\· of t1w PJ'OtC'ill, So illll'llJPt. 
wns 1l1nclp to J)WHsun' nny ('h('mien] ('h'lIng('s in the' ([unlit,\" oJ the 
p1'otpiu 01' tll(' wJH'u{ ",hilt' ill storngt'. 

Fat Acidity 

Fn( Hcidi(." is (lXpt'l'sspd liS (1](' nllJllb('r of millig'I'nm" of potassium 
hydroxidc' LKOH) l'('qUiJ'oel to I)('u(rnlizp til!' 1'1'('(' futty H(·ids ('x(I'udpc! 
from ] 00 gnlllls of wlH'H ( ('nll'lIla tpl! on n d I',\' bnsj". ll.is lIS111111.," 
(lXPI'('sspd nsfnt tH'irlit\'units. 

It has 1>('('1] shown hy n JH·('y.iOllS 1'('port (hu( tile' Jut t1('idit,'" uni(s 
incJ'('[(s(' with the I!'ngth of s(.orllg<, und thnl tlw siz(\ of lll(' inel'('use is 
1'1'111(('(1 to thp JlloislLll'(' ('on (,11 (. of the\\'!IpnLK 

Ii .I(I!)J.J.Y. C. F., H'I'AHI., n. :\1., RAI,MU:-:, H. C., ami Br.Af'K, H . .I1. WIlI~A'l' 
li'l'O.RAGI> 1;-;' "XI'EIU~II~:-:'l'AI_ FAR\I-'l'Y1'I; 111:-:";, L:-i. Jkpt. Agl'. ('il'. OH7, 2·.15 pp.,
iIlus. J04.2, 
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According to the significant correlation C'oefficicnts in tn.bles 10 and 
11, :fat aridity of wheat inC'reased while in storage in all the groups of 
bins exeept those nt. En lehillson filled with 9- and 10-per('C'nt moisture­
con tent] 943 wheat. H mOl'e in t('rmedin.tC' SrullpJC'S had 1)('en taken ill 
the 10-pen'ent moistul'('-C'onj('llt group, it pl'obably would n.lso hlwe 
S]lO\\,n a signifieunt eOI'J'(']ntion hct\n'cll the length of st.orage and fat 
aridih- UlC'1'('us(', 

The- l'Lg:n'ssioll ('odfieil'nts show, whcn lh(' siz(' of th(' hiu is dis­
l'egru'ded, thal th(' rnlE' of fnt ucidity il1cJ'('asp is gl'pat('I' 1'01.' tll(' higlu'1' 

moist.lU'p-('onlent 'wJ1t'at (luhk 10), 
The Jot ncidih' dntn tnk('n nt· Hult'hillSOll WP1'C not sufiic.icllt to 

nnn]yzp til(' e(f('c,t of hill sizp on tlwinCI'('llSP in 1'nt ll.ridit,-, since thp 
di1fe'['ent, moistuJ'(' c'on[pnt::; ,,'PI'P not diyicled npproprint('l~; nmong [hp 
YHrious SiZPR of bin::.; on t 11(' si t (" 

Simi]nr gTPtllel' .iner(':ls('s in J:lt llcidity with tIl(' s[orag(' of hight'I' 
moislure-cont('nt wlw:Lt \1'(,1'(' IlOl('cl in tl1(' ,Tnlllcstown bins (tah]e ] 1). 
TIll' only contradiction to gl'pat(,I' Jat Heidi!,'- i11c'l'('as('s in hight'1' 
1ll0istuI'P-colltl'nt \\-jH'ut \\-ns thnl of lh(' l:3-p('J'('Ptll moist lll'P \\"hpnt in 
tl1(' ] ,OOO-bush('l hins. Ac'('ol'ding to tIl(' ;fnnl('s[c)\\'11 stucii('s, hin siz(' 
did not uf}'c'd tIl(' J'llt(' of in(','puse' ill Jnt ur'idit\". 

TIl(' rate' 01' 1'n.t nr'i(lity 1I)C,],C':lS(' nt :1 giYl'ri moisturp c'onte'nt wns 
10\\"p1' nl ,T:lll1C'stOW11t1iull Ilt Hutl'hinRoll. This was Pl'PSlUlUlbly 
('nus('(} h>' 11)(' JOWPI' IlJlJllwl tl'1l1pc'rntnr('s in tlw Xorth Dakota iU'('a. 

Ekn'11-1WI'('('llt moistul'(' WhPlli lIt ,Tn mp:-lt 0\\,11 Iwd nlJolit tIl(' sn111P rale 
of fat uC'iclit \' illCren14P \\'hile in Rlol'ngp HS that of ] O-pPj'('pnt moisturp 
"'ht"n t n.t IIlltc'hinson. 

TAJlJ,E In. ·TI" Ijr,'cl of /rn(lill 11/ H[orO(l1 fill till fa.1 IIl'itlil!/ of uno and If}48 11'1Ical 
,~toud at rli.lfr·1'!'1I1 pI rrl IIi IIWI"'/I//'I {'OIl/I III .., ill xll'd him' of d riijrl'l'llli capacitifs al 
lluLrhin .•oll 

L(>ngth Hf ... tut tl!i' 
lfIl"'tI"'nt 111",n'l'nt l:!Pf'H'('Ut !I p'-rc'l'ut I(l]ll ,,"PH! 11 J)[·rc~'ll( 12 !l"I'('('I\[tmoutl... · 

:-:'n: Fh.. g,~ht Two 'Two Two Ff)ur .-.:jx 
:!,;.\f,. !.I It It ,. !!.71U- ;',11011· 1.1100· ~";"llO- 2,7-10- 1.000· 
l,",l,,·t hu.... llt'l !llI,hd hu,l ... l I>u,I]I'1 ,"ush,'1 1Iu,111'1 llUshrl 
h:n~ htU ... hu:..... hlUS hlus- hins h(l1~ bin, 

( '"il,1t l >fli'~ eMl,"! l"ui/" {"fII/.' {·IIi1.j {"nils ("nil., 
I"O. 1~I :!:! h :10 1>1 HI 1. 

:1. " r" ::n :!! l!t :W lfi ;!l I. 
Il PI :!a 21 ;J:1 :!:! !I I, j(, 
U.... ~ ]II :2'l ;!:{ 2:! 22 ):' :W II, 
12••. :Ii 27 :H 2·r 
I r.. ~_ :!l ~:... :!~ :t! 

Iii, •. !!..I ;11 :l\ ::Ui 17, i~ 2i 

21. •• ' :!f~ :1. :1I :$1 
24. .••• :: •. ;!~ ;i\". ;{1 .. 
2j' ~ .. _" 2fi al :II :14 
:lO •••• :?~ all :ll '10 20 :!() 211 ,2G 
3:1. •• ~; ;lJ :{I] 21 

Corrrlatl<>n em-Hi· 
f'-')fi(lnt 1.< <~on"" . ~Ij~{"'" .s2!" .H4fh -.H·I • )J ... .9U~· ,IIO?" 

CortIlclrn! ;;i (M,'r· 
~l 8;lm.tn~tl"ro ' U:l fIT .'~I 2 '15 

R(igr{~ssi()ll i,o'" ffi: Ii" 
rj('nt ~..••••••• ... _:lO ~ ~l .:l~ .';a --,02 2" ,3S ,3-1 

• 


• 


• 

____C"_·~_ 

I '=SllfUItlClIut at til!' ;"pI'n-pnl ]('\"1-1; ·'='·iwllh'uul ai, tIw J.j),'rcent le,\'(.I. 

~ 'l'ho perL1'ntn1!P of t()llli mrillt10u in SUN,.."t \'!' &111.) jMs aCCollut('U for by tbe ICIIstb of storage. 

~ A \'~ra~(' cbange in fat ucldity ver m(mlU uf 5toragl'. 
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TABLE ll.-The effect of length of storage on the fat acidity of 194-0 wheat stored at 
different, perce1!.t 'I1loistnre contents 1'n sieel bins of 2 different capacities at J a.mes­
town 

"\ \'emge rat acid itr ofwhcat ",ith moisture content uf­

11 porcent 	 12 pcrccnt ]3 percent 114 pCrt'<!llt 

-----------------c-----;---
Sewn Three l'\lnc . Tw~nty Sl'\'('U Three I 'l'hree 
I,QOO· 2,7:10· 	 1.000- , 2,740.' I 1,000· 2,740· I 1 ,000-

I bushcl hushel bushel , bu~h~1 I bushel bushd, bushel 
bins billS bins , bUls j bius bins; blus r i ,'---'---,---1---1--­
'Units ('nits i enit. i t."nils ; Units . Cnits \ eni/s

0•• __ •••• _. '_' __ "" __ ..•,. __ ... ' IS I. . 21 '14 . 21 20 13 
3.__ ._..__• __ ••.. __......... . 
 2l 20 23 20 23 ~2 18 
6........... . HI 20 ~o r)<) I')} 22 1­
9........ __ • ________ .. __ .. __ .. "_: 19 IS 21 '- . 23 21 18 

.24. $ ~ ~ 23 
23 ~ U 23 23It::::~:::~:::::::: :::::::=:::! 2ti 	 W H. 20 

21~~ ... _w~~ __ .. _____ .. ~_ .. ___ *_ ........ _ .. ; 25 
 30 2S ~S 27 
24. ____ ••• __ ..................' 32 W ~ ~ ~ 

27 ~ .... _... _.. _.. _____ .... ~ .. ____ ,". ,. _"j 25 28 ~2 2U 

28 25 27~::::::~=::-=::~:::~=:= .-~:~~ .. ~: ~g 	 35~'!l 
~.-.-----

Correlation cOl;.llicipnt I _ ... __ ... ~i '" 712": ,nss" . ;5a·~ .7;1a*·' 
Coemcient or d('tl'rminotion z ... : 51 4. 57 I 5:\ 
negressioll coeUicicnt Ii .. ~,,-.~~--f .27 • 2H I .:13 I ,34 
.. _......."....._._.~............... J ... . 

1 '=SiglliOC:lllt at the 5·per(:cnt )e\'e); "=slguillcuut (It the HlcrCl'nt Il·\·el. 
~ The percentage of tolal \'UI'lation In slIccl'ssi\'(' slllnpl('s Urcounwd for by tl\(' knrth of storage, 
'A \'cl"UgC chang('ln Jot acidity per month of sl.Ora~!', 

TIJC' higher moisturC' content of.ltht' WhNtl a.t the bin c(,111 ('I' ncar the 
grain sUl'fa('p find tbe cliiJ't'l'(,llt,C's jn W11('11 L tpmppra t url'sa t thl' grain 
suriacl'. tLl' bin ('cntl'l', ill(' south portion, thc southwest portioll, and 
the \\'cst portion h'd t.o the belief that thest' vnl'iations would cause 
diffeJ'ellcPs in the fat Heidit,' oJ wlJ('at at tlil'se vnrioliS Io('atiolls. '1'0 
ehl'ek this. a series of spot. sumples W(IJ'(~ l:1hn from iJw LOp half of the 
bin M (>a('h of these' locations from thjJ'(p(>ll 1,OOO-hushc'l bins and 
t\n'llty-fiw 2,740-huslwl bins nt Hu t('hinson during ,June ] 94:3 fl.nd 
again ill ,Januar.\" ] 944, 'YhC'tlt had be<'Jl ill sLoragp in tll('s(' bins for 
2 fl.ncL 2}f years. The' cLifl'(,feuC'C's among tht' fnt aeidit.," ttYt'l'flgE'S at 
tbe various loC'a,tions in thE' billS ,\"('re not sUttisticnlly significant. (iahle 
]2). How('ye'l', no sample was obtained cntin'I.,· from tbp top tenter 
nl'NL whel"e' moist u /"(' ('onil'n! lInd b('('Jl iJlcl'(>asl'd by moist 1Il"(' migration. 

TA'IlU; 12.-.i1verrtge fa/ (I.chlilies and gennin(l/ion oj' 1(,h('o[ a/ l'urio1l8 locatiONS 
1L'ilhtn 1,()(){)- and 2, 74lJ-lmshclldll.,s oJler :2 ([ /ld J!2l/l'nrS of .~/oragl' a/ j] u/chiuson 

}.-"~l'ag(J uf Ihlrll'~1l 1,lJG(]·hllslw1 1}l1l~ A\'('I'U~~ ur l\wnly·f\w 2,i40·\)ushl \ bins'nftl'\" 	 tlft,'r 

2.1,~ )"<'argt $torngp 2 years' stOl·t\~C 2)~ yc-urs slOnlA€? 
.~.----- -~-~.~- '---

t 

Fat IOmui· l'nt O(lt'lui- l'at IOt'flul· !tnt G~rllli· 

n~i"itr .. ~~~~ nddity J\ntiou 	 acidity Itution nl'i<litr tlutiO(l 
"- ......- "-,... ~ ~,~--------.

i 
PaCt'lIl Cllils PErrelli ('tlli., Percent ('/lil,\ Percent 

SurfaCl'l. . __ I ,17. J :l7.1; 37.:3 :l4,2 ti7. ·t :H,9 '18,7
Ccnt(l[' 2... " _~. 1)1.5 :j().'1 :17,ii :l3,2 5K.ll :J.1.li -Is. 2 

:i-I. 5 :m,() 3S. ;- :J:l,4 .57.k :34, G m.~Houth I •.--"" __ .. .. ".'1 	 a7.4 311,5 :l:J..l 57.S at,!'! iit.3Southwest ' .... [)(J.il 
West 3............. .. ,14,1 , :.lIi.4 :l!J.!i na 58.S :la.s 49.5 
_ ..... e... ____ .._ 	 .J~~~. .~ >~ 

1Wheat sample (rom top 1 to 2 Illcilc·s. 
'Whenl sample from (,cnWr of Ilin, 2 illCh0S t.o 7 I",'t bl']ow surfnce. 
'WheaL snmple 2 feoL (rom soullt, souUn\"cst. or west, wull, 2 indll's Lo 7 fc~t helow surfuee, 
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Special spot samples for fat nciclity taken from tho Jamestown bins 
gaye similar results for ,,"heu t stored about :3 yea1"s. At ,TUlllestowll 
the spot sumples \\"pre [uken from on]:" 2 ]ocUtl011S fit illC bin cent('I"­
1 foot and 4 f(,pt belo,," the surfuc('. 

'1'11e cliffeJ"el1c-ps hp[we('n the fat ueiilit.'" tlTC'rages uft<'l" 0 y('aJ"s' 
siorag<' Iycn' not stutistic-aUy signifiennt, hu t t11(' fn [ ucidit:- UY<'J"flgcs 
after 4 Had 4}~ :"l'UI"S of stort"tg<' ""('1"(' signifj{"tll1il.\- difJ('rpnt (table ]:j). 

TABLE 1~.--Co'll1pa1"i80n of aVlI"age fal acidilies and germination of 'wheai 1 fool 
«lid 4 leet /)('{ou' the sllIJacr in J .()r)()- and 2,740-bushd /)ins aftc·,. 8, .~. and 4!~ 
y('ar.~ of slorog(' al J nlilcslo1('/l 

AYEHAf1E FOR 1,000"]3 ('SrIEL lJ1S~] 

I foot 1)('lo\\' SUrrae(- <1 [eN Iwl(1w $ur[nc(\ 
.~ .~" .~.____ ..c.--_ ___.___ .••.____ ___•______ • __•____--.- ............. ~.~-L"llglh of --... ­

storng{~ 
~1()I"tun' Fa! f1t·J"rni- ~1{Ji5tun' Fat G(lnni­

C'olltpnt (widII)" n~llion ('onit'nt u('lelity nUlion 
---_._._--- ­

}"t'ur.\1 Parrill (-}fit.Ii Purelll Pl'fUnF {'flitS PCf'Ccllt 
July 1941 tori~hml' (l 12,1) 22 \~I I 12.. 6 22 90 
lUU('19H -_.; ., I:!..( 2.." Ii:l '1:1.1 :!(i 2(ifi 
June 194,i"" 4 la. [j ,(2 m) 12.4 :;.( X5 
De('. IV4.' .(1,,]I 1:1, , :19 ·H) 12.2 :1I ~6I 
July 1941 !ol'i~illill, UII 12.4 llO 
.1W.ll'IHH 12.0 7~ 

] " ~JUIH'19·15 -. , IS 
])('('. 194;' 12,·1 '\2 

: ~Pl' foot nott' L with· 11, p. Iii 

1 ~l't' footIlnll'~. tahh~ II~ p. Hi, 


Tht' finding:; ut th(':2 ::;tntion:; ill"(' "illlilnr. .'\('itll(')" spt of bill::; at til(' 
2 ::;lations sl!<'nn'<! lUll" di"linet (liJrpJ"(,Jt(·p ill till' fat u('iditl' of Ih(' whpnt 
nt nlriou::; lo('llt ions 111 tll(' bill::; 11"11('11 ::;toJ"('d JPS5 thun :{ ·.'"N1]"5. 

Germination 

G('rminlll ion us 11':;(,([ hp1"(' rdl'J"s to Ihp yifiililit '" of Ih(' wlwu t nJl(L is 
I"('portpd ns til!' ppl"('(,lltngp ofkPrnds (lpYl'lopijlg stn)JJg sprouts in 
g(']"rninatioJl I('sls Oil. :I\"prngp wiJp.:ll samples tnkl'n from tllP hins. 

GenniJlntioll., Jik(' Jul n{"idit ,', IlH'tlSUI"(,S dpt('riom[ioH in lI"iJ('tlt [Ililt 
is lloL tl('('ollJltp(l fOI" b.y ("o'I1lI1ll'JTial grnc1p slnl1.<lnrcls. Botb fal 
tlC"iclil,y UJl(1 gp]"mimlli(lJl siJolI"dltlngps with ng(', although til(' ("om­
JllPI'dnl grudl' of tIle' \\"li(':\t lIlay 1"(']11:1i11 the sam!'. 

Tb(' J"(·jation::;hip bl'twl'!'Jl thl' <!P('lin!' in g{'l"miJlfLlion find jPllglll of 
slol"ng<' Wfls Sigllifi{'!lJlt in nlili group~ of bin::; at II ut("hinson filled with 
9- to ] 2-p('I"('('lH J1)oj::;t1ll"P I\"hl'fll in I n40 nnd J n4;~ (tah1<' H). Thl's!' 
rn«'s of <I('('I"p:1s(' in tl](, J 04() wllPat, 11'1]('11 tlw siz(' of thp hi)lis ciisre­
gn]"d.('d. ::;bow n g1'Nl.l(,I· dpdinp in Ill!' Ppl"c('JlI g<'l"millfttion wi(h an in­
('I"('n.S(' ill llwi::;( lin' ('ont ('11 t. Th!' (>x('ppl ion is Ow ] O-}){'J"('pnt moist U1"(' 

\\"b('at in tll(':2.740-bu::;iJ(,j bins for 104>;' HO\\"(''I"(,I", dnta for this 
grOup \\"('1"(' not so ('omp]ptl' us Jor th(' otilPI" groups. 

Tjl(' 1.000-i>usli('llJin::; at HulehinsoJl filiPd lI'illl Il-p('I"('('111 JI10istlln 
1040 w]lPut shOl\"(·d. It gJ"('alpl' rut<' of cIl'('n'n::;!' jn gC'rlllinn.tion thnn tlie 
2,740-bushl'l bins fillpd with lh(, Sllll1l' moisture' whput (Inl>l(' ]4). 

• 


, 

• 


• 

• 
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• 
Ordinaril,Y this would be evidence that tIl(' germination decreased 
faster in smuJ1rr bin". However, the 'wheat stored at Hutchinson was 
subjected to heavy insect infestations and required applications of 
fumigants for their control. and it is kn0\\"11 that certain fU111ignnts will 
decrease tll(' gel'minatioll,9 Although an attempt was made to min­
imizp the effect of fumigants on germination by discarding data on 
bins that W('J'e fumigated with meth~71 hromide, thp data in ta.hlp ] 4 
('ome from billS that had ]'ecei,~eclapp]i('ati()ns of Vfi.J'lOllS fumigants 
atleast oll(,pancL in some cuses ml1n~" timps, C'ons(>Cju(>utl,", the data 
show not only the cleelillt, in g('l'mination wi ill increasing moistul'(, 
t'ont('nt but rtlso the ('{feet of ins(>('t infpstlltion all(t the application of 
th(' various fumignllts,"~('r(' the hillS IllltuJ'nll,'" fl'pp from insects, 
stat('mellts regarding t11(' dl'('ct of hin sizl' on tll(' rate' of (/('('I'PI15(, in 
gel'miJullion ('ould hl' 111ild(l, 

TABLE H,--EjJcci oj h'l/gili oj storage on germination oj 1,9.',0 and 1943 witea/ stored 
at dijrf'l'enl '//loisturl' mil/ellis in sled bil1,~ of."J dijferent f(/7lnrilil',~ at J/ IItchillson 

A'\'prU~(i llC'l'Ininntinn 
._.._.....__ . __._._-_. -~--- ..- - .. ------- ­-~. -~~~-.~-. 

1940 wl)('(lI; Jtloi~tur!' routl'll\. of·- 194:1 wlll'"t: IIloistun' ront!'llt 0[­

Lf:U}!th uf Shml}!l' 
10 lll'r~!'Ill 11 1"'n'l'lll 12 JlNrrnt Upf'r('I'lIl HI Jwr<'(~n t 1l1ll'r('('lll 12 por('pllt

(IJlontl,,, 
.~"...- _..,.-._-_._-

Four Bight Two Two Two Vour ~ix 

• 

2,7·10- I,IX.M" 2.740- ,i,IXX', 1.IMKI, 2.i-tO- 2,740- I,IXIII, 

hW;11l'\ huslwl h""lw\ hush.·! IH;Slwl h",'hl'! hush,'\ hus\",\ 

hins hillS hin~ hin~ hins hins hill" hins 


~ix 

PaC'fut j'crrcnl Ptrrllli jJ(rrtut ) '(rrt 111 j'u('tlll Puctnl }}((Cfllt 

I' s·\ M '2 k, !lo til hi 91l 
;~ ~~ un ~7\)(1f,. ,,:! IIIl ""H ~Ii no 

~;i "I 7U >,;\ 90~t _ "'"' Ij., !1:l ~Ii 

12 ,1 i·1 74 5•• 
1.Pl~ 7!1 ,,' ·1.; ~·I 
}!, k:\ IiI Iii' ;'""tli ·~h "ill 70 
~J Ii;! in :':~"I 
1-1 !i!i III':1 
17 '<I :12 r'},- II jH 
:m 7,~J ;"l g, fi:~ .IJ 1;·\an II 

:{;l ,,) :12 712 


Corn·la t lot: ('ol'ffi~ --" .... -, 77l~"- -.90;1"" -.om]··(~il'Jl t t -.fJ-) -.s4a·· -.~17W· -. ~)nl1" -. U."~J"'· 
('",'fIi~i!'1H lOr ':!t'kr· 

ruination 1 I~I 71 ~l·t ~2 :ltJ 9s ~:? ;,:\ 

H(·l.tr(15~i(l1l (',,,.ffi·
('iNlt . '·.:\2 -I..\>, -.~\\ -Lj!J - J2 -,H~ ~.4' -,UI 

t •• :;;;:~lJ..tnifi(·~Ult at tilt' l-"jwn'!'nl ll'\i·l 
12: TIll' P{'f{'l'lIJ.tlJ.t(· of luta1 vurhltinn in 1111- ;;;Ul·(·~·~siH·tiaIJ1J)h':'> U('{'OHlltl'cl COl' h\' tlIP It'JU!.th of st.oragl' .. 
J .A.Yeraf.!~' ('hung.. in p{'J'('ent {!t'rIlljmHiutt IWf JItnlllll of :->lora!!t~, ~ 

• 

Tht' lWI'(,(,llt g('I'minHlioH (!P('I'('USP ill s[oJ'('d \\'lwnt itt ,)nJll('stoWJl 
\\'ns similnr to Ihnt found for th!' lIul('llinRoH bins in l!Jal lL grNttpr 
([N'n'US(' o('('uJ'l'pd in llll' sIOJ'ug(' of tht' high!'J' JlIois(ul't, grilills (table 
15).. On!' clifj'PI'PlH'(' in lil" J'('sults frolll Ill(' 2 stOI'Hg(' lo('nlioJls '\'ns Ow 
ilnulllpJ' J'ftl(lS ofd(,(,],l'HSl' in tll<' lH'J'Crnt g(,J'Ininnlioll of til(' Wil('!lt lWI" 
month of slorugp, A ('OJll pnl'ison of I II(' I'll I (' of PPI'('('1l I gPl'minn.tioll 
d(,('J'l'flS(,S ill th(' 2 stations indi('all's that [1](' g(ll'lllinnlion of ",lwiLt 
ston'c[ at IJult'lliH::;oJl dp('I'Ptls('d npl)l'oximn[l'ly 212 til1l!'s fnst<)J' thll.n 
thul of whpnl of similaJ' Jl1oislllJ'P ('OHtPIl[ ;;toJ'l'd H.t .jallll'sto\\'ll. 

o Hec footnote 1, 1). 1. 
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The lower l'ates of decrease in percent germination of wheat stored 
in Jamestown are presumably caused by the lower temp('ratures in 
that area and to the low level of insect infcstations and the few fwni­
gations requiTed for th('ir control. 

TABI.E ] 5.-Effect of length of storage on germination of 1.940 wheat slored at d'iij'erent 
moisture contents in steel bins of 2 dijferent, capacities at .ramestown 

AYcmge genninniion of wlleat with moisture coutent 0[­

11 percent 12 percent i
13 percent ;14 percent

Lengtb o[ storngc (months) 

Se\"~11 l)'llrec Xine f ~rwent;y Sc\"'cn i ~rlIrpe I' 'rbrce 
J,ooo- '2,740- 1,000-: 2,740- 1,000- i 2,740- 1,000­

bushel i bushel bushel bushel) llUshcl ,bushel bushl'i 
bins bius hin$ hins I bins : bins I hins --------------------,---'---,---

Correlation coclfiri('nti '_,__ -.Oi3' ,00 -.85U -.!i.1S' -_fiGS', -.SiO' -.SHuCocfllcicnt of rl<'t('rJIlinatiOIl '" .15 o 74- 70 45 ! j(j ! 71H('grcssion {.ocllldcnt 3_, ,,-.07 .00 -.25 -~2n -.28 -.3U i -_G~ 

I '=Si!(11ifiClmt at tll(' 5-jJCrt'cnt le\'el; ,. =signifieant at the l-pen,ent lewl. 

, The pertellltl!!C of the total mrintiou ill tIl(' sllcce:;:;i\'~ salJlples llCCOUllll'l1 for by the leugth of slorngc. 

~ A\'l'rn~e cll11n~e iu percent ~ermiuatioll per month of storaf:~. 

The rates of p(')'cpnt grl'miufltion dr(')'('Hses (tabh's J4 nnd15) we1'r 
('omputrd from tlH' lillrflr I'('\ntiollship beLwePJI fh(' grrminations and 
months of stornge', 'I'h(' dnta llsed in t1H's(' mutlys('S W(,I'(' taken oyel' fl, 
3-yen1' slo1'ngc' lW)'iod. flnd the slo\\' hut consistent dpc')'eas(' in the 
grJ'lninations found fo)' most groups of bins OWl' this p('J'iod indicates 
that thc germination of stol'('(1 \\'hent dC'C,),CflS(,S at. a constant rate_ 
Sporadic germination [('sis mncl(' on bins of 'wheat tilat were stOlwl 
longer than:3 ,\'ral'S did not p!'O\'ide snffkient datil. ('ithe'I' to I)]'O"C Or to 
<iispl'oY(' ]ine!.tity, 

Gc'rminll.tioH J)('l'c('ntnges W('1'(' determined on the samc set of special 
spot sfl,mpks tnk<'n for fat ncidity obselTntiOlls 11.(, Hutchinson and 
;JanH'stOWll (tah]<,s 12 und 1:3). Stntisticnll,Y, no significant difl'cl'cnce 
wus obst'l'Yt'd brlw('('Jl tIll' g'C')'minn,tions from vnJ'ious locations within 
thp top half of the' bins at JlUl/'hinsOll nJtC'1' 2 and 2}~ 'y(liU'S of storagc, 

"'he snIne ,,-n5 t!'tlC' 1'01' the difl'c'l'rll.c('s betwee11 thp geJ'Jninn.Lions at 
thc' I-foot and 4-foot I('\'(']s in the ,Jl1ll1('StO\nl bins (tuble 1:3) after 3 
,Y('ars of sloJ'Ug<'. Difl'(jl'{'JlC'(,s aL til(' SUlll(' 2 1('\'('1s nfte), 4 n.ncl4;6 years 
of storage W(I1'(' sipJ.ificanL 'J'lwsp gcrmination results from difl'(>)'('nt 
pa1'ls of thp bins arC' about thp snml'l1S WitS found 1'0)' the faL acidities 
uf((.'l' :3 01' mOI'(' ,\'Pit I'S of storug-e. 
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• 
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Summary 

Annlyses showed the following <:hanges in wheat grade factors: 
'1'hel'e wcre fcw significant changes in the commercial grade factors 

of test weight and moisture cont('nt of the wheat stored over a period 
of Years. 

ij'otal damage inen'ns('cl slightly while in storng(·. This increase 
resulted from rainwat!:'l'leakagc, insect activity, surfuec moistun', or a 
combination of these causcs. Exccpt for a fel\- bins at Hutchinson, 
howev('1', which werc hea,-ily infested with insects, tlJ(' iJ1CTc'ases in 
total damage did not afrect the grade of t1\(' whC'al. 

'1'11e protein (,Olltpnt of the ,d!pa(. did not clmngp whilp in storngp, 
pv(1) in portions when' when.t df't('riornted bp('ause of high moistul'ps. 

In g('lwral the fILL acidity of thp when tia<:l'pnspd nnd tIl(' germination 
P(,J'cculnge decJ'ensecl while in stol'ag"l'. TIll' extl'nt of thc' dUlllges ill 
these fn.cloJ's wns reIn tNl to tJl(' moist Ul'(' c~on[ ('nt of thc' wh('at ILncl to 
the climate where it wns st01'(,([. 

EFFECT OF BIN SIZE ON WHEAT QUALITY 

'1'11c ynrious sllc'C'l'ssiYe ll1enSUn'lllPll(S of ('st w('ight, moisture 
('Ollt(,11t, total dlllnagp, pl'otl'in ('ontl'lti. fat acidit,\', awl gl'rminntioli 
on wheal snmples sho\\"('d no ddinitC' indication tlw.t tlIP size' of thp 
bin was l'Psponsiblc for all~' of lhc' changc's O('cutTing in UH'Sl' J1lPllSUl'('­
ments of Cjllnlity. H only tll(' ('omm('rcinl grnde Jndors of lpst weight, 
moisturc ('output. nud. totnl clnmngl' UI'l' ('.onsi(ll'r('(l, nn~' chnngl's tlllll 
did O('CUl' wc'rc just as likPl~' to npPp:ll' in n small bill. HS in a largp bin. 

Bnsl'd on conflicting; l'('sults ill the fat acidi ly (tahlt' ]:3) and germina­
tion studies in yurioH:'; sizps oj' bins, it. nppc'ars unlik(·I." lhat bin size 
1)(1(1 much influellC'p on tll(' mnintt'nnncp of qunlit,\' in till' stol'('cl w1J('at. 
Howpnr, thC'I'C' was il tpndpllc.\' for g]'('ntl'J' chnngt' ill til(' ftlt, acidity 
nncl gl'rminn.fion in tllP surfnc(1 wlwtlt in 2,740-bushpl bins thnn in 
I ,OOO-hushl'l billS (tn.blp 1:3). This llifTf'l'cl)('(' wns probnbly thc ]'t'sult 
of the gl't'lLter incl'easp in surfac(' moislul'l' in thp Inrgf'r hins. 

EFFECT OF FUMIGATION ON VIABILITY 

Early in the' innstign.tiolls at Hutchinson it wns 110(('([ (hnt 50111l' of 
the hillS that Illlcl been fUllligatpd hnd a 10w('I' gprminntioll pel'('t'ntng<' 
than otll('J's. Jl \\'as fouwl thaL tllpsc difl'l'I'l'Jl<'t's wprc' I'P]atpd to tllp 
kind of fumigant used ((.n.ble Ill), 

T.\BLI': 1n.-Change in aVl'l'arw wheal (lprminaiion perc(,lIia(ll' in co1tlparabl(' bill,~ 
irr-a/ell wilh di.{rcl'rll/ fumiganls al JlII/chiIlSOIl 1 

,AypruJ!C' 
(']Ulll~l' inFumignllt. g('nninl1­

lion 

, J..Ylllil/~t'f r l'at'elll 
).J )ir111oro·)·nitn)l'Uul1ll'·cnrhon tc'inlrhJOI'jdc mLxlure •.. toJ ~ -27.~ 
C'hloropicrill'mrlJon telmrh]oridl1 mixture•..•.. Hi, -2(t.~

21C'hloropicriIH'lhr1ene di('hlol'idr lJlixtlll'l· .•...• -2:1.5 
C,,1'11011 lliSlIlfldl',,,,rhou 1.l'1 I'llt'ltlol'id .. mixt un'•.. .J ! -II\.2 
Carhon tl'll'l1chlod,I,·nlonl' ....... ,... .. . \I -H.I; 
n'lJ1l'thylall,-l ehloridr·('arhou lelnll'hloride llJixt tn'l' . . . Iii -10,1 
Acr,-Jollilril("lrichloroucetonitrn"'corholl tf'tml'hlorid,· mistun' . .._ .•...•.• __ _ l!l ; -a,'1 
EtIJr1enc dlclt!orldc·carlJoll tctl'Ochloride mixture ••••• _............. ___ •.•••_•••• 2' +2.5 

1 CJwck or untreated w)leatin U!sts conducted over n l'renr pcl'lod SJIOWN! grrmlnnlloll at sf-art 95 perccnt 
and after 1 year 891)Crccnt, a change of -0 percent. 
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At Jamestown a special fumigation study using a mixture of 3 : 1 
ethylenedichlol'ide-carbon tetrachloride containing 10 percent methyl 
bromide showed that the viability of the wheat was reduced materi-. 
ally by such treatment. lO 

EFF.ECTOF FUMIGATION ON FAT ACIDITY AND PROTEIN CONTENT 

Fat acidity values and percent protein content of wheat after fumi­
gation with the mixture containing 10 percent methyl bromide (used 
in Jamestown bins) are shown in table 17. Changes due to fumigation 
were not statistically significant. 

TABLE 17.-Average wheatJat acidity and 7Jro/ein content for three 2,740-bll.shel bins 
of wheat J1/.1nigated 10ilh a mixture containing 10 1>ercenl m.ethyl browJde and for 
three si'ln'ilar bins of wheat not, fumigated, Jamestown 

.' 
Dale of sampling 

August 19H__ .. 
NovombCl'1941... 
Fcbruary 1942" 
i\lay 1942._____ • 
August 10'12___ ... 
Novcmber 194L . 
February 1043 ___ ..... 
May 10,13_______ ._ 
August 10'13_____ . __ .. _" 
Novcmber 1943... _____ ... 
FcbruUtT 1944.. _____ . __ . 
Junc 1944.._..__________ ., 

- - ~ . i 

('"its 
~ 22 

25 
24 
22 
27 
2:1 
;n 
28 
:JU 
33 
2f1 
as 

--~---~~-

(""i/s 
21 

i 23 
21 

j 21 
27 

I 21 
;H 
:JI

! ;14
I 27 

I 20 
27 

I 
- . 

, 
Percelli I)ercelltI II '15. :I 16.6 

1 
lG. :J In.7 
15. !) t lfi.S 

I lli.4 I 17.2 
lfi.O I iii. 9 

I 
15.0 lfi.n 
15.8 Hi. 7 
litO Hi.;l 
Hi. 1 10.7 
10.0 16.7 
W.3 17.0 

I 15.9 JH.fi 
--­ ..". - .. _.----­

•' 
i.

i 
1 Average of 3 bins~ 
2 First fumigation Xovcntbet· WH. 

gation. 
'1'11<'80 figun's I'cpl'es('nt fat acidity lln<l (ll'Oll'in ('onll'nt before fumi­

EXPERIMENTAL FLOOR STUDIES 

A stueLy was made of the effectiveness of various types of floor con­
strllction and of matel'ials in preYenting the deLel'ioration of wheat 
oUon found on floors of storage bins. Since the results of these tests 
are available in other publications only a brief sluumary is giYen her-e.1l 

AU {tOOl'S studied were in 14-:foot diameter, 100-bushel steel bins. 
Twenty clifl'erent flom designs were tested in 48 trials at Hutchinson 
and 21 floor designs in 39 trials at Jamestown. ~rests ran from 1 to 
::3 years. 

'The main types of floors and i'olmdatiollR studied are shown in 
:figLU'e 7. Type A "TitS standn,rd for the steel bins. Types B, OJ D, 
E, n,nd Ii' were experimental. 

PERFORMANCE IN DIFFERENT LOCALITIES 

Although the floors installed itt J:Illtchinson itnd Jnmestown were 
almost identical, there were noticeable difl'erences between the 2 bill 
sites. At Jamootown there WitS excellent surfitce !tnd soil drainage itnd 
the site was neyer' flooded. At Hutchinson opposi te conditions existed, 

10 See footnote 1, p. l. 

11 Guoss, E. R. l'EIWOftMAKCE (H' GItA1Nlll.N ~'LOOHS. Agl'. Ellgin. 20: 417­

420, ill us. 1945. 
S'rAHL, B. ~r. S'I'()RAGE I'~JltI<'Olt.\IANCE 01·' GUAU/ nrN FbOOItS. Agl'. Ellgin. 27;

357-362, illus. J 9'HI. 
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• "IC'l"r:. 	 ~l"JO/'13 l.'~ ~!:.!:.~ r..r<llt. rc itt: I'iHr;.,.f ';'U'f'f~ A.."./Q 
Pf.!.l:wIDe; ~/Nd.r ",·,.,It:J1 AIU: Ho."7" L~:S :'/M,V :; .. ",r 
I1R....rJ ,U!.!;A• •4V,tJ ~I'!L; UNJr:I:~ JoY J,:.r:: AH~ DI.'"':"£J(!Jlrn{JN 

Nt:"/'f cPCN,NfI.1 vr~:'Jc"~ 

·rOU.VDATION • TYPt.: ,:"". 
clloTe; 	 t:'<.l."'.:r!·&!UC~lCN ID~T:~i#Z. WITH ,:",yp~ "t::o al;t::,.~ 
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FJGCItJ:: 7.~ -T.\·pe;: of hin !loo!';; lI:;pcl in wh('ttt ;:torn!!:(' ;:tudi('~. 

althoLigh Uw floors W('.I'(' n('l"rr in L1ndaU'd. Ayrrngel}J'('ei pitaLion at 
.Hutehinson was 27.8 tnehes ns eompfLrecl to 19.5 indJ(ls at .Jal.l1Cstoll-n. 
However, at HlIV~hinson preeipitation WitS :39.0 ineilrs in ] 941 and 
4G.7 lnchrs in 1942. Drifting snow wus n. mOrt' s('l'ioLls ]utznrd at 
,Janlrstown [hun thrse rceords would indi.cate. "'"hpIlrVt'l' snOII- ac­
eUUlulaLec1 against t\H' bins uSNI 1'01' expt'rirnrn tal floor st Lid ips, it 
was shoyeird or' s\\'rptuwll,\C I)<'/'ol'l' melting eould O(,(:Ul'.

,"it.h titl's(' rt'l!Ltil"('h' [al-orabh' ('onditions itt .JamCs to \\"Il , .lnueh 
better results might be "('xp('cted from the ,JalllrsLown tests than from 
the Hutebinson tests. HOWeyrl', tli(' aV('['llgr amount of visibly 
spoiled wheaL pel' £1001' {'t'st fi.t the 2 bin tiit(,s WfiS praeticalJy tlte $n.lIIe-~ 
3.7 bushels at .Hutchinson fi,n(l ;).8 bushels n.t ,Tn.rn('stown. 
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Also, :floor performance as measured by the final moisture content 
of the wheat on thecellter of each floor showed approAwatel}T the 
same results for similar floor installation at both localities. 

Seasonal fluctuations in the moisture content of the bottom 15 
inches of wheat \\-ere observed at both localities. In thesc obsel'\Ta­
tions, the average mojstme content of the wheat in JttlltUlry 1942, 
July 1942, and January 1943, as compared to the initial ltve.rnge wheat 
moisture content, wus: 

JJoisl/lre coniellt oJ lchea/ 
a/­

JIIl/chinsoll Ja mestO/Clt 
(Percellt) (Percelll)

Date and probe samples:
June 1941, initial bin avernge _______ " __ • 11, 4.3 12.4.1 
January 19,12, bottom 15 inciles 111 bin __ ..... 11. 20 :12,52
July 1942, bottom] 5 inches in bill, __ _ 11,52 13.19 
January 1943. boLtom ] 5 inches in bin. __ _ 1l. 2-1 12. 'il 

The a,bove e011clitions show tLmt in the absenee of roof or wuH leaks 
110 abnormal moistm'c ehange ocems in wheaL on .floo['s whe1'P there 
is no water leakage or pelletrn.tion of moisture from thr subIloor. 
The periodic: changes of the whent moistul'l' content within 15 inches 
or the :fioor is explained b~- temp~·rn.tun' ~radienls directing the move­
ment of walt'r vapor by conveL~tiol1 (,lUTents from onc seetion to 
another in thc' bulk of wheat, 

RESULTS 

1. Xiue floor types proved effedi\yc ill HUll no spoile'd g/'aiu was 
fOLllld on thc floors and floor moisturc W!lS adjudgcd Lo be' within snfe 
limits, Thcy were (1) st('(-l OIl efl.l'th, not c!llked; (2) su-el 011 carth, 
cnlked; (:3) sted on gnweL; (4) stcpl on joists; (5) ('onc/'('Lc with 
aluminum-foil overh1y; (G) eOllercle with /'oIJ-l'Oofing o\'crlny; (7) single 
boards on joists; (8) donble bORrels on joists; alld (9) roll l'Oofing on 
earth, 

2. Six .floor typcs thM proYl'd 1E'SS dl'c('lin' ill prcn~f)ting grain 
spoilage 01' developed ('x(;essiw /noisturc ncnt' thr' (loo/'·-~both ('ondi­
tions p/'eVtlil(l(1 in SOl1lQ e!lses·~\n·L'e (1) eounr('(:c on enrUL; (2J (lon(,['pt(\ 
on gravel; (3) eOI1('rcLe with board o\-erin,\-; (4) eO.fl(Tet(' Oil till'; 
(5) coner('te "'itlt 1 coat of (·ll1ulsifi.ed nsphalt; and ((j) concrete with 
2 coats of emulsificd asphalt, 

3. Foul' i:rpcs ~:o[\sidel'ed uncertain, although 00 spoilage oceul'l'ed 
but mojsturc was excessive in at. leilsi; one trial, WCI'C (1) stcpl on tilE'; 
(2) perforatcd steel on joists; (:3) 2-eoursc cone/'c'le; and (4) c:onel'ete 
with aluminum-foil. pappI' and bOll,l'd ov('du,\-, 

4. CuJking at Ull' (loor-wnII joiut wus illcJIeeti\ye in floor's where the 
platform ext(,llcled beyond the bin wILLI. (Types B, C, and D.) 
These studies showed thati (,ILIking .hns definite limitations Its n, remedy 
for POOl' Hoor d0sigll. 

5. Flushing thc plnJ(orm floor's proved efl'ecti \Ttl in pn\\'pJ) ling spoil­
age caused by floor-wall joint leaks. 

G. 1foisLurc barriers [U'c required for c:ol)(,I'CLe .floor designs, but at'e 
ineffective if the exposed conet'ete Jiooe is not properly finshed 01' 
shielded abo\~e the moistul'c barrier. . 

7. Embeddi':tg Lhe bin wiLli in the concrete floor lllakes a substantial 
floor-wall joi'J.L. 

• 


• 
. 

,. 
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8. Floor lllaterials of straw, roll roofrng, and silo paper. as used 

• 
m these tests, I)J"Oyed satisfactory ill lluLintailli.ng the quality of the 
wheat. The straw, ho\\'e\'er, must be sifted to remon' wheat. 
Approximately 10 bushels of \~'heat wus thus recovered fro111 tbp 
straw floor in the Jamestown t·rmI. .A eo\'e1' of Imlft pilppr on'r th(' 
stm\\- is a possibk :improv0111(,l1t ill this ty'p(' of floor. Paper floors 
ill'(' satisractory !.Jut ar(' sub.jpet to dlllnng0 ,,-It('n tll(' bin is empt.il'fL 

REMEDIES FOR OEFECTIVE FLOORS 

),Inny 1'al'm stomgc':;; lUl\'C bC'PH ('l'(,ett'Cl on. (,011C'I'('te OJ' wood plat­
forms that ('xt(']l(l beyond til(' bin walls. Spoilngt' hns ahm.n; been 
obsel'nd in ",hc'at stol't'd on sueh floors. Some 0[' t.he tl'sts demon­
strutl' tlUlt this ean dl'\'t'!OP into IL sPl'ious loss. Eln,bOl'ut(, nlte.mtiolJs 
an' llot l'C'quil'('(l to l'pnll'dy tIlt' dC'feet in tlLis tYI)(' oj' Door. ~\. slrip 
of metal JLnsbiug u.ttnelll'd to till' bill wnUs by .IlH'tnl S('I'('\\'8 nJ the 
position :;;howl1 in diagmm. ~1 of ilgllre R pl'owd ('11'('('(i no. 'ritis 

!?(!metli~s 'ror d~kcls In 11/n ,r/oors orplqf,fym types 

> 
8 

u~tler3ide calked 
',? frIll""."."" /llfNtI"'t:'IH"~ 

• 
c o 

llwtltod o{' 'fll'ot('din~ I hI' ([001' was adopted, ('\'('J) thoug-h SO!Hp\\'hn t 
difficult to .ill:-;lnll Oil tl /'()und hill, 1)(\('llllSP it di(lllol ill({'rfl'I'(' with the 
l('~t:-; 0.11 \'urious floor IJ'('lI!lll!'nt~ lind ('oYl'J'illgs. Oth(,I'\\'i:;;(', 11](' 
ll1l'thod illust!·u ((,d. h; ding-nllll JJ (fig, Xl \\'(Hlld ))(' llloJ'(' pl)'!'eti \'t, and 
Silll pIt'. 

• 
H ('ollsidc'rllbl(' s!to\'pli Ilg i~ n('C'PSSlIJ',Y, usi Il n bill lIs('d ror /,pref 

stomg(" tlw l'o1l fooling' ('nil 1>(' C'o\'PJ'l'd with IlOlIl'li.s 01' II C'OIl('l'C'j.(' 

topping-. J.. simil:!I' npplic'ulioll or roll roofillg (fig. R, (') .is suitu.bl(' 
for hins hll\'ill~ wood plntrorlll flool's wlH'I'(' ('xtprnnl :.;tllddill~ pn'\"('nt.s 
tile' ('f)'('c·(h·(> IIS(, or flaHhill~, For I'Pclllllg-tli.lIl' billS JIll \'in~ intC'/'I1nl 
studding-, flushing- (fig. k, /)1 is fJJ'oiJn.hh· (h(' :;;illlplpsl prolpdioll I.hut 
nan 1)(' IIsed ('ff('(:(.i \'(,Iy. • 

http:fJJ'oiJn.hh
http:suitu.bl
http:lluLintailli.ng
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MANAGEMENT STUDIES 


Past experience in the storage of surplus wheat by fanners and b~' 
the Commodity Credit Corpol'ation showed that sound management 
practices were necessH,ry for prolonged stornge of wheut in fHJ:m-t.,cpe 
bins. 'rhe wheut-resf,.trch investigations at Hutchinson und James­
town "'ere designed to obtain information on different· methods of 
managing wheu,t of low-moistul'e con tent in stoJ'nge. A sound munage­
nll:'nt j)mctice must fulfill the following l'equin'JIlcnts: (I) Prevent 
cleteriorntioll indl'fini tely, as lnNtsured b.,- stnndnrd gradc' j"lwtors; 
(2) prevent loss causecl by insects or rodents; (:3) pn""ellt spoilage 
from heating as the result of high JIloisture C'Ollt('nt and high tem­
peratures, or both; and (4) main tain wheat in good coneli Lioll for long 
periods iLt. mininnml cost. 

OUTLINE OF TREATMENTS 

Only stc'el bins ""('l'(~ used in the nU111ngNHcnt studies at Hutchinson 
nlld Jnmest<nn1. Thc"" ""P,I"(' of' diffcl'C'nt siz('s, ]l()WPY('J', n,ud S01)1<' 

WCl'l' vpntilntPll. .\. t(lUll of 7:3 billS was used at Hutehinsoll nml 
90 it t .TanH'Sto "-11. 

Thp bins in tht' m:mng('m('Jtt studit's, ('x('('pt fo]' 2 bins filll'd ,,".itlt J 041 
w]wat at Hut('hi.nsOll, ,,'('n' filkd. in ,fLl1lE' llnd .1uh" 1941 ,,-ith ] H40 
{'rop \,'ht'il.t that had pr('viously IW('11 ~tOt'l'd.ill tprmlllnJ l'l(',"ntors. Jt 
grndpd mostl\" So. 2 and So, :~, but n j'(,,,- of thl' bins WP1't' filled with 
Xo. 1 nnd. ~-:o. 4 ,,·lwtlt. With f('w t'x('pptiolls, tpst '\'('ight ,,-ns the' 
fndm l'stnblislting UH' g]'ad(', J~x('('pt for tl11'('(' 2.740-bushpl bins nt 
t'iL('1l stntiOIl that "'('1'(' JiJlt'd with Whl'tlt llll\"ing Iligh do('kngp, rangillg 
from :3,0 to fLO l){In'l'llt" till' wlH'u,till stol"HgP ('olltniJl('d doekagp of 
1.n pel'('p]) t Ol' 1('ss. Th(> n"l'nt.gl' moist ure ('on It'n t of the wlH'ut was 
11.:~ P('l'<'('llt at, HutdlillSOIl ltlld 12.4 p('rcPllt n.t .1U111('sto,,-n. ,Yhl'i\t 
wi tll SUi'll llloistul'(' ('()J\ ((,11 ts is (,()lIsid,(,I'('(1 ns dJ'\" n.ud stor[ll>](' iJI 
thps(' J't'sppdi \'(, nrt'ilS; ('ons('(l U{'1l tl,\", th(' ill "<'slign lions did Hot 
in<'iu<ip UllY pl'odsiol\ fol' nuuHlging dlll)IP WhPHt .ill S\Orngl,,12 

'J'lw bins 01' 1\']1(.[1 t USl'd in the JIHUWgPJI\('ll ( st ud ips W('I'l' originnlJ.r 
assign('d to ,,) difr(,],pnl tJ'l'at tnl'llls, ('11('11 pl'o,"idillg n possibI(' nlllll.ugl'­
nwnl pJ'()('('(lllJ'('. Lilll'l', H ninlh ll'('ntlll('n( was nddpd at IJu (('hinsoJ1. 
TII!'s(' (1'<'111 111('11 IS, d('sigllPcI lllo"lIy to Pl'Ol('('l s(.ol'(,d wh('at agninsl 
dll:mng(' ('illlS('d 1>.\' j nsp<:(,s, ('x('('ssin' ('lllP(\I'llt UI'('S, (\I' su I'fnC't' spoilage', 
JPlI jalo 1""0 en.l<'go/'i('s--Pl'P'"l'Hlin' nnd ('ural in'. PI'f'Nlllire tN'ul­
tr/('lIt.'1 \,"('n' d('siglH'd to PI"(\('oJHlil ion Lllp wltl'1\ t t () PI'C'\'('ul l hl' ()('ClIl' ­

I'('J1('(' of tIl<' ('IIUS('S of damng(', and ('umtir(' ir(·a/mott.s \\"PI'(, d('signcd 
to ClU'(' and l'p('o.lldilioJl til(' \\".i1Ptlt uft('I' til(' ()('(~lIl'l'plIl'l', or till' enust's 
of damng(', T1)('s(' (1'(,!11.111('J) (s "'('n' us foLlow,,: 

1. 	 .\'0 {tell/melll 1('1H'('k l>ill~l. ·Thb wlH'al was pilL('ccl ill1itom~(' dit('{'[lr fl'ol11 lel' ­
mi.nal ('lp\'atcJI',", wilhollt all.,· kind of t rpatulC'nt 01' fumigation, 

2. 	JIlttioi lUlIli{loliofl. at rrllt(·hill.~OI/, und,lf 1l('('(',~S(/,"Y, III .r(/III(',~IIl(l.'I!,' no SltiJ8cqll('ni 
[no{1I/11I1 I P 1'(' \'(,11 tin' 11'(,11,1'111(,1111. -At JIlIll'!tIIlHon this \\'hpa( \l'IlS fllilligafl'd 
\\'[[,h 3 g:tIlOll~ of ('ILl'boll disulfidc' ))('1' J ,OOU hushl'l;; of \\'11<'at \\'hl'u pilleI'd in 
,.;fontp;(', ::\0 flll,tiJ('1' tr('alll1Pllf WlLH p;i\'('Il. TIl(' iJ)~('('I-fJ'('(' wlil'al at ,)llIlles­
tOWJI \I'lL:' lIot fUllliga[prl, 

12 "Damp \r!teat." i.., c!('fim'd hpJ'(' iLf hIL\'illlJ; Loa 1I11l(~h Illoi,;!ul'(! [0 f'Lol'(' fOI' long­
period:; without Rjloihtp;e in 1I1l\'C'II(ihLIPd, tigh!h' (,OIlf'[I'll('\pd ilill;;: [.ha! If', wlll~!l[, 
ILlJo\'e 12 prrcc'ut Inoi;;tul'l' in .l(ttllflll;; 1l1.1Ii I1ho\'(' 14-jll'I'{'('n[ ill XOl'th DIL\;:ollL. 

• 

• 

• 
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3, 	au spray 011. wheat sur!ae:/, (prcn'utiy(' treal'llIent),~-Th(' :-;urfare of the whclL! 

was periodically Rpraycd with 2 quarts of paraffin oil ill the 1,OOO-bushel bill:; 
and with G quarls in the 2,740-busllC'1 bins, J(,: purpose wal' to seal the wheat: 
surface again;:t iuscct illYal;ion, 

+, 	 Periodic .fllll/iyalion, Jllne and 8rplC'lIIbcr, {(I/I'/' ('hol/{fnl 10 .1ur/lIs{ alld Oelo/Jer 
al Huic/tinsol!, Iml .. lul/llsl oniy (II .Iomcs{ou'l1 (prey('lltin' treatI1lpnl),----Thi,; 
wheat ,,'as to be fumigated [wiee anllually at Jllllehinl'OIl wlwtl\('r 01' not it wa~ 
weevily, and Ollee annually at ,Jame"tO\l'II, 

5, 	 Turnill.l/ 'ill ('{,id '(t'('(llhrt Iprr\'cllti\'t' trealllH'lIl). "'fhi;; treatlllc'lIt, al~o refplTCc1 
to as "turllill).!; in .Iauuar,\'," eOIl::;i;:tpd of lurnill"!!; ill(> \l'hpM from one bin 10 
another Ollce a yrar durin).!; ('old wra{ her, 

U, 	 FlUllil/(ilion lchell lI('cl!ssa.{!I (('urath'e t I'('al Il1pnll.Thi;: \\'twai \l'a,; to hr fumi­
gated Whrllt'"er tlH' ill~eC't" populatioll was ('oIlHidt'rt'c1 dangt'rou,;ly high. 

I. 	Turllina (Inri cieanill!l when 1l1'c('ssary (~'uratin' tn'aIIllPlltJ." -Thi" tn'alllWllI" 
(,oll~j"t('(i of I'Ullllillg thp wht'tlt O\'PI' a ('Ieallillg' H'j'PPIl "'hilt' I liming it fl'olll Oil(' 
bin to anotht'r wll('tlP\·t'r it bt'('!ul1l' infp,;(pd with in,;('('(i'. Tilt' 1 I'pat IIIPllt \\'a~ 
to l)(' u~ecl when the inHet'f population \l'a,; ('on!-'iclPI'('d cIlLlI"!!;l'I'OUS or if t'x(,l',,:<h'p 
IplIlperaturCl-l c]t'\'plojlecl, 

S. 	 'l'urnina, .'{ranin(/, (('lid lllll/i(/lllina '/I'hCII 1£('('('.~,~l!ry (('ural h'e t I'pa! Illpnt) , Thi,; 
trpal"lI1pnt C'on,.:i:;(pcI of running' the whrut O\'pr a l'lp!llling ;;('r('('n whpn turlling 
it from Ollt' hin ("0 anotlH'r ami fumigating aft!'r tllrning and ('Il'aning ",hl'lH'\'PI' 
it \)('('aIllP infp:<tecl wilh iIlHt'C'[:<. 

H. 	 Ih(lul(lr annU(l{fulIlillo(fulI in Of/oiler (PI'PvPlltin'fl'pa(llH'nt). At Ilutebiu,;oll 
this tl'patllH'nt \l'a~ acldpcl 10 the oril,dmtl lIIana!!;('lIu'1l1 :;tllcli('H JR 1I101l1"h,; af(rr 
thp other treatlllPllt;: W('J'P ;:tart!'d, .It l'oll;:i:.;t~'d of fUllligatin,g Iht' \I'lIt'al oll('e 
paeh Yl'ar during' Ol'to\)l'r whptlwr or not the wheat was infp,;tpd with ill,.;el't,.:, 

TnlJlp 18 lists tht' mUlllwrunel l:nw of bins originally assiglwd 10 (,[1(,11 
(rf'iI(mpl1( al Hutchinson, 11 nlso shows tJlt' JllIlll/)('r of bimi I'f'mnining 
,in fl, trpntU1l'ut nt 111(1 (,lld of ('nell (j months or S(OI'Ugl' Hnd giy('s (itt' 
l'('nSOll bins "-('1'(' ,I'emo\"l'd from n (r£ltllnH'nt. 

• 
Inspcts "-('1'(, a major pl'obll'l1l nl Hulchillson, Hlld alI Uw trpnt:nwllts 

WPI'(, npplipd t,o prcn'J) ( dUll1ng-(' to lhp 1I'll('nl, Howl'n'I', in Ihosp 
(I'(,H trll('nts nd l'q lin t<'l,v eOll troll il1g ins('('{ s, WltPfl twas ste)f'pel sn1'('J)' 
fof' il" long ns 5 YNU'S J)('fol'(' il was sold dUl'ing UI(' wal' 10 Jl(,Ip 111(1('[. t11p
dPIlIt1I)(J [01' wJ1('aL 

lll.~('('t:-; w('/'(, flot n spriolls pf'ohll'm n I .Tn ll)('stOWII, and ('Ol1spqll('ntl)~ 
tn'ntnwnts 1\os, 2, 0, I, nnd H, nil dt'ating wilh fumigatioll Of' cipuning 
fof' in:-;('C'ts, II'pn' I1l'Y(\f' nppliNl. Tn'utllwll( .;\0, :3 (oil sprny) II'U.S 
U ppliNI fll .Tn)lWs(OIl'Jl, hOII'P\'P!', but I\'ns cI is('oJl [i Ilupd, o\I'jng to tllp 
n/);wnC'(' of insl'ds. Tf'(,H1111('nt Xo. 4, 1H'f'iodi(' fUllligalion in.\ugllst, 
I,'ns npplipd but only ill onltll' to stlld)r [he' ('11'('('( of n fumigullt 011 111(' 
I'inbility of !lIP Wlt<'tlt. TI'pntl11(,11t :\0, ;j II'US lIppliNlr.o study titc' 
Il1Pf'i[s of t liming ill ('old \\'('Il.th('I', 

\\lIN).l :-;Iof'('d' 1\,(,11 ut, .TuI1w:-;tOIl'JI, J( "("I'lliIWe! in ;.;[o/'Ugp for as 
long as 4t~ )'('11";'; l)prol'C'.it wns sold. dUling ,,"odd "'!If' JI, . 

TREATMENT DATA AND DISCUSSION 

No,!. No Treatment 

(,11('(,1\: him; 11'('1'(' ('stnblisJIP</ to dl'tpf'll1i/lp Ito\\' long I()w-Illoislul'(' 
1\'.h!'lli ('Oldd b(' S(OI'Pc! ;.;ul'(lI,{ ill pn('11 stIllion .if tlnnt('n(/(,(1 ilne! 
trntf'pntl'd. ' 

• 
-'.. l l:iuteilinso/l tilf'P(, 2,140-IHl:-;lwl 1I111'l'Hti1ttU'd billS with ('Idkt'll 

floor 11.11(/ wnlls II'P/'(\ wwd 1'01' (,!t('('k bins, '1'11(':-;(' bim; 11'('n' fillpd witit 
l\'Iwut dUl'ing .JUIH' 1\)41. '1'11'0 of thl' bins \\'('1'(' filkd lI'.iUJ :\0, ] top 
qunlily wit('al (1'('(' of il1spdR unt! "'itl! n llloislul'(' ('Olltl'llt sligittl.\­
Iwlo\\' 1Ul 1)P/'('PIlL ~n)(, o[h(>)' wu:-; Jillpd. witit Xo, 2 witI'M with n, 

moisttll'p c'ontt'llt 01' J 1,(j P('I'(~('l1t ond ",us slightly illfest(,!! witit ins('cts, 

:1:11897 ;,;, "'. 
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• • 

WT,\II1,E1R. XII mber oj billS arig/Hal/II (lSsigl1rti 10 till I'tlriol/..~ 11'«(1/11/('11/8 III J11IIrh ;'~.•()Il, 1I1Id Ihe 71.11 III bel' I'c'/lllo'nl:ng WI' 11-111011111, 1)er!?~~ of storage t.:l 

Tr(\t\tllll'ut IIln tI"s!'rlpllull 	 :-;'\Il1lhl'I' of hlns ns or 
Wh~nl , Heosoll for lcrllllnllting hln 1-'3 

trclltlllcnt. M 
V"nliin' IYIl')' '.lllll~ Jlln. JIIlW ,hili • •I1111e .TOil. 	 a

No. Ill'scription ~Ill\ lion' 1011 1012 11/12 101;1 Hlla,IUH ~. 
~-~----------

j HI/slid,,' 

, No Irfl\!nWtl! 2. /.\0 .:\'"(lTUl 1\ :I 2' 2 2 2j 2 I)lSCfls.


I [2. ;·10 .•10 1\ 6 11 6 Ii 1 1 1 Do. ~ 

(I 	 Do,.•hl 0' a :\ 	 b'j2, 111ltl"l [UlIllgllll'Jlt, if Ill'l'.'~'mr)·: uo suh· ~'~':g ;;I..l 2 2 2 2 I I I Do. d$NJtll'olli trt~ntnwttt. l ~: f:1tl " n Do. t"1PIA !l 2 2 2 1 1 

1,0011 :\OIll' 2 2 2 Il Do. 
I 2. j·1Il .stHIP "II 2 2 2 2 2 1 0 Do. ~ 
I') j·IO ;;1,-1 n .J 2 2 2 2 fI 	 Do. 

1)11 sprny, ~III)" IHI.I Angllsl 12: 7~U PI.-t . II 2~ 	 ])0.2 2 2 1 0 
. I,()(~l '?\~OIW :! 2 2 2) II .. Do. ~ 

'" 
NOllP 

II 
:1 :\ a a a a :1 a a Hold WIH~!\I;.{ 2. ,·10 	 I--'

Fumignlion .1Ulll'o nnd ~l\ptemhcr It\tl'r 21 7.111 ;;1,./ " II 2 2 2 2 2 2 :! 2 :1 () Do. I--' 
('h"ngc.1 10,\ ugust 111111 ONol)('r. 2. "II) PI,J91 ... n 2 :1 :1 2 2 1 I II Do. .... 

I,(X){) ';\One II 2 Q 2 2 2 :1 2' 'J'- . I; Do. 
\,1,100 SOIII' n 1 i I 1 {) .. rnSCl'ts.. "'" 

~. 1·10; .lIf} II :I :t :t :t :t a II 1>0. 
5 'I'urnln!; In.l:lJII"lr), . 2, i·tO ' H1.'1 . II 2 2 2 2 II ~.Do, 

'J 'J Do.12, i·11l PIA. II 2 2 III 
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.Although not eonsitielwl a dungerolls infestation "'ht'nfillt'd, \\'ithin3 


• 
months insp('t aC'tj\'it,Y in this hin ('fl.used spot heating, It Wfl.S Ilec'PSSiU'Y 
to fumigate t]l(' wll('ut during Sppt{'ml)(']' to SHY(' it from CXC'(,ss insect 
dall1fl.gt', 

Th(' low-moistlll'(" high-quality, illspet-fn'p wlwut in lh(' 2 j'('l1lflining 
bins \nlS in stOl'tlgl' :3 ypal'S 1)('1'01'(' I'Pqui1'ing Il.tLPntion. .\.t thp ('lld of 
tll!' sec-ond Y<'HI' of stol'agt' u sligh I 1ns(>('l illJC'slat ion WIlS pn'sput. 
but this did not ufrpct tll(' (!:J'tHl(' of the' whl'at. At thp pueI oJ UlP third 
}"0[U', ltO\\"P\'('I', the' \\'lH'Ht was gl'adpcl "w('('\'ily," lus('ds had ill ­
(,l'pas('d to th<' point whl'1'(, if. was Jl('('('SSUI'Y to fllndgatt', Thp \dlPUt 
l'pmniued in ~10I'fl.g(' uuollH'1' :nul' Uft('I' Jumigutioll I)('Jo1'P the billS 
W('.J'(' l'mptipd, 

During thl' 4 yt'IU'~ of storag(' 111(' tpmIWI'ntul'(' of ill(' ",1H'nt 11(''\'('1' 

]'('uchl:'d n d nngt'l'ollS poLII t, though lo('uliz('(1 spoiing{' eHus('t\ hy \\'u tp1' 

l('akng<' anriins('('t u.r,ti\'ity, amounting to GO busht'ls in 011(' bin and 
100 buslH'ls in the oUll'I', was fOllnd. in l'll1ptying tlH' hins, .\.p])l'Oxi­
matl'ly olH'-Jwlf tllP dnmng('d WIJNlt found in tlH'sP hins wus ('al.ls('d 
by in8P('ts, 'flIP bulk of tlw witpnt. ho \\"C'\'(, I', \\'US ill good ('oncli(ion 
iUHl ;.;[ill gl'ildpd Xo, 1, though "W('('\'il~-" ((nl>1<, Hl), 

'('.-\lB,!': I!I, Illi/willllt! .Ii Il (Ii (/1'1'/'(1.(11' (lr(lde of I/oI'd Willier whful .~I()r((1 11IIrli.~(!lrhrd 
for ·1 !I(·(lr.~ (ll/d III1IJ'((I/t'd lor d !l1'ars at .fI1I/cllil/Mill 

,! 
lllltiuJ >'"mpl,' •• Tulll· HHI Filial ,:ullpl,' •• IulU' JY~;, 

• 
IlJII ){ol!'- ;\lois,\:'0. Total "'tlt oer- T('st Tulal 1.'111 C;Pl"w'ft',r tun~ tun'C;l'aclp dam, add, mint!· lI:l1.Hh· dalll, add, mLna..w('i~ht ('(In .. \H'i,.dlt (,011":1!!1} lIy tlOIl :I'f,!P Ity 110fllI'n! lPnt 

.Yu. H, Pd. Pri (#lIil.'( Pet Sa. 1.11. l'rt. Pcl. {'"i/,' Pd. 
" I I 1111" la (J 1II... fl.:! l~ ~n 1 JlI\ iii. II ilL!! It fi '2) 7.;1 

\\Pt)\"ily. 
02 1 Ill\" tH.! III... .1 17 '1 1 III\" 1;1.11 11.2 " 2·1 ~.I 

\\tlt'vil} 

.\.1 .hlllIPS(OWI1, ()\\'ill~ (0 til(' I'plutin'h- f(·\\' iIlSt'C'lS, "'lINd I\'Uti 
;';((JI't'd wilholl ( I'll mlgit( ;Oll or IlIrningin jn I'gl' tint! smull Ht ('('1 billH, 
with 01' willlOut L-(lt1)('S, 1'01' us long us 41~ Y{'llI'S without chnngp ill 

lll1' ('0 III !llpl'f'iu I gl'ad(' UJ1(l with n Illinillllllli ItllJOllllt of spo.ilng(', 
(For 'J('sc'l'iplioll of L-IlI\}PS, SP(' p, 57,) 

• 

OrigitUtily 1~ billS of wlll'llt \\'{'1'(' nssignpd tl!-l c]l('('ks III ,Jllll1pStOIl'JI. 

iJut 1)('(,11IISI' (Ill' wllf,tlt ill billS fI!-lSiglWd to otltpl' tl'pntmpJ}(:-; \\'1\:-; Hot 
tl'(lu!{'c1, 70 hins tll'!' dis('uss!'d bpI'p. Tlit'H!, 70 iJins \\'('1'(' f111"d during 
.rul~· I D41 with l'ithC'I' Dn"', XorthpJ'1l Sprillg 01' Hanl .\111/)('1' DIII'um 
,dlpnt. ~I()st of [II(' \"'wIIl in llll' iJi.ll!-l gt'ndl'd So, 2 and So. :3 wit,1I 
HOlll{' So, 1 lind Xo, 4 (tullie' 20). '1'1)(' ll1oislur(' ('ontplltHn'l'llg<,d 
12,5 P<'1.'('(,11t. 'I'h(' {intll u\,Pl'ngp grud(' HHlllIJI{' frolll (.\\(··S(1 billS \\,:lS 
tnk('ll during' F('bl'llnr'~' 1044 nrt('r ~12 ~n'llrs of Hlor'ug{', .\It.llollgh 
til(' ",hc'at I'pmniu!'d ill ;.;torugc' from ;):~ to 4 ~2 YNII'S, (JJlI~' sUI'fuel' und 
spot. tiump1PH \\,(,1'('. I ilkI')) urlC'I' .I"P\)]'Ulll'.\' 1\)44. 

Tht' a\"p.I'ug(' gr'uc!l' of til!' \\'11('111111 titps(' him; tnk('J) dllring F('i.Jrllll.l',Y 
:I 944, nrkr' ~1~ yen],H of stoJ'ug(', IVUS til{' BUill(' us \\"])('11 fil'Ht pLnc'pd in 
storngp in nil ('x('ppt (j of th(, iO iJillS, In:i oJ til(' fl binH, til(' \dll'Ut 
lIud n 10\\'PI' OI.'lIig.II(·]' gl'n<i!' byl nUIll\)PI', ow.ing to n Hm.ull !'\Iilngp .in 
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c,..,TAUl,N 20,-Jnilial and final average gl'(lf/c1! of witcnt S{OI'I'r1 Im/rca/rd anrl 1I11.rli~III1'I}f(1 in J,/,IO-illlsilcl !Old 1,OOO-lmshel bins at .J a·1/1c.~IOWll 
~ 

8{z(', t1">"ril'tlOtl, mill hln So, 
th'Hh~ I 

Inlllnl" h!':!l sluupl,', J\ll~' LUll 

T,'~I ;\101<1111'1' Tutnl V,li 
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nKi:\ 57.2 12.11 .11 22.:1 \~).S 07.2 ' J2.~ ) .n,AYl'rngr I... {HAD 5n.S 12~ 7 1.8 H). II 8(\. n fin. ti la. I 1.0 

I nXB=l)t1J'k XOl'tlW)'U I~Jlring: IlAJ)=lInrd Arnh(,(' »111'0111; ~=StuUphl. 

tWIII'llt conlllilling from 3· 10 G'\I~n'<'n( <lo('ktl):<'. 
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test weight, easily attributed to sampling yariation. The sixth bin, 
however, was "weevily" and gnlCled Sample beea:use or It. m~usty odor. 
This bin and f:i ot,hers that still maintained. their initial gl'lld(' were 
rmptied at till' end of ayears. 

Tlw ]Nlla.ining 5a bins \n'rp held in storuge Jor Hll nddi tional 7~ to 
112 yeurs, or a totul 01' a;~ to 4% yC'UJ's of storage.. Xo hl'llting O('cUITl'd 
:in all.\" of tlH'S(, billS during st.orage', bu t S1.I1'JI1(,(, daJllage o('('uJ'J"('(L in n 
f('\\" as it l'e'sult of i1J('rt'uses in surfutt' moisturr. 

During Oeto]wl' H)44 , aJter al :; y('flrS of stOI'H!!('. llJ(' top 20 inclws oJ 
Hl(' wh('at was sumpll'd for an ofI:ieial gradt'. The \\'JH'at 1ll'llJ' the' 
grain 8111'1'11('(' in lS of the Ga billS gradc'd Sampll' O\\'i1lg to a musty 
odor. Bins hayjng SOI11<.' \dll'al grueling SnmpJt. indud(ld :~5 (wrcent 
of the' 2,740-bush('1 bins with J10 L-tulws fillpd \\'itlt Dnrk XortJH'J'll 
Spring wheat and 48 pr'J'{'pnt of thO!w filkd \\'itl! Hnrd ~\.mbt'r Dllrum 
WhPilt and aa (X'J'('cnt of thp 2.740-hus!J('1 billS wi tit solid L-t ulws 1:j 

HUrd \\"itb Dlu'k XortiU'rIl Spring find 50 (Wl'('Pllt of thosp filkd \\"ith 
J-lfi1'd Amlw1' D1I1'1I1)1. XOllP of til(' surf!l(,p \\'itl'!li in till' 2.740-huslH'1 
bins ('((niPIX'd \\-itlt p('rforntpd nwtnl L-tul)('" or in titt' [,,"pln' ] ,000­
hllS\tt'l bins grn.d(·(L S!unph'. 

T11t' n,Y('rnge lllOlstUJ'(' ('Ol1tellt of tIl(' surf:H'(' wlwnt gnldillg Sample 
""US 14..0 l)('l'('l'nt in Fpbnliu'.\' J 944. as ('oIllIWI'PI! to UI(' HY('rn.gl' 
moistu.l'(· ('ontput of 1:3.4 j)('l'l'('J1[ ill [II(' surJil.(,l' wh('ut of similn.r billS 
grading I)('Uer thnn Sumph'. Tot:li d:unagl' ill til(, ;)lunpil' grnde 
wlwflt an'rag('d 12.0 ppJ'(,l'nt as ('omparptl to flll lIY('J'ng(' of :3.(; peJ'(,pnt 
in suda('(' ",/tl'at gmdillg i>l'Uel' thnn Snmph' . FIlt Heidit.,>, 01' the 
Snmple grtldl' \\-\tl'at an'ragpel :38 units, as ('ompnn'd to nn nn'rage 
or 31. unit;:;. (}prminntioll of tite' Sumpl(' graci(' whpat :lY('I'agl'd aD 
p<'J'tpnt as ('olJlpared to all nn'J'nge' of 47 1H'1'(,pnt in tJlP surfilc(' wh('n.t 
abon' Sumple' grildl'. 

'rJIP 1}l hillS with slIrfu('l' \dlPU.t grading SUJUp/p tllld 2 o[JW1'S '\"('n' 
l'lllpti('(1 at tIl(' t'J1rl of :3 12 ),('urs of storng<'. ,rJrt'at I)('iow til(' slirfnep 
in n11 thes(' bins was still in good ('Ol1<litio11. TIll' SHlllpl!' gnl<\l' "'hent. 
rl'pn'sPJlting l('ss tilnn 2 ])('l'('('llt of til(' ",.il<'at ill th(· bill, "'U;:; lo('ull'd 
in a dish-slulJwd UJ'(It) dil'f'dly 1)('low till' slIrfn('(' nl· (h(' bill (,(,Jller. It 
splclom ('xt('Il([('d to (hp bill \\'tlUS ilnd WllS uSlialh' 1('ss than 21; Jl'l't 
thiek at tll(1 ('('11 t (,I'. Th.is Snmple gmdl' Wh('Ht. jl()wp\'('r, ;w/doJ1l 
('ilUS('c/ a JlIOIl('[nJT loss. Jt \Viis mixed "'ilh till' good \\'IIP!t( \\'!JPIl til(' 
bin was (lmp(ied ;111(1 did not lll!ltl'rinHy nJr('ct tl;e gl'nd(, of (.h(' ('Iltirp 
bill oJ w/1!'H.l.

The 4:j l'l'11luinillg bins of \\'Jl('o.t \\'{'I'l' 11(,1<1 ill slo.I'IlI;(' 1'01' tlHotlH'r .n'IU·, 

or for n total of 4 1i Y('IU·S. Whl'flt stlmpl('s tuk{'JI from the top ('('nt('r 
of tJH'S(, billS /)('r01'(' t'llIpt.ying graeJr.d Sam]>I(1 in 4 billS ])('(,lllIS(' of 11 

:lIlust.f odor, but till' top (,(,lliPI' in 20 of thl' bins still gl'Hd.l'(\ tJw Stllll(' 
llS \\-h('11 pllH'pdill storug(' 4l~ ,Y('UI'S purli!'I·. T(ln of llll' hillS lwei Il 

gmd(' lo\n'l' by 011(' Iluml)('r liS ('OIl1PUI'lI<! (0 thl' origillnl grnd('. :\0 
clilf('l'{'l1c'.(' was fOUJld in till' st,orugl' of wil('n (, of diJ]'t'J'('1l (. J)('I'('PI1 t. 
doek.ttg(1 or gl'uel!'s nt ,JUIlH'slo"-1I (tublt, 20). 

11 Aft(']' thL-- "tll<ly wa'" ('Olllpt!'tNi, 1IIl'thod~ W('IP dp\'(']Opl'd for ('Dolin!!: whelll, 
sl1!'ltl'ci ('01'11, and ol hl'), grain" by "low \·('nUtllt.ioll wll('11 :illllo~plH'ril' (pllljll'l'Ht lin' 
j;; lr)\\'('J' t hall tlll' graill lellljJl'rIllul'('. This. IIwl hod is 1I1l1('h lIlon' l'rr('('\in' ill 
jJr('\'Pllli.lIg dpl('riomlioll (linn !Ill' uSP of til(' L-III\)(' d('''(TiI)('d Oil p. 57. 
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No.2. No Treatment Alter Initial Fumilation 

Discussion of this treiltment applies only to wli('at stored at 
Hutrhinson. XO1)e of th(' bills of ,,'heat at Jamesto,nl were fumigated 
for this trentnl('nt. Those bins at JaIl1esto\n1. originally assigllPcl to 
this tJ'eutnwut \\'erp includ~'d in the cheek bins of t1'Putmpnt Xo. 1. 

Tbjl'te(,11 2,740-husht'l st('('l bills and two l.OOO-bllslwl st,('('l hins 
"-('1'(' assigl.1Pd to tr('!LtlU(,l1t Xo. 2. }i'OUl' of the 2,740-buslwl bins were 
('quipped with ('ither solid or perforated metal L-tnbes (table 21). 

}i'in' of tll('se billS were emptied after 1 year and 7 n,ft('r J1~ years. 
'1'''-0 bins \\-P1'(' ]]('ld for :3 ~-pars and 1 for 4 ypal's. Th('se:3 bins, like 
those in tre>at:mPllt· Xo. 1. eontained high-quality wltpat free ofins('('ts 
und with a moistul"(' ('ontput of 11.0 percent or less ,,-hPll p1n(,pd ill 
storage>. There was 110 chunge' in th(' ('omm('l'cin1 gmde of th(· gruin 
while' in storngr under this trea tnl('11 t thn t eUll110t 1)(' n ttl'i bu ted to 
sampling PITOI' (tuhlp 211. X(·it11rr thp size' of the> hill nol.' thp pl'PSPllep 
of L-tubes ll)cJ.'('as('d or clN'J'Pus('(l th(' le>ngth of tlw storuge Iwriod. 
X 0 contiuurd protectin' p{feet "~<1S lJoticC'd from tilt' illi tinl fumigation 
of ('arbon disulI-iclr. 

No.3. Oil Spray on Wheat Surface 

TJ't'utllWllt Xo. :{ ('ollsiS1C'd of alight pumffin oil sprayed 0\"('1' thp 
sU1'fu('p of th(' grain us n pn'n'ntin Jl)l'HsurC'. It wns hopt·(] thut it 
surfacp spa] would prpypnl ins('ctinfC'stntioll for il long p(,l'iod of timp. 
Eight bins of w.lH'at at Hutchinson and :3 at ,Tnn)('slown \\'0r(' S('L nsidp 
[OJ' this trputnWIll. Till' hins nt Hu(('hinson included six 2,740-bushrl 
hins-foul' Y('lltiln.lpd with L-tubt's-und two] .OOO-hushc·1 billS. '1'11(' 
:3 bins nl JanH'sto,,"1l w('n' 2,740-huslt<'1 bins withoutn:'lltilntol's. At 
Hutchinson tl.\(· ",h('nt "'as fumigntt'(] with ('itrbon disu][ic!p as Boon 
as plu('('d in ~tol'ng(' to mnk!> it iiiFwet-J'n'p hdorp tllp first tlpplicution 
of oil sprn:,'. 

Tilt' un:;t oil Spl'il~- Ilt Hutchinson wus npplipd during .\"()\-(·mlH'J' 
In41: th(> St'('onrl Ilnd third during ::\ffl.'- and :-1('p(,1111)('1' of In42; und 
the> [ollrth und fifth llpplicutiollS during .fun(· and August of H)4:3 to 
thosp hins of wjll'ul stilll'(,llluining in thp tl'Plltn1C'Ill. Only 011(' nppli­
cation of oil was sprll.\'('d on t 11(' whput surfa(,(· of till' ,TnIllPsl(J\\"1l bins, 
during JlIl)('. Owing to til(' ]'('Iu ti \"(' laek of ins('ds ill .JanH'sto\\"Jl, 
tl](' (n'nllll('nt WflR discontillu!'d. '1'h(' ('ondition of' til(' wht'llt WIH'll 
rp]PHs('d WIIS tIS good :IS \\'h(,ll pliL(,pd ill storug<'. 

ACt'ol'ding- to t\t(' l"('slIlts f'n)J}) til(> Hutci.lin..qon hillS, applying u film 
of oil to the SU1'1':1('(' of' thp whput to PJ'('Yl'llt inspC'l dumngp WIIS Ilot 
SlI('('('ssf'uL '1'1](, J ,(J()()-!JIIB!rl'l bins J'('mnill('d in ;;torng-p :2 ,'('HI'S, but, 
tIlt',\' WPI'P hNl \'ily inf('Btl'd lllld ('ontnillPd ('onsi<lI'I'u bl(: ins(';'( dn.magl' 
inlo('al nJ'('us ",hpJ) pmptit'd. ~\I()sl of tht' 2,74()-IHlshpl billS J'('muilwd 
in stoJ'ng-(' H.n lIddiliol1ul Ii months lIJ](iPl' this (1'('ir(IlWlIl b('fol'l' it \\'ns 
npc(·ssnr.\' to fnmigat!', 

Til(> fn iJU/'(' of th(' oil-spl'ny tn'u tJllPllt nt 1I ut<'h i nson wus lilJ'g(']y 
att),jbu lnbll' to til!' ('()J](li t ion of til(' \\"111'/1 ( ",Ir('n pltH'pd .ill i.~.t ol'ng('. 
This w]J(lnl. though of good quality. had b('(11l PI'('\dOllS]Y stol'('d in 
[('l'/ninul (>]('vntol's Blld \\"ns inf'('stl'd with ins(,(·ts \\'11(,11 pln('l'lI in 
stol'ng"C>, Although il WtlS fumigated b('forp tlrl' npplil'atioll of tlrp 
oil,it is pl'obuble tllat (lit· f'lIll1ign.tion Irad Hot lH'('Ol)lplislJ('d n 100· 
p('I'(:pnt, kill. Onl,\' (lll(' bill wus im;('('i-f'I'('(' \\"lll'll plHt'pd ill stOl'llgl', 
und (.his bin J'('JllniIWd ill Htol'ag(' :3\:; .F;II'S \\-j(llOlIt dnngt'I'OUH illH(,(·t 



• • 
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1',\111,1': 21.·~ ,\1'1'1"001' lllitial and final II/'(Idc, l(lt acidU!!, /111(/ (/(,l'IlIina/ton onrl it'l/oth of S/(I/'!1flr. jor the iJills oj 'W/Wllt 1:'" Ihl' "/10 It/'almellt oll('/' 
00 

inili(1I/lImiylllion" (II 1I11Ic/!'ilwJI/. 

Inillnl sumpit' I;\innl snlHplo 

~ll~, ,It·$!'rlptlon. IInti hln ,",0. 
I Tl'st ~1()IsIIII't' Towl 1<'111 (1t'1'11l1. '1'1'$1 . ;\lolsl.lll''' 'I'olnl: I·'ui. (h'I'ml­n,.",it· I Omdtl1 
w,'I~hl ('1111 1t'1I 1 dIIlIlU~" :wiclilY Ilntion t \\,I\i~ht (\olltl~nl dUlJlngt~: ncitllts nutioll 

!!,i~tO-hIlSlwl, no L·tu'll,·, SO, JA,. J'el. I'el. t ·"iI.. 1'('1, Ho, /'/'. I'rl. I'd. Cuil,., ~ PI'/' 
[..-2 ... III\\' nn. \I lLlI n. Ii 21 \10. I 11\1' fill.S 11.11 O. ·1 2H 1 72 
1.. :1 lilli' mI.:! 11.2 ,7 27 SIl: 21111' ml.(i 11.0 .a 2S! 71 
6--\ I III\' 110.1 11.:1 1'1 !!;l ill i I III\' m.1 II.(I .2 28 i it 
II-Ill 211W q- , nS.a II. n 2.5 !.!i 7S . 2 III\' liS. I Il.a 't I) :11 75 
II ~ I I 21111' [),"'!.a 11.5 I) n ~,t ill 2 III\' Mtn 11.·1 ~:o .1 7:l 
12 III 21111' 5..~. Ii 11. 5 i'l 22 HO 2 IIII' .1S. (l , 11.·1 2,n 711r)5 I 

~a :II..;? ~ 21111' r.s. ; 11.·1 .11 ~'I lil 2 III\' Mi. 0 ~ It.:! .S tifl 
12 I 21111' m~.s 11.11 211 S:I 2 IIII' 58.a : II.fJ .7 al\ : 50.! 
12-2 21111' fiS.lI II. 7 ., ~a lili a III\' 57." 11.8 t.:I ·111 , all 

2,~~IO-hl1SlH'l, with solid L-Illhl': 
-5-4 I 11 II' till. a 11.7 I.!! 2:1 ,~2 :.\ IIII' llO.7 11 •.:1 1.11 27 71 
6-5_~" . ___ .. ~.~ ._ Lilli' no. L In. II .2 2;J ~2 I IIII' ti~. 0 ; 111.11 .li 25 (111 

2.7·10-1>11511<'1, with \ll,,.romlt'(\ L,tllh,·: 
tl--fi .~~ ~~"""~ 21111' tl."i. n 11.~ .:.! 211 ill : 2 IIII' 58.-1 11 .. 5 . i 22 72 
11-0 ......... ~, IIIII' nO.tl Itl. ;1 .2 22 so i I II\\' liD. 5 10,7 .:1 21 SO 

1,lk'KI-bus1wl, lIn L-Illh,'; 
:HO 2 II \I' 5S.~ II. 2 1.0 -,'J­ Sfil21lW 5S~ :1 11.1 1.0 20 ' i8 
:1-11 21111' :is. 5 11.2 1.0 27 H5 , 2 III\' 5S. [) II. 2 1.11 aD 78I 

IJIW=lInnIWillll'''. 

2 Rtorn~{' WUi.l: diSt'ontillll(ld nt thill' indienh'd I)lIC'HIIS{' or illS(lPt illrpshtiou. 

.3 1"1'111('('. 
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infestation, but this record of storage was no better than similar wheat 

stored in check bins without any type ,)f treatment. 

vYhen the bins at Hutchinson "'el'e emptied, the ('omlD('rcial gmdp 
of the wll('at ,,'as tbe same as when plllced in storngr, 

No, 4, Periodic Fumigation 
Treatment .:\0,4 was dt'signrd to pl'evt'llt inspci inft'stations in the 

stored wheat. The two fumigations in August and Oetol)('r at Hut.ch­
inson were intended to kill the' ins('rts in midsummrr lind again (luring 
late fall to dean the hins for t.he following winter, spring, and earl~­
summer, At first the two fumigations wrH' set for ,June !tnd SppteIll ­
bel', but observations of insec( flights showed tllat a fumigation in late 
summer (August) and in (·n:dy fall (October) W['1'(' Iwtiet' to ]lOld tllc' 
L11festation to a minimum, Owing to the paueity of insects at Jamps­
town, the whNtt ,,-as not fumigated in August for thc' purpose of 
controlling Inseets but rathpl' to study the e(frcis of a fumigant 
containing methyl bl'omidr on the ,-iability of 1.hr wllpat. 

At Hutchinson this treatment includt'd 9 bins-st'vrn 2,740-bushel 
bins nncl two] ,OOO-bushd bins, Four of the 2,740-busl1Pl bins wc're 
equipped with L-tubrs, TIl(' bins were fillp<\ during JUIU' 1941 witll 
wheat of 11,1- t,o 11.9-per('ent moistuJ'(', Some of this wlH'at I'pmained 
in storage for .5 years and nOLl(' kss than ;3 ,n'al'S, 

• 

This treatment of (·wo regular nnnual Jumigations (lul'ing August 
and Octob('r kept the wheat 1'I't'e of insects in nH c'xcept one 2,740­
bushel bin with L-tube, Ruimmtrr lcakage through tile I'oof und 
wall on tht, south sidt' in this bin ('uused an are3. of spoilpcl wheat that 
becume infested wilh insects, 'rhey sUl'vind tilt' fumigations in this 
wettNl grain, At the end of ;~ years' storage, ruinwiltt'r leakagl', in­
sect damage, and hrating in this bin callsN! ] 50 bushels of spoiled OJ' 

partly damaged wheat, The final average prohl' sumph' of whC'at 
from this bin was Sumple grudr because of objeetionabl(' orior, How­
ew'l', excppt for the spoiled portion I httt u.ppal't'ntly im pal'ted till' 
objpetionilble odol' in til(' finnl sample, the whe'at in tbe bill "'liS still 
in good conditioll. 

,Ylwat in Oil(' othel' bin stol't'd undc'l' this tl't'atnwnt graded Sample, 
owing to fl, bad odor at I,he ('Del of 4 ~'('ars of storagc', This whc'at wns 
in 011e of the' two l-OOO-hushel billS induded in this s(']'ips, Tht'soul' 
odor of til(' final sample was ('allsed h~- .50 bushc,ls of spoil('(l ",he'at 
found Oil Ihe bill floor \\'1I('.I'P \\'atpr hild lPakPd through tll(' waH and 
floor-wnll joints, Ex('C'pt Jor this spoiled arpa, thl' rc'st of the' wheat 
in the bin wus in. good eOllcLition, Tns('('ts did not ('uus(' any nppr('ci­
able damage in this spoilt'd arpa, 

,VheitL in 2 0(11(,1' /)illS-OI1(' 1,000-hushpl hin and OIl(' 2,740-busll('1 
hin-dropp('(l from gm<il' 2 H,V to :3 lnV uftt'!' 5 ,\'l'/U'S of sfornge 
(table 22). .\'"oti('C'abh' dUUlgC'S O('(,lIITC'd in tht' gC'l'mination of til(' 
whent whilp st01'(,<I IIllde'l' this (,]'('11tl11('lIt. The Ilumlw)' of fumigations 
itIld tilp kind of fumigants usc'd fll'P gin'Jl as tile' J'('IIS0Ilfl 1'0)' the 10"­
final germination Jw/'t:c'nlages, 

• 
Ppriod i(' bmigittioll was foulld (·0 1)(' nil ('(I'('('(i VP 11)(,( Itod fo/' pro­

tecting wJlen.t against insee! damngp UIl(il'I' clirnu.ti(' ('onditioll8 sll('h 
as at Bu teh inson, l'nelt·), this (1'('ntIll('1l ( whc'at rpmaint'd in flioragc' 
fol' a long pt'J'iod witlt the' minimum of inspeL dnllln.gc', Dnmngc' thnL 
o('cUI'J'e'd was mostly from wall'/' IpII kng<" Ex(,ppL fM til(' 2,7 40-buslH'1 
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bin that contained spoilage ancl insects, none of the bins in this 
tr.eatment showed any signs of heating. 

No.5. Turning in Cold Weather 

Treatment No.5 was included in the tests, because ttu"ning grain •at regular intervals is a practice followed quite generally by country 
and terminal elrwatol"s. to maintain the good cOllciition of grain. 
Under farm storage conclit,ions, benefits migb t be derived if the wheat 
were tmned cluring colcl weather for the purpose of breaking up 
high-moisture areas in the bin, lowering the tempera.tUJ'Cs at the center 
of the bin, and breaking up any colonies of insee-ts p1"('sent. In addi­
tion, turuing prCS('llts an opportunity to remoy(, any spoiled port.ions 
that might have developed dming the storage period and to repair any 
leaks in the bins. 

To determine the merits of tlu'ning wheat clUJ'jng cold weather in 
farm-type storage,10 bins of whea{·. at Hutchinson and 8 at James­
town were assigned to Hus treatment. At Hutchinson seven 2,740­
bushel bins, two ] ,OOO-bushel bins, and one 4,100-bushel bin were 
used, Two of the 2,740-bushel bins contained a solid L-tube and two 
a periol'H,tecl L··Lube. A.t In,nll'stowll s1.." 2,740~bushel and two 1,000­
bushel bins were used. These did not c0ntn.ill L-tubes. 

These bins were filled dlu'ing June and July 1941 ·with 1940 wheat 
f;hat had been stored in terminal elevators. Because of the weevily 
condition of the Hutchinson ,dlCn.t, it was fumigatpd immediately 
to hnyc it insect-frec at the beginning of the tests. The initial and 
final bin avernge wheat gradc', fat acidity, and genni.nation fol' each 
bin stored uncle]" tllis tl'eatnlPnt al'(' giV(>ll in table 2:3. 

Turning ,dlcat in cold ,nather consisted ll1c'1"('iy 01' transferring 
the wheat. from one bin to another (fig. 9), b)~ means of a farm elevatoL' 
equippC'd with an augcl' tlttachment fot' mO\~ing the grain fl'om the 
ccnter and far side of a bin to till' eh'vato.I' hoppeI'. 

"; 

FrauuJ; !).-TmnsfCI'J"ing grain fl'olll bin to bin. 



• .; • 

'l'A m,E 22.-.t!verage initial and ji1wl grade, fat acidity, a-1/.d ger1ll1:naUon ond length of slol'llgr for /I'in$ of wheal tl'('aiecl by "scmi(l,nnu(I,l !umigaI1:0n" 

Ilt Illltchinson 

,0 " -
.. ;II~~;; ~l~~):'--"-----~~------'-~I'-" '--I---'-'-·--'--'.... -'-~I Slllllplll 


Size, drcri.p,lion, nut! Il-'--"---~-';"---"--.-1-'---'..-----.."-- LC~fth ----;-----,. - 1 I 

lin No. , ,I 'J'c!<t ~ioisluro' \)o('k- 'I'olnl \ Fnt. ! (1erIlH· storngo I . i 'I'est Moisture Dock- '\'ol.nl ~'"t Gormi·
(.rnLl~ tWeight! ('onlom I ngo j clnmngC, n('idity: nution I 1 Grode 'i weightl contenL ngo Iliamnge acidity natlott 


2.f.lO·bllShcl, no L-tubc: 1-'-~~---i-~-i- ,'ct.- -1.'-~c;'-I.--;;;-l~~'~;~-'-';~I~ -;':-1-.No.--l~~I-;';-I-;c;'-l--;;:--;;;;-;;;:­
9,1._.__ • _____......___ IIIII' Hll.2: ILl! 0.2. O.ll 20 i8 OlIn\\,- 00. a Il.lf 0.3 O.r. 4~1 0 

]0-:1, •• __ •• ___ •_____ .. _12.1.1.".... 58.0! 11.7.. .:l l .·1 a·1 7fl 5 3 HI\'.. fii.-I, II.R I .:1 I 2.0 H 0 

]\}-2___.. __ ........ _.. _ I :1 11\"-. 5R. 2 II. G i .G , .5 21 SH r, 2 11\1'... 5S.1 I 11.,1 .3 .7 j 3\1 0 


2,740-hllShcl, with solid, . I ! I

L.[ubc' I , , . . ~ 


9-2................. _... ! 211\\'" bU,7 11.3 i .3 I .5 20 80 .I! 2 JIII'... n!l.n i 1I.5! .2' .8 :191 3 

10-3..•••••_.• _. __ ..• \'2111\'. 6S.:I 11.5, .,1 (.) 20 78, "1211\1'_ 58.:11 11.5: 1.0\' .7: o((] 2 ~ 


2,740·bushl:l. whh perfo· , I I 'I 

ruted L·tuhc: I , 1 i j. I 
 ~ !1-3........_•• __ ....... ;2I1\L .,5s.n 11.a' ,7 1.11 2:1: i2 '112fI.W.. _. 58.2 .i 12.0; .1 .il ,15 0 


11-1. ............. ___• '2 11\\,.. . 5KG .11.3 .·1 .2 22! so a S IIIP.,_. 58.2' 12.2! .2 .7 ·18 3 
 ~ 
I,OOO·bushcl. 110 L·tllhc: : ' ; J ! 

2-12................... i 311\\' •• - " 57.2' 11.9 .7 1.r, 24' 7\1 .\ i R HWI. i)7.2, 11.8 I .8 0.0 ·1:3 2 

a-12.. .........._::j21IW.. . 5S·1 11.5 .-1 .7 25 81 5 r 3 IIII'... 57.5 11.~iJ.~L_~~~._~_O ~ 
1 


1 n\\'=]Jllrd Wlnier, ~ 
2 Tn\cc. 
3 Snmplc ~rnde due to ('lUnmrl'l'j,ll\r fJl'j('('tionnhh.\ foreign mlm" gj 
• Smuple grndc due t (l ~our odor. ~ 

@ 

~ 

http:Dock-'\'ol.nl


• • 

• TARLE 23.-JlIitia/ and final grade, fa/. (lcidlly, and qC1"1Ilhwlion Mid /rnglh of slOl"apc of whcal..~lorrd 7:n Ihe "turm'ng jn cold weatlier" treatment t'3 
at 1I11tchn,~on (mil .r(1'II11J.~lo1l'n: turned W Jan1lary It)42 

NI' II It'I'C II IXStlN 

~ 
1111IInl ~nrnl~a _,. _. _ ... -' ~~~lIgl~!·~~._~'_= .--"-'-;;lll;=:~)le

f!i1.l\ d~srriJlti()u, find 

hill 1\0. I 'I'm )Iol~turc I · I of I I '1--""'-1-l,....---,-~


Orndl.' J D()('k· 'I'!llzll I Flit Oerllll· stolngo! '1.1 I 'rest )Ioist.urll DOl'k· '1'0t.1l1 .Fnt Germl· ~ wclgbl ('OUlrll! Il~C j 'lllrnll,::.n(,I~): ,-.:'~:r~'...L~ ... _I_-':(..L._l\l~g~~I_c_o_nt~)~I_Il_ge_. _d_III_.Il_llg_,e _n_c1_1!fLY _1J_"t_l~ ~ 
So. Lb. l'rI. b:jl'el. I'e/. It l'nils: l'r/. I .I·curs i No. i ];/,. ! I'cl. /'cl. I .I'rI. Unit,! Pet.4,loo·bushel, 110 L'luhe, 2 HW 6S.5 12,()

(HI. 0.5 n. 7 ~a 82 I 2 i;; .11\\' j .. ' 57.2 '. 13.0 .' 0.2 10.0 44 J.I 
2,74U·hushcl, IlO L·!ube: I I "I

i-5...... ...... . . I 11\\'•. no. I 11. 2 , .11 .5l 2Il 70 I :l! 2 11\\'.. fII!..I: 11.0: .4 i 1,6 I 371 27 ~ 
S-I............ 2 UII".... [,S, n 11.·1 . "'3
• II 1. il I 28 sn I :l I a 11\1'..... ..' 57, fl Il.Il I .:1 I .5 30 508-5.. "..... . . 2 III\'. (,,1oi.2 11.3 10 1.0 211 ~n I :1 12 Illy...... . 5S.0· lI.a : .2 .,1 28 62 t;a2,740·bushcl, wHh Folid f t I iIAuhe: 

'1 ; ' . i Ii-7 .................. ! 2 1lI\" .. 
I-' 


"S.I Il.·t l-' 
. il I. 2 Ii S5 ' I !·f 2 \I II'" [,g,2 ! 11.2 .8 .8 32 738-6•. _................. 3 lJII' 57.·1 11.3 
.11 2.0.17 Rlj 1~2:2H1r. 50.2111•.11.°/' .813°1 70 ..... 


2,740·bushel, with perlo·! CI> 
rnted L·tube: ! i j i : 

7-S.................... ! 2 JIll'. ,')8.7 . 11.2 17 SO ' 1)2: 2 \III'. 58.2 i ILl I .9 I 37 69S-S....... '''' .. ' 2 1I1L 5S.0 lI.a IS 84 . ]I.~ :1 1lI1' 57.11 I 11.2! ,II ; ,5.4) 25 7:1 s 
1,OOO·bushcl, 110 "'lUbc: : 

12-11.. . ......... : 2 llll'.. 5S~R 11.3 .4 1.0 25 81 I~ 2111\,. 11.8 .2 i ~·I r 35 28 ?l 
12'12.. ........... 2111\'. f>B.3 11.2 .5 .r. 2tj 80 
 112; 2 JIll'. 12.0 40 1 35.7 i ~.3 j \;; 

t;:j 
tt1A'I' JA~IES'1'()I\'X !'3 

2,740·bIlShcl, 110 L·(ubc; o 
>:j3 l)X;; ..... . 55.3 12,,) ~ l.a 0.9 22 87 3 i a DXS •.•• 55.4 j 12.a1(~7:~::~~ 1,8 0.7 28 77:l liXS ....... . [)6.1 J2.(i~ .:4 
 .2 22 \1·1 3 a DXS....... . 56.1 I 12.5 .·1 1. 2 27 80
K-S ..... 3 DXS....... . 56.3 12.5 . .4 .4 III Ila :I :1 DNS....... . 50.3 ' 12.5 ,·1 .5 23 8U 
g;


L-S_ .. aHAIL nO.a 12.2 .4 10 82 1') .) ::>:I:I.~ a 2J.1AD ..... .. W.S)1-7...... .. 211,1 D .7 .J.n 27 81 ,..,69.S 12.5; • .J ,\. " ~'O 77 : :l ,aUAD.... .. fiO.8 12.ft ~8 5.2 27 74M-S........." .. . 2 llAD 
 GO. I . 12.8 ! .Ii 2,1) IS 81 3 ~ IIAD.._.. .. 00.2 12. Ii 1.1 1.2 24 72I,OOO·bushel, 110 L·tuhe: 8 
0-6................. . 2 DXS 57.3 12.5/ .0 .1 2·t 05 :I : 2 J),""S ..... .. 5i.1 12.0 .8 .:1 251 89 ~ H-B.................. 3 DXS 50.7 12, \l •U ,Il 2a 02 
 :l '3 DNtL•••..• , 50.0 12.8 .7 . i 31 SO ~ 

t;:j
I J11\'=.JInnl WInter; [)X~"'Dnrk Xorthern Rprlng; lind 1.1,1 l)", IInnl Amher I)nrum whenl. 

2 S=Snmple gmlle, hcc!luse of sour OIlor• 


• 




43 WHEAT S'fORAGE RESEARCH 

The time required for 2 men to complete tb(' tUl'ning of a. bin of 

• 
wheat depenciC:'cl upon til(' sizE' 01' tllr bin and the rllSE' in sf'tUng up 
and taking down thE' equipmrnt. Ol'duuu'iJ,v, J ,OOO-buslwi bins were 
tW'uE'cl in 4 how's, A 2,740-busl1l'1 bin .l'('Cjuil'rd itbout 7 .hoUl's and a 
4,lOO-bushd bin about JO}; hOlll'S, In thest' tpsls thl' whellt was 
mo\~('(1 at thc' aYl'l'Uge rate of 470 I)ushds pPJ' hour, Tests with sm!'lll 
pieces of wood indicated tila.t thl' whcnt was in t hl' elC'\'a tOJ' approxi­
mately 14 s('('ouds, 

The original PlU'POSE'S of tuming W('I'P a('eomplish('d, but thPi]' 
beueJits to longtinw storag(' of low-llloistul'(' C'ontput wheat al'(, of 
qu('stionablC' yalul', 

Turning tilt' ,,"heaL dicllo\\,e]' the \\'lleal tt'mpeJ'alul'(,s ill lIH' ('('nlp1 

of the bin (tabit, 24), '1'1)(' (,(,Ilter tell1Jwl'Ut un' in the 4,100-bushel 
bin was 10wPI'Pcl 17° F. j in till' 2,740-bushd bins without L-tubes 
100 to 22 0, and in the 1,OOO-bushel bins 7° to 1,5°, TIJ(' ('O'ect of 
turning 011 th(' t('mppriltuJ'(,S ohdH'nl in lilt' (,(,Ilt('l' of bins with L-tub('s 
was slight. J)o\\'c'I'ing the ('('nlpJ' tc'mpl'.mlul'('s \\'as the J'('i:;uJt of Inix­
iug thp wlH'nt whil(' turning and exposing it to ('old nil', 1Io,,'p\'er, 
within a fp\\" .Dlonths thp ('('nter \\'11pl1.t tNnperatuJ'es .in tht' turlled 
bins WPl'(' Pq ual to tIll' ('pntpI' \\".!l('a 1 (em (H'ratUl'l's in t It(' un turIll'Cl 
bins (fig, 10), 

• 

TIl<' ('f1'E'el of turning OIl Ihe IWCl'ngp wheat t('mpenltures in the bins 
dC'Pl'lldCll ('ollsidembl}' npon the ('ol1(\i tiOllS HIlliN \\'hich tJlP wlwat 
was turned (table 24). l'udt'l' the tnrning couditions nt Hutehillson 
nncl Jalllestown thp tl\'PI'ngp wheat kOljwratu]'es \\"('1'(' Jo\\"el'pcl from 1° 
to 10° F, in 13 bins, but wJwat it'mpel'ntul.'ps 1'OS(, from 10 to 10° during 
turning in 5 bins, beC'tUlSl' the' t ul'ning was dO]1(' wbile tilt' nil' tC'mpl'nl' 
LUl'r wns 11 ighrr tlUlll til(' O\'PI'ugP \\'hpnL tpm (wI'at UJ'f'. 

'1'urnillg wlH'tLt WtlS nn (·{fp(,tin' llwans of bl'enking up tilt' moist,ul'e 
accun1uhllion in tllt' sudn.c'(' grain, TUrIlil1g Wt1S also dl:e('(i\'p IJll1)ix.:. 
ing small aJ1101I n ts of dHIll p wllt'at. wilh th(' dri('r portion if, originally, 
the bin \\"HS not CiUed tlu'ou!!ilouL wilh ",Iwat of unifol'lll moislul'P 
conknL. This might hnpPPIl if n hill Wt'rr filled (tiredly from titP 
(~ombiIl(I, 

OM lllming, 110\\"('\'('1', did not .mix tIl(' wIu'at uniformJ.'" Ihroughout 
the bil.l. ('oUlpiell' uniform mixluI'(' wm:, not Qc'('omplished, ns LU(U­
ratl'd by difJ'('l'('IWl'S in moistul'l' conlc'nt of the WJ1('!1.i jn diiJC'rent 
parts or' t h(l grain mnss (lith\(- 24), 'fuming had littlE' ('{('(lct. on the 
averngt' moislul'p ('.Olll("nL Of tItl" 1H bins t ul'l1ed, the ftVPl'Hgc moisture 
conte'IlI in Indy 3 wns ('hunged by (Ui JWfc('nt, or more, 

• 

TU1'lliug \\-J)('nt WitS nIl p{fpC'li\'(' HlPans of bJ'('aking up ins('('( colonies, 
but Lhr ll('( j'('sldl was dc,trilllpntlll h('('.amw Ule inf('statioll WilS ";('11t­

ten'd throughout tl1(' grain. 'rllis IJP('illlH' ('\'idc'Ill a,fLpI' (}I(' firsL 
U,ll'uing a,t Hu [('I1.11ls011. For t btl t J'C'lHiOll, 111(' 1\\'0 l,OOO-buslwl billS 
wjthout, L-tulws and (h(" fOUl' 2,740-huslwl billS wilh L-tubps Wl'l'{' 
dl'OppN] from this tI'pnlllH'lll urt('l' lhi' .fiI'st tUl'lliJlg nnd Wc.'l'(' assigned 
to otlwr [('('ot l )1('I1[S, 'flu' [iJl'('(' 2,740-busllPl HIIe! tiH' OIH' 4,] OO-bushel 
IJi.ns \d I bout L-t II bps at H u lC'h inS()1l nnd nl! [hi' bi ns nl ,Tnn1('stowJl \\'('I'P 
t U l'.1H'd again I II(' foiJowi ng Y<'IlI'. ,,'l]('11I t ('.Ill pel'n t UI'('S nlld. moist Ul'PS 
in binslh'fon' lind uftpI' [II(' s('('oIHI ! llI'llirl,l!. \\'('1'(' Sillli.ial' to t11os(' aln'ady 
reported for till' first (uJ'llillg, TIl(' ins('d popul!l.liom; in tJll' 2,740­
buslwl bins n.L Hutdl.irlSOJl \\'l'L'l' ubout, pqunl to tJIOS(, in ChN'k hillS 
J'crei \ring 'nO ITf'a t!lwn I. 



44 TECHNICAL BULLE'l'JN J 113, U, S, DEPT, OF AGRJCULTURE 

• 


AV ER AG E TEMPERATURES AVERIlGE TEMPERATURES IN COMPARABLE. 
BEFORE TURNING, JANUARY 19 BINS NOT TURNED, JANUARY 19 

:r: 
It: 
o z 

AVERA(?<:: TEMPERATURES 3 DAYS AVER,Il,GE TEMPERATURES IN GOMPARABLE 

AFTER TURNING, JANUARY 27 
 •

BINS NOT TURNED, JANUARY 27 

:t: 

~ :t: 

~ ~ 

z ~ 


en 

AVERAGE TEMPERATURES 9 WEEKS AVERAGE TEMPERATURES IN COMPARABLE 

AFTER TURNING, MARCH 2B BINS NOT TURNED, MARCH 213 

Fwnm 10. \YllPlLt \!'Irl(lPntlurp ill 2,7,1O-lllI~IH'1 bim: without L-tul)('Sc hefof(' 
ILnd af\l'f tllfnill/!. ill .ltLlllllll',v HI'12, ill ('olll(lafisoll w.ith !bo,;p Ilot: IUI'II('d, 
Hut('hin;;()Il. 

• 




45 WHEAT STOllAGE RESEAHCH 
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46 TECHKICAL Bl'LLETL,\ 1113. r. S. DEP1'. OF AGHICFL'l'UHE 

Inseet illf(>sil1tion in tbe 4,lOO-bushp] bin at, Hllt('binsoJ1, hOWl'Y(,l', 

,,-as somC'what mol'{' s(,vC'n'. An aY('rag(> inspct sumph, from this hin 
in Oetob(>1', 9 111011i11s ai"LPt" OlE' first turning, ('ontail1Pc/ 1 w(,(I".il and 
5 bran Iw('tlrs P('l" 1,000 grams. B.Y January th(' lJum bpr of bran 
berth,s had ill('J"('as(,(j to 10. Thp an',mg(' whl'ut LPmlwl"UtuI"(, at t.his 
timp was tlbout '3° F. JJigftC'l" thUll normal. Tilt' maximum !('mJ)('raturr 
011 thC' south side "ons R5°, or about 21 ° ahon' normal. 011(' month 
la(pr, irnmpdiutl'l:v bdo)"(' !urni,ng, tiu' an'J'agp "o]lt-at tplIlJJP.I"ntu.l"(' wus 
10° aho\'(' n01'lllul illld Llll' lllilximUIll on tIl(' south sidp WitS ~lGo, or 42° 
ubon' normnl. 'I'll(' un'mg(' grud(1 and lIloistul"(' ('onlpllt of Ih[l wlwut 
\\"uS til(' sa'l![I ilS th(, yNlr he 1'0/"('. Probing for sampl[ls bdol"l' tJl(' 
Sl'('oJ]d tuming was diffi('ul!, indi("nting (Iwl somp ("akillg had oc('urr(,d. 
'1'11(' s('("ond tuming of this bin of whpnl \\-us dow' 011 Fl'brunry 5, ]fl4:3, 
nnd tilt' out('Olll!' f(,\"Pltlpd lilt, r\l'lril)'('lllnl plrpf"t of turning gl"Uill that 
is Ilpatillg 1)(,(,/1.I1s(' of ])('H\oy insp('( inl'l'stntiol1. .\pPl"OXi'llfltt'I'y HOO 
IJIIshpls of gl'uin "Opl'(' slightly cnk('(l ill this bi.ll. Thl' cO.lulitioJl of tJl(' 
whent bdo/,(' und nflt'r turning- is gin'll .111 tn.hlp 25. 

'1'11(, dp(l'riorn lion oJ tlll' \\'hl'llt storpciin tilt' 4, JOO-hushl'l hill nHe'/, 
turniJJg- is udditional ('viciPIl(,(' thnt turning- wlwnl f/'om one bin to 
tlllotlipr nt n l'utJ1Pr rapid .mt(lin cold \\"(,Htlll'/' is not n satisl'nelo1'.\O 
pm{'[ ie'f'. 

No.6. Fumigating When Necessary 

II is U ('OIllIllOn pnH't i('(' to protect s(o.l"('(/ "'''PH t ngninst in;;('('{ 
diunagp by fum igu tiOIl WIH'IIP\Op/, ('onsid('/'u hl(' Ilum Iw/'s of illSl'('(S iU'P 

fOUlltiill till' whpu L Hl'Il(,('. "fllmigt1lin~ \\"hpl) 1l('('p:3sary" \\"as 
illdu(/pd ill tll!' mHllugPIll('nt studll's nt Hutchillson and ,JallwstO\\Oll. 
In this (I'patnll'nt, th(' ohj('('tin \\"IlS to fllmiga!(' ",1]('1)('\'('[" dang-PI'ous 
insl'!'t populntions d!'nloJ)pdo At .JUIllPS[OWII Ill(' aIJsPII(,(' ofinfl'stu­
tioll mudp il UnIH'('p:,snry to upply till' tl'l'HtnwIlL 

At lIul<'ilillsOJl 24 billS of ",h(,Ht \\"1'1'(' inl'illdl'd in Ihis U·putm('lll. 
'l\nJ of tlH' biJls hud n ('/I Illl d ty of ;i,OO[) huslwls ('/H'1t ; ] I lmd a ('apu('­
it,\' of 2,740 hllshl'ls ('aell: nn!! ;i had U ('Ulhlf'it,\' of I.O()O l)lIsht'ls PH('h, 
OUl' of Ill(' ;").tJOO-hllslll'1 hins lllle! Iwo 01' t.l1l' 2,740-buslH'] hins W('I"(' 

p<juipppd ",ilh solid llIl'tul L-(nl)('s: 1\\:0 .2 740-hushl'l hillS \\0('1"(' 

l'quipIH,d with pl'rfol'nlt'd llH'tul L-(ul}('s. Fin' l)il1S \\"('1"(1 ])11 in [('(I 
whi tp, 

TW(IJlt \0 of til(' bins W('I'I' Iilll'd in Ihl' RlllIlJll('r of \!l4 J ; fOUl' in ,JUIlII­

n!",)' Hl4:r ~lo:;1 hins \\"('1"(' lill(lcl witll good qUllli!.\' ",lwllI grading 
Xo. 2 JJW und Xo. :1 In\". TIII'P(' hillS \\"l'I'(' filll'd \\Oitll low U's!­
\\"iligllt ",Iwnt Wilding Xo. 4 HI\' Hilt! :1 olhpl's \\Oi\1I \\°./1('11.1 ('ontaining­
n high (H'I'('pntng(' 14.2) of dockng-l'. SOI11(1 of (11(' whpnl gl'udl'd 
\\"pl'\Oil.\" \\"1]('11 pl!i('I'c! ill s[(H'ag-c' ((II hi" 2(j l. 

Of tllC' 24 hillS of \\·Ilpnl nssig-nl'd fo!" SIO!"Ugl' 1Il1dpy this ll'('utml'nt 5 
W('I'(' Inlllsf('J'I"!'d at til(' ('ud of \12 \'(>11!"S (0 tl'Plltm('1l1 Xo. n fOJ" l'urtll(l[" 
S[ lid.\"o . 

• 


• 

• 
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TAl1I,g 25. "'Clwllgc,s -in cO/Hliao'll oj 1l'ilro/ ill till' -1.100-llllshl'l bi-I/. b,!jor(' 1/1111 a/ler tllrnfllO at IllllcMnson, February 5, 1943 

'" '" Hampll' Whl!lIl; WlIIl'l'nlllll'C III hill~ 
-- '-~~IIlIsccts3 

~ '" , \l~I' 1,000­n lh.' SOlin'\.' of S(lllll'll': I Above lIormlll grunt
co, '" I 'fmlll hill (],' ,r '1'\.'$[ ~I,oisl'!rl' ll!lI'k- '1',01111, S[('k .: I'nt I 1'1'0- '-~----. ~alllJllo~llIxl- ' ,\\'PI"

" d, \\'l'i"in "!lHh- lI"I' d,lIl1-, \\'h~llt Odor : llcidlt" II'ill of1 ~ , t lOllS 1:1 11gl- ' ,.!,' mUll) ugtl. I\lnxi.I.A '"l'r. whcnt 

- -I . JmulII :_ II:~~'I_'_ 
So. /;11.. .l'ri. Pel. I'd. Pel. ('1111.1 ! Pel. P./. j 0 p, f • 1-'. I Q F. I • 1-', NlI.mlicr

JIIII.I ••••,.,,, A\Wn~I' 2 Ill\'.. IiS.2 ' 12.0 0.1\ 1.:1 n. K ____ :111 i 12.fi 211 I R5 I (1-1 21 r .. __ 10
f'l'b.ll ,do.. II\P 57,:! 12.0 .5 3.0 1.5' SOIll·,. ___ . -12 12.(\ Ill! 0·1 I UIl! H;... 1(11!)~~ ...... w, ~roIlhnlr. ... ~ <II\\:~ ~~"~i 1~.!)) .7 :~~i I." ,.. qclo IU 1111 ........ ! III, "''''j 2tKI
f 

-1-.-- _do 111\, .•h.S, 13.•1' .n .d>, . do - II .. .1 _... ) __ . .... 210--1""'-- ~ ?lllIr.U 4 ____ .....dO 111\" ['i.O' 1:1.2 ( .n 5.2 2.0' .do .I!) 12.11 

13'.. ___ . . __ tlo III\", 5n.S 1:1.11, .. S.O ... tlo £12 12.H 
 ~ 
~~).... .dl) IIII'. 00.5 : 1:1.:1 .·1 7.'1 , .do fill I 12.0 ~! .. ~H .. ,lg~.j': ~~:ll::.::~~:ll' __ ...~~~ 
2.5..... __ "\\·~rl\gl' 31111". ,;;.5' 12.\1 .r" 2.·1 ~ O. K. ·I:jf 12. Ii I.i ... ~~I~ .. ~ ..•. _ .. '" .~ ....... ,... I) rn 


.\pr.2il" .do IIII'. 5U.1 1:1.£1 .11' 12.0 SI)IIL .. 511' 12.7 8-1 (lui 8:1' 101221 8
~Inr 15.... • _tlo IlW~ fi7.2 1:1.0 .2 Ill. 0 lI.O, __ do •• I .1-1 : 12,0 o1-1~·._L_·__ j~:.:.:~.::L~_ ~ 

27_~ "'.'" ~ ...... '1'0)12,000 hllslwls W(','n fiinwII 1111(1 l\1t.,\ulH'll lnlu 2smnll(II' him, ·t:m ~nllol1S of ::;('n'l'llillgs Wl\n~ remuVl1d, mostly illscrt"i Itnt! "nOIll'." Whl\HL \\'11.':;: fllmigntl.'d nlld gntdod ~ 
:t IIW uW('t"vily" nft.l\r rtllni~lltion. t:l 

28........._ llellllllning 2,Om huslll'ls rUIIII~al~II. 01'1111,' "ft,,1' fUllIi~l\ti()1I wn5 a IIII'. 
Junu 25~" .... _. \\'11I,.\llt. ~t)ld hl'(,'UllSt1 of high Hwist.un\ irHhl('t'd h~' itlSl'cl infl'$lal ion, whirh pr(~\~enh'd Rurres~rl!l fllmiglltion, ~ 

t:l 
rn

'-~'-"---- ...-----.~----
1 llW=J1l1nl Wlllll'r wh~l1l, 
• Il1dil'ldulIl kCrtll'Is or whent ill which till' gl'l'lII Is dist'lllon'd. illllif'Htlll~ 1\ tlI,.I.1 ()I' dNI'l'lnl'lIit'd ~I'I·III. ~ 
J Illcludes rice WCI)\'lIs, lesser ~rtlill bon'r, 11111. grllln b~CllI's, rell \10111' bl'l'lh'_, long-IWlIlIcd \10111' bN'tlcS. IIl1d SI\\\'-loollll'd gl'lIin hl~etlcs, 
• SlIllIplu or \\'hcnl. lll'r.)l'c tmlling:, @
'11'111'111 WIIS \\,co\·lIy. 
• 'l'op8 illehcs cnkcd. Cllke bl'Okl'lIl11id whl'lIl. rUlllignled \\'ith 12 golluns of cnriJon "isulnlI" MII'I' SlIlIIpll) WI.~ IlIkell. 

T When! fUlIligllll'!1 with S g,lllons of cHI'hon (lisnllidc 11ft "I' 511111pll' \\'IIS !.II!:,'II. 


~ 
.....1 

http:Hwist.un
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T,uJ),], 2Q.--Al'Cfage inilillllllld.lilial grade, fill (lcidiiy, lind g('l"l/Ii'nlltion 1111r11rnglh of s101"1I0e of ll'''clIl. lrea/ell by "fumigating wilen nccessnry" lit 
111lIchi'/l..~o/l 

.. -----.~ ---~-..... - ... -....--.--- .---.. ~ 
lultl"l Sllmlll~ j .l'llInl Sllflllll(~ 

~Il~. !leS('rlptlon, Lellgth; I?(ml- . I •·.. i·-~· r"'~l-'~--l-"---!-~.---)--- ­
111\0 bIn :\0. orlll\(' h Trot ,Molstllra DQl'k· "I'o!nl 1'1\1 Ul'rtlll- : .(~r ,,' gnllons I \ 'rest I ~rolSlllrtll Dock· '1'01111: Vnt Germl. AIll()~n!t 8 

w~lght ('onttmt l\~C '.lnlllllgl) I\rldll,- lllltioll Is(Ulngl . Orndc I"'I'lghl ' contont.' nge dumnge' lIehliwl nllllon of Inse.ct 
o 
~: ~ , , 1 :' i j t damago 

;',OOO·bushel: So. 1.11. -'~--'--'-!~'--:-"-'-l-'--"~JW. Pcl. Pel. l'llil. 1'1'1. l'cat., i l\"II'II/ba I. No. I Lb. I J'd. I Pet. Pet. Units I. Pet. j Bu.
No L·!uhl', r,,12 , ' 2 rl."i.7 12, I 11.,1 0.0 IU Sr. 2'. 5: 2: b8,O I1.a i 0.4'1 1.7 :1Il i 25 150 ~ 
Wllh solhl L·lUh~, : i ' ! I 


ilS :, ,fi
li-IO "" '... 2 12, J .:l III .~s 2l J :1 i 2 5~.;J 12.:1 i ,I i 1.0 i 42!' 28 j 'iO
2,7oJO,hIlSlwl, no L· ~ 

(ubc: , : i I toU-P ..."..... 2 .7 !lUI ,;'1 (Ii 21 ~Il : 41,,' o ! ~ bll.O 11.3 I .0 i 2,0' 30 I 20 : 25 
fj -1O-.'P. "., 2 .u ll, Ii .n tIl 22 .~2 5 1 flO. I II.X' .2; (Il :101 271 o 

IO..J fi"... :2 ~a 1111 .f, II 22 ,I',: 7 2 59.0 11.,1 . 5 ' .3 • :17 , 2·1 ' 10
0-,\,., .,,", 3 ~7 iLlI .S 1.2 211 ~~ ! 11'1: :1 a 57.0 12.11 .R: 1.2: a5 i 7;11.--. ­ ~ J0-5 it _,,,_ ;l ~7 Il.~ .,1 2.11 27 so' 11 ~, 2 2 fhq.2. 11.2 .7' .S I :18: 02,•••• ____ _ 8IhP ..•" 3 ~H I L-I ·1.;1 .!i 2\1 SI I 21; 5j' 2 50,2' 11.0: ·1.·1 1.5 :lll. 201 >.i5
12·:1;•••_ :1 ~7 ILIl -1.2 .n 20 -8 21.) 2 • ~,57.S 10,5' ·I.a J..l aa: a7, 0 Z
]')--5 .. ~, ~2 10,11 -J,2 .2 2S ~I I 21 ~ 2 2' iiS. I 10.0 :1.11 : L 5 :l2 i 27 i 0il~{i\l\... :.:... ~ ,!) ill : 11 ~; f-'~2 11. 1.7 27 2 D,LX 12.) .0 : 1.0 ·11I t fiR :.......... 
n.,~. ..... .1 aft 11.·1 .7 .4 211 ~l ) JI~ 2 O,I.S II.H .0 .Il 30i 115: ... _ .•• __ f-' 

f-'nos' .",.'". . ,I a4 llil .S .,1 2S .'12 P:.t 2 65.0 11.5 1.2 .·1 as· 72, ••_. __ •• 
~2,ToJQ·hushel, no L. 

Lube, pnlntcd
white; ~ 11-9.... 2 "So 3 )J..t .n a. ,; ~2 .~2 :1 1 

" I: 57, ; II.n. .3 2.0 32 flO

12·8.... , .• .• 6..'-:,2 1\ Ii .S 2.6 23 IS: at:! 0 5S.5 11.!J .,1 ·1.0 :Ia (Ill ~ 
2, .40·bIlShc), wit II ' 

solid L·tll!w: t;
II-! ... ' bS 9 1t.5 .r. .!l -,Q- NI 21) 5 2 58.2 11.7 .1 1.5 33 ,I i 15 
11-,'; ... ,...... 2 5S::i 117 .5 1.2 2ti 73 a , ,I' :1 ' fin.S 12.:i .3 1.5 45 2 1 125 ~ 

2, HO'llllSltcl, wit It I ~ perfornt(',1 L·llIh,': 
0-7- .. 2 5S.2 11.4 .n .·t 20 su :1 :1 :1:1 ! il,. n 12.n LO' 1.0: ·12 5 i 0
IlHL.. :1 il7.U 11.8 .5 .~ 2ti jS :I :1 :1 67. (i 12.2 .:1 ! l'J' ·1,1 II ~ 

1,00I)·hn511('1, no L· 
I

tnhe: " i
a-133,.~,"~ ~..,. 2 [,.,\. i1 11.;1 .·1 (II 2:1 S5 t 11 58.-1 \ 11. a .Ii .0 ·10 Illi 
4·121"...... 3 6T••~ Il.ii .Il 1.5 2~1 711 " ;; 5 1f;7 " ; [.s. () , 11.'1 1.0 1.5 .IS! 18 ! 40 ~ 

I,OQO·hushel, no L· 5
tn bo, pal" ted ,
white: 
 glr'2 _... __ .. _.. _~ .. _~' 2 5S. ,I Il.Ii .f) .2 ~Il ~Jl 2 fiS.~\ 11.0 .7 .S :I!l f 57 i 10.( 

1~2;r. __ ..... " ....... _.. ~~ 2 5S. i' II.; .5 J,(J 2·1 SO, fl \/:\ : f~". 2 11. n .,1 5.1l '111, I I 580 

1-3............... 2 nS.3 lJ,a .[1 1.4 22 So 21 58.0 11.7 .,1 12 01 30 

g

[1 I ·111 ! 

-- ~ 

J AllwhellL is Hnrd Wluler. 6 'J'l1l115fl'rretl to "one IlIIIIUIII rumlg:llion" trenlmellt. 
, Comblncll spoilnge cnnscI) hr moislurl' uccllmlllnliOll :\1111 insl'c[s. 1 WI"'llt of hIgh dockago perCl'IILugo.

'Wl'el'Hr. SCombIned spoilage ~'\lIsed hr Willer I"ukllga unci Insects.

• 'l'.nlcc. I Snl1lpl\' gnl!l~ owing to sOllr odQr. 

I l:illmplc gm()c, owIng I,) mllsty odor. 10 Spoiluge cansed l1lostl)' hy lI'ulCI' lenkugci oilly n lmel} or hlsccl lIul1lugc . 


• 
 .. • 
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The remaining 19 bins were emptied after 2}~ to 5 years of storage. 


• 
The wheat in 9 bins showed changes in the final Dverage grades; the 
wheat in 3 bins changed to Sample grade, b('caus(' of musty or SOUl" 
odors. Presumably thL'se odors came from the portions of water­
spoiled and inseet-damagecl whent found in the billS when emptied, 
sinee the bulk of th(' "'heat was still in good ("ondi tiOD after 4~ to 5 
yeaTs of storage. Six filled "'ith wheat of bord (>rli Ill' grade were changed 
in the numerical grade by one llumber--eitIH'r TIl) or down. Ho\\r­
('Yer, the ('hunges ilre eilsily attributed to prohe slunpling (,ITor. Xo 
greut significante is attueheci to them. 

Inse('t-damuged wheat \\-as found in 11 of UH' 19 hins when emptied. 
Failure to preY('nt eireeLin'ly ins('et damage in t lIese 11 1)i1lS was 
cllused by (1) the original 12.]-p('("cent 1ll0istuJ"(' <'ontE'nt wh('at jll 2 
billS; (2) raim\"iLter leaJmge in 4 bins; (;~) insufJieiE'llt numlwr of fumi­
gations in 2 bins; and (4) improper timing of fumig!ttion of:3 bins. 

The 12.1-perce11t moistur(' content of w11('at in billS 6-12 ond 5-10 
(tablE' 26) was 0.8-perc('nt higlH'r than tlJ(' in-prage moisture of the 
wheat in ill(' otuer billS. Insects tlll·inc! ill this higl!l'r-than-average 
moist Ul"(' COJ) tell t wh('at. li'aiJUl"p to control dfectivd \' inseds in these 
billS was owing to the combination oJ ills(,(·t :l("ti\·it~· and moisture 
flc("umulntion which f01"111(,(] ureas of C'nked und J'otu·d \\'lIcl"1t ·within 
tlw hins that ('ould not he p('lwtrated b.\' tht· fumigating guses. 

• 
Failure t.o preY('llt ins('ct damage in bins ll-;j, 11-5, :3-] 3, tlnd 1-2 

(tuble 2G) was tlU' ("('suIt of spoilage ('[llIsed by rnimmter leitkage 
tlu'ough tl1(' \\-alls iUld roofs of till' biIJs. Insects bceame ('mbedded 
in und 1Il1dt'l" the spoil('d afens and \\-ere safe from the lethal effects 
of tbe Iumignn ts. 

Failure to pl"e\-ent insL'ct clnmnge in 5 of tIl(' 11 bins ill this tl'cat­
m('D t, ho\\-enr, was not enused In- pi thN· the JlloistuJ'l' eon tcnt of the 
WhNlt or by wuter l('almg(' in t1H' hins, but rather by the design of the 
treatment itself. Since this trputnWJlt \\-us drsigm'd for the purpose 
of con trolling n, s('rious infestation ratlJeJ" thiUl l)J·eV('ll ting OlW, Jumi­
gations \\'('rp appli(\d only \\-IH'1l it wns dp('Jl1('d lW('('SSillT, as det('r ­
])1111('<1 Jrom ins('('t counts on proJH' snmplings. -:\s it ,,'as dlfIieLllt to 
('stablish tlU' len-I. of infpstution Jrom prol)(' sn111p1es, fumigations 
\\'('r(' d('lil.y<'cI too long in SOUle ('tlSps. As il l'Psult much inseC't damage 
usuall.\- ocelUT('(l in til(' wllt'nt I)t'fol"(' the appliefltioll of tIll' fUllligants . 

•\.n insuflic-i('nt llumbl'r of fumigant. a}Jplicnt.ioIls to the ,,-heat in 
bins 4"12 und J~:3 ('llilbl(,d ins('ets to do ('ol1sich'rnblc damage. These 
bins of wh('al W(',I"(' ill stonlg(.' 5 yl:'nrs. Eneh j"('(x~i\'('d 5 fllllligatiolls. 
TIll' illSN-ts PYPJltunlly 1)('('lLnw firmly (,stablishecL ill tL crusted arcn. 
of \\-h('at bE'lo\\' til(' stu·fat·(· on the sou tit sid!' in P!l('l! of these billS. 

• 

lmprolwr timing of til(' fumigll.tiOIlS ill billS 9-4, 10-4., {lllel ] 1-4 
rLiso ('l111blt'd jns('ets to do ('onsi(lP,rabh' cLamngp. 'fheat in these 
billS wus in storage' from 2% t.o 4% yrars. The biJ1S \\'efe fumigated. 
nt. till' n.n·rllgp rnU' of twi('(' n. Y('U,l.· , but, tilt' fumign.nts WPJ'(' fl.ppliN.I 
mostly dtiring til(' JIlOn t.hs of S O\'('1l1])('1., D('c('ml)(,l". nlld ,Ja.n UIU·.\', 

following tIl(' period of liNn'.\" ills('et illfpstn Lion thllt oeell rs during the 
incH'ased In,t;e SliIlUIlPJ' nnd pn.rI,' fall. 

_tIl n.Y('rflg<' of J.5 fUlllign t,joJis p('r y('nr of storage wus giWll the 
wJH'at, ('ompnrpd to the' 2 fumigfl.tiolls per year undl'r trcn.tlll('ut 
So. 4. All,V slwingi'i guiJ]N] from fl'wt'f fllrnign,tiolls W('l"e lost by 
jncl"eased insl'ct tlUHlllg(·. 



50 TECHNICAL BULLETIN 1113, U. S. DEPT. OF AGRICULTURE 

At Jamestown, however, only infrequent fumigations are required 
for insect control. In such climates a management practice of fumi­
gating when necessary would appear to be practica.l and advisabl(,. 

Stomge in 'U)hite painted bi1l8.-BillS painted whit(' required fewel" 
fumigations to protect wheat against inseet damage, presumably 
becouse of lower grain t.emperatures. Two of the .5 steel billS painted 
white and used for storing wheat under the treatment of "fumigating 
when necessary" at Hutchinson were 2,740-bushel bins and 3 were 
l,OOO-bushel bins. Kone had L-tubes. '1'11ese bins \\'ere fillc'cl with 
wheat compamble t.o that in the othe1' bins in tlus treatnl('n t. The 
wheat in the two 2,740-bushel bins was in storage 3}~ years. In onc 
of these bins wheat "WOS not fumigated during this })(l1'iod; in the ot])('r 
it was fumigat('(1 oner. Ko heating 01' insect trouble oceurl'('d il1 the 
wheat in these bins. For a similar period of storage, from 3 to 7 
fumigations w('r(' giW'll the wheat storrcl in unpainted bins in this 
series. 

In Ol1e 1,OOO-hushpl bin pn.inte<I white, the \\"1I('at ,,'as stol'('cl for 
5 years without an~y fum.igation and Wll('ll eIllptiNI, onl.\' 4 bushels 
of water-spoiled and insect-damaged \\'hent\\'ere found. 

Stora.ge of high-dockage 1cheaL-,~Ju('h doekage in ,,'Iwat makf'S 
i11se('t ('ontrol hy fumiglttion diIfkult i1nd exp(,llsin·. 'I'hl'e(' bins "'ere 
filled "with WhNlt haying f1 high percentage of do('kugl' (4.2 }le[wnt). 
It ,,'IlS in stoJ':1g(' 2% years befon' it \\'as sold. Jns('ets \\'('1'(' kppt lllH.[CI' 

('ontrol, but the' prps{,JlC'e of so llJu('h doekagf' mnde flunigatiolJ diffieult 
ns \\'('l1:1s (·xpellsive. owing to the gn'ntl." increased dosage's requin'd. 
The doekage nbsorbs lurgc' qual1titips of t.he Jumigilnt llnd pren'nts 
its propel' distri bu tion through tIl(' WlH'iLt. 

Storage of low-gmde wfteat.- Th(, grade of when,t us designat,cd b." 
test w('igh t was not un infiu('ll('ing fnetoI' .. ' TIlJ'('e bius in this tl'cat­
meIl t WP['(' filled \\'i th a low-I ('st-'{(Iight. wheat grading X o. 4. X 0 

UJ1usuul diff"i('ulties \\'('1'(' ('xp('riellced in storing this \\'IH'ut u" com­
pared to wheats of higher grades. 

To summnl'ize, tJl(' prneticp of "fumigating whell J)ecessury" \\'flS 

110t so eJj'('cti\'(' ill controlling insects in the wllPat at Hutehinson ns 
\ms fumignting regulurly during August and Oetob('r, us in trpatnWllt 
Xo. 4. Ho \\rp Vl'I', thjs {r('n,tn1l'nt' was slltisfuctonr in the white 
pointed bins. . 

" No.7 and No.8. Turning, Cleaning, and Fumigating When Necessary 

Ten bjns or wlleuL at H u tcitinson only W('J'(' uS(ld for HI(I (.xJleri­
ments ill witi.ch the tUJ'IlUlg and cleaning of gJ'ftin, with fllld without 
subsrqu(,llt fumigatiol1, ",'('n' test.ed us to ('{ft'etin'JH'ss nnd prndicu­
bilit,\, 1'01' the (,011trol of illSt'(,l: infestation iweI for pl'olonging flip safe 
storage period. TlH' objC'('tin' of these trcatments \\'!\.S to rid the 
wlwat of fOJ'(,ign materiul, dodmg-(', ilnd 1n6('('ts by l'unning it O\'(~r a 

low-cost gmvit.\T-type S('1'('(,11 (figs. I], ] 2, and 1:3) nt it l'atlwl' rnpid 
J'l1te wheJ1cv('l' t1winsed populatioJl wns co.nsid('I'Nl, dungt'rous to 
so.fe stornge. l?iv(' bins W(,l'l' t.o ht' tl'('nted foJ' ins(>('t iuf('stution b.r 
mel'ely tmning-nnd e\palling tll(' \\rheut, and fiy(' by LlJl'lJing nnd 
eleulling Jollowed by fumign.tion. Endl group of fiye bins jnduded 
three 2,740-buslH'1 bins unci. two] ,OOO-hushd billS; ,11011(, had L-tubes. 

• 

• 

• 

http:Stora.ge
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• 

! ,ld IU II I'IlI'I:dIJI' g/':l\II.\-IYlll' (')l':Jninj!; 'l"[<'1'1l ill J){J~llJ!lI1 011 hill. Soli; 

pip" for (';u'l',\illj!; '(·I·('('"jll~' 10 'ad. Ill! g/,Ollllll, 
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1<'.1(: t' Ill, J2. \Yhpat ekanill)!; Sl'reen. 

• 
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/*upper screen).<';".,."I, galv. /)an:llADJe 
clofh 3(J'vvICle ~ *Lower SCre,.-n /k'mcsl. ~reen o

Sicks and erJds ;-"u #/ w.P. ):4
{Jo,,'= ond u/ter'Jcr"""'n

SlIpperiS 1',3- *'/ w.r. 
Lower Scr,z;en sUi>/><u-/s /:-'2·",IVP. 

"Cuf ~es of Z'infen.ab~,J>ermiffi y­cu"""d.scn=n.s n, be -rack.<zd _ ­
of .sides as shoJVn. . . . .y 

'.,.,.L . ­
oI}~t ---­

Defa;1 

• 


F.IGURB J3.-Const:rllction details of whe:tt cie:tllillg screen. t:.l"l 
C/,j 
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• 


-, 

, 
I Dockugl} I Insects pc,' L,OOO'gram sumple 

. 'l'rcut- Iremoved 1 ' 
'Preatmcnt Ilnd bin No.1 I . BlI~, mont per 1,000 i I 


c.wnc,t) dnte' hushels I Before I After Amount , , Iof wheut 'I cleuning ! cleaning I"Cmoved 

-F-lr-st-t-u-rn-h-lg-1-1f1-d-C·-lc-ar-li-nJ;-.:--~--:I-B-1I8-h-el.-l---l fnshels I ",,"'1IIIler 1-;':::---;:;;;;;: 

5-9.•. _................._.........._, .2,74011.2-2:1-421 7.:1 i 7 i 2 71.5 

7-1L .. __ ••• _••.•_•••••.•••....••... .I 2,740 J- 2-43,. •.•..... ; 11 I ·1 li3.7 


1
7-L2... ,.",,,,,._,,•. ,,.•••. __ .••. 1 2,740 2- 1-43 I 2.1 I 1:1 I 2 g.1. 7 

1-14...•.••.•..••••••.....•....•...• 1 1,000 112-~'9-421. 5.2 i !i;;. 5 !J2.4 

1-1L............................i 1,000 12-30-42, 4.1 I IS: ~ 83.4 


t~~::=:=:::=:::=::::::::::::::~:::::l ~: mj t:~~~ i ~t :~ f : gH
:H-l .... ____ ......................... I,O()O 0-20-4:1' 5.8! 4 j 1 75.0 

3-15......................... .,..... 1.000 0- 2-43 I ·1.2 I 25 I 5 SO.O 


Second turning anti clean in~: ~ 1 1 1 

5-0 .••_................... __ . . 2,740 I 9- !l-I:l ! 1.5 Ifll 1 ua.s 

7-1L ................ ,... 2,741l1 fI- IH:I \.... ! ao i 11 /i3.4 
 .. ;7-12..•....•....••.•"" '.'" 2,7·10 I 0-1:1-4:1 - :U i 12 \ 2 S:I. .[

1-14.. ........... "...... 1,000 _ 8-30-la I !.fi :1I I 20 :15.5 

L-1L........................ L,OOO I s-aO-I:l J 1.0 I 28. a 80.3 

5-7 ........______•..•• ____ .•. 2,740 I ('J 1__ • _____ ··,····_·_···1..... _.. _.,. __ .. . 

5-8 .•••••.••••. __ •.•••.•.• _....... _. 2,7,[0 I \1-la-14 - 2.2 I lla I iii i ·s5.ii 

1j-8••••• __ ••••• '.H. ____ . -__..... 2,i40 ('J '. _...... .1........_.1. ___ ... __ •

1
•.• _ 


a~J,i._ ... ___ oo. ..... - 1,000 I ('J 1'_'" ._ ..1.. _._ ··--:-··-"-· ..1--·-"--··
"0'
:1-16. __ ... _."' ........ _ .•.•• _. __ .. _ J,OOO 0- 7-1-1 2.0 I Ii : a 82.4 


'(,hird turning IlIIIl clclllling: J I 


ml::::;-:-:_-::::-::__:_ ~~] IJt '1::::n;r::~I:-::)I,::m:~, 
:1-J5-.•---~=:.:.:.~~=~=~._=~.:.=.:...J. _.~I)()OL~-iiH5 I 1,.5 i..·- ~~-l ---.0·.-.-JoI • 

I ~rhc flrst 5 hins wore in tho tlll'ning and Clcllllillg SCl'i!!:;. 'Piw )lIst [) in the turning, cleaning, and fumi­
gating series. Insect counts after ciellnlng givoll for till' second suries of bins is beron! tho UPIlilclltion of 
tho fumignnt. 

, 'Pransforred to other studies. 
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'Within a month ort\\-o aftc'r sC'I'N'ning, the wheal in the' ;. billS in 
lhe turning UJlcl cleaning tl'CalmC'llt wus infC'stNI with un inseet pOPllla­
tioll too high for safe storage, wbilt' lhC' 5 bins lhn,t WC'I'C' tl'C'atpd by 
tuming and elNLning aucl fllllligating \\'PI'e still free of inseets, 

EoI' turning and cletwing to 1)(' pfrt'ctin in controlling iJlspels in 
stOL'ecl wheat for il long .Iwl'iod of tinH', it wouldl'('quil'C' SP\-PI'al dC'!Ln­
ings euch ,'-Pill', especial1,\- ill dimn.tic al'ens fil\'Ol'ilble to insect d('\-t'iop­
Inpnt. Such p,'adiC'P would be' pl'ohibili\-c' ill eost. 

Wlwn tlU'niJ)g nnd dc'aning is followC'Cl by fUllligltting, the insect 
pO[llLlation can Iw nc'al'ly eliminatt'cl, iUleL it is an (,(Tt'din' l1wans of 
Pl'ot,('ction against ins('cls on-I' n long SlOI'ilg(' pt'l'iod. How('v('1', it is 
no mOl'e ef[pC'li n tluUl fum ignt ion tlloll(' unless till' Wht'ill is "dil'ty" 
01' ('akwl. 'l'lw fin bins assigllc'd to l,hc' tl'('atn1C'nt of tlll'ning, ('Ipall­
ing, and fumigating had to 1)(' tl'l,t1tc'd I'('gulnrly ('I1('h ,HiLI' to pl'('n~nl 
HIP buildup of ins('<'l iufpstntioll, 

No, 9, Regular Annual Fumigation in October 

• 

Aftl'l' 11~ nnl'::; of ohsPITations Oil insN'l infc'sUttioJ) ill billS of \\-hc'at 
at Hutehinson. it wns thought thnl ",lwltt ('ouLdlw stol'l'd in thnt tll'('H 
without SPl'iolls ins('('t tltlmngt' if th(' bins \\"PI'(' fumi!!n.tpd on('p a ,\-PHr 
during {ltl' .l1lonth of Octolwl', Sill(,t' O('(olH'1' is abollt thl' liml' of tll(' 
,nnl' \\-hf'll insP('t populalions l'pMh tlwil' higlwst [pn"s, i{ wns ('Xlwetc'd 
that nn adl'CJUtlll' l\uuigal.iOll at this tilll(' \\-ould kill lh(' insects in 
til(' hins and that tllt' SUb~'il'qll(,llt ('001 nnd ('old WNttlH'l' \\"()uld kt't'p 
tllp bins In'(' o1:ins('('ts until tltt' lWX! SUnUll('I', 

This pl':1('(i('(' of insP('t ('out 1'01 b,'- n. rpguln,' fUlIl.lInl fumi!!alion i.1l 
Octob('1' was tl'iP(1 Oll l-! hins (tnUp 2Rl. Thesp bins had h('('u handlt'd 
PI'(,,-jollsly lInd('r otllPl' tl'('lLtl1lpnts and thl' \\-hpnt had h(,pll. in thPlll 
at IpHst 1 J; Y(,HI'S bdol'P til(' I'pgulal' ilItIlUnl fumigation in 0('(01)('1' was 
I)('glIJ1. 'I'IH','- hnd nll'('udy ['t'l'ufumigalt'd at l('llst 011('(" lllld the wbpnt 
pithpl' had 1)('('11 01' wns wpp\'ih- 1)\' tIl(' tinl(' lh(, tl'('ntml'lH wn::; stu.rt('(1 
in .JallllluT 10.:1,;{. 'l'IH"'p[,ol'l< tlit' (pst \\-as not UI(' same as if unill­
fl's\l'd wl!;'l!! bad 1)('('11 used. 111111 l'alhel' erratic results \\,pl'e obtained, 

:.rost: hins 1'('IlHlint'd and('I' this ll'('I1.lnH'nl 1'01' 1\; YPI1I'S, 4 1'01' as 
long as 212 Y('/lI'S, DUl'ing this [wl'iod til(' insc'c( infc'statious \\"('1'(, no 
!!l't'lll('1.' than in :-;imilill' bins undl'l' tl'l'at111 l'llt, "fumigating wl1('11 
n('(~t'ssnl'Y'" Howt'vl'l', as :-;lto\\-n in LltblC' 28, lhl' "oll('-annultl-fumi­
gillion" pra.ctic(' ,,-as not rif;ol'OllSI? ndhl'I'l'd to, :'ltlll,v of th(,st' bins 
]'('cpin'd as mallY fumigations during t1H'ir ppl'ioci of stol'age ilS SOI11(' 

of (host' in tlH' "fumigat ing-\\-IH'Il-Ill'c('ssltl',V" 1,1'('111. IlH'nL Tlros(' 
bins of wtwat in slorng(' fol' 1'2 '{('Ill'S should hn,,"(' I'('('('i\'('d onl\" I 
fumign,tion ilnd tl1o:-;(' il't stOI'H!!(: f()J' 2\~ :YC'!lI'S should lIil\"!' l'l'('C'in'cl 2, 

TEMPERATURE STUDIES 

• 
T('lll PPI'ttllll'(, of tht' low-lIlois! UI'(' wltl'at st ol'(,d ill till' iJins n1 

H 1I lr'b im;olt and ,J'IlIHpS[OWIl \\'ns tn k('11 pel'iod i(,H.lly in ()I'(l.c'l' to study 
til!' influl'IH'P on ",hpltt t(,1ll1)('I'n.tlll'I'S of diff('I'('nt ('.Iima{ps, or difr(,I'­
('nl hin sill('s, of L-tlllH'';. or bins pll.inl<'d whitP, of hins pninl<'d \\-hilt' 
and /lul'tin.!I,Y shntil'd thl'ough clOSt' gl'ouping, of turning wlH'ut in 
(;uld W(,H Ihl'l'. llnd or ins('('[:-;, 



• • • 

TA JlL}~ 28.---.lvl'rage htltlal and fino/ grade, fat acidit!!, and {/el'milw/ion for bill.~ o.r wheal treated with "'I'I'gu/a1' a7l1wal fumigation in October" g 
at llllichinson 

""'~." -.-... ~", In\lilll snmplo 1 i ,_.. '-I-··~--~"··-· '·--;;;:11 sn:IlPI0 8 

.----~.---, ..__._..1 Lcn~lhll'Umign ,______ -:-______-,.__-;___.--___

Slz~, Ill'scription, nnLl h::l Xo. ' ' i I J I I or "1 ! I I I I 


\ '1'(,s(,' .\Ioistnro i Dock· I '}'otnl Fnl! (lcrmi· i slonlgo lIons ,I '1\'SL ~Iolslurc, Dock. 'I'otnl Fnt Germl. iGmdc , weight: ('ontent i nge j dnmnge ncldi\y I nntion ! 1 Gmdo !w['iglll con!ont I ngo dnmngc, acidity nntlon 

~ 
-2,-;4-0-.b~I-'Sl:-,I-IO-l.~.tu h,,; So. -;;.~'i "~)~~--, l'cl~I·--l-)C/-.-r-{!~II-it.I~.; -l-'~'--: -1-re-ar-S-r"-Y-U1-1I;:;;lil-"\-To-,- --L-:- --]-'c-t'-'I-'-'ct-.- --p-c,-".- --u;-";-/8- --P-C-l.- ~ 

1
1;..3 ........... " •• 2 _ .1\1.6 i 10.7 O.S 0 . .11 :12; Ot): 2~!ij 2 '2 .19.1 11.0 0.4 0.0 a5 30 \l:j
1
6--1 ................ " ..... I tiO.U 11.3 .Ill .2' :lIl l 711 IH, 3 2 59.5 II.\) .3 .8 30 33 

0-.'6 

3 
.................. "... .4. 6-1.8 12.1 .11' l.n i. -10.j 88 i IHi :1; 5 5:1.8 12.. 11' .8 1.0 H 14 ~ 
tl-i~.......... e... ., M.S I1.S .111 .II! all' 65· IHI 21 4 55.8 12.1 .0 1.0 37 30 


6-8 
1
........ ,,,, ...e.. ·1 05.0 11.5 1.2. .·1 ' 3S; 72 .I}1 2' 4 55.5 IL7 .2 .8 :1O 47 ~ 


9-6 Ie....................... :l 57.0 12.0 .8' 1.2, ;15: 7:l j 1;21 '3 57.0 12.3 .5 1.5 30 42 

11}-5 , ....... . ......... 2 i 58.2 11. 2 .7 • H i :18 ; 1\2 ! 1 I '2 58.1 12.1 .3 1. n 38 13 

11-21.................. ' '2· [18." II.a ... ... :18: 70! 2~;, 2 2 58.tI 11.8 .5 1.0 40 40 ~ 

12-1'.................. . 12' IiS.S 11.0 .6 .Ii' :17 I :1·1: 2~1i I '3 57.7 .12.1 .3 .1.5 30 24 
 .....12-21........................ 2' liS 2 , 11.-1 .6 .S ao I 50 2;2) 2 3 57.7 12.3 .3 1.0 48 14


2,HO-busltel, with 501111 L·lubc, . i I I .... ..... .1--1........................... 2, 51U 11.0 i .f> 35: tlS IHi 2 2 59.2 12.0 .5 .5 3,1 53

2,740-busltel, with pcrromtcd· . . I I I I 

L·tub~,.1-5................. 2: 59.0 11.5 I .5 .r. 28 ' 76 H21 21'2 58.4 12.0 .8 .8 37 IH 

~~ 

1,000 bushel, no L-tub,,: '; I 1 I ~ 
12-11...................... [18.:1 11." ! .·1 1.2 :1O 112 IHI 2 3 "7.0 12.0 .2 ........ 30 21
j

~~1.2." .._•._.. ........ '2 .. ~8~__.~~~~., .:1 .8 ·10 i ;)2 .I}!!I 2 3 57.8 ll.a .2 I.n 4;1 15 !Jl 

1:::1 

I Chllng~d to Oelolt"r rumigation rrol1\ "no tn~llment n[l,11' initiol rUllligntion." t'.j
f Wee\·ily. 

J Wltent or low tesl weight. !lins chnngctl 10 Odobl'r fllllliglllion rrom "rllmigllting WIll'lIltrccssllrl'." 
 ~ 
I Only bin Hoor Clllkcd when erected. Chnllged to October fumlgntioll rrom "fumigating when necessary." 

J Floor, wans, IIllll roor [~llk~'d whl'n ~I'~ct'ld. J1ins chnngcd to Oetoher rumignlion rrOIll "no trcntlllent ~rter iniUn! rumlgntion." 
 :; 

~ 

~ 

t'.j 
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\\J::lI~AT STOHAGI~ RESEARCH. 

L-tuhps \\'('1'(' IS-inch tubing Illuclp of either solid 01' perIorn.ted 
llletn.l nUllllug clown the centt'I' of the \\'lH?nJ 1,0 the floM nud U(,l'OSS 

tbe Hoor Lo an opening ill the Plllptying door, Tht' opening at Lh(' 
top of the Lub(' WIlS only n. fpw inehl's abo\'l' thl' sLLrfacl' of the wheat, 

T11p Plll'pOSe of 111('s(' tllbes \\-IlS to ('001 th(' ('.('utc'r of tllP wh('at lllass 
and thus 10\\'('1' tl)(· UY('m~p \\'11(1111 t('lll[)('rl1 t ur(' ('onsidpmbly,14 
('5 [W(, inliy cl U I'jng l hl' \\"in{('r, 

ThN(' W('l'(' two rl'IlS0IlS 1'01' painting bins \\'hil(': \\·hit(, paint 
rd1('e(s 11 highl'r proportion of {lit' soln.t' mel in.tioll than n gnJ nlllizl'd 
llwtal surffH'p and it also hasJa ltigh(lrJl'missidty 1'01' [ong-WH\'l'mdi. 
ntiOJl than n JnPluJ surfuC'(' 11mI ('ools lllorp l'Ilpidly during tilt' ni~ltt 
01' othpl' timp wh('11 \Jot (Ixpospd to suns.hjJl(I, 

",,1wat t('lll[)('mttu'ps W('I'(' tak('u h~r 1ll(,IUlS of H. pol'tnbk pO[('nti­
omptpl' tU1d ilwt'lUo('oupl('s, TIt(' billS\\'itltout L-tulws ('ontllinNI 20 
th('rmo('ouplps and tlt(1 billS \\·itltYL-tub(·sleontllin('d :32, In ~('!1.('I'ilI, 
tlw th('I'mocouplps wP('('!IlI'I'angNlin th(' s[p(11 bins to obtain a nodh­
llnd-soulh aud llll <'ftst-and-w('st ('ross s(,(,tion of thp wilN\.l t('mpPI'­
atur('s, Ol'd.innl'ily this tUTflllg('lllPnt ('ollsist('d of plating th('l'mo­
('oup!r's on flool', al !'('g'u!tu' intP!'Vllls abo\'(' tl.l(' flool' III til(' ('(·nt.('[' of 
tIl<' bin. nnd at <iistnll(,ps of 2 to 4 f(,pl, dpppndiug UpOll Ill(' siz(' of 
tlw hill. from til(' north, south, enst, nnd \\'('st walls, '.I'll(' .iMpl'\'nl 
S()l1('("S abo\'p (itl' flool' l'IUtgl'dfl'Olll 212 to ;') fpC't, nlso dC'l)(Iuding upon 
(hI' sizp of thl' I)ill, This g('IlP!'ul 11ITI~ng('m{'llt of thpl'.ll1oeouplps 
was moclifipd in ('lls('S whpl'c' s()('('inJ ll'lU(WI'llLlIJ'(' I'l'adi.ngs \\,('1't' 

dpsil'pd, 
As o!'iginally pln.1lI1('d, \dll'ul It'Il1(H'I'Htlll'P:' \\'('1'(' to 1w litkC'1l at 

l'('glliar 2-w('('k In[<'I'ntls al lJlI(chinsoll lind monthl,\' III .Jamestown, 
This pliln \\'as ndhpl'('d to f'll.irl,\' w('11 duril1~ H)42, tbp fil'st Y('fil' 01' 
s(orng(', Ltl.lc·l', howP\'pr. (h(' llilloun( of work [[nd shol'tll~(, of Jnl>ol' 
dUl'il1g tll(' Wilt' mad" it 11('('('ssn,'." (0 nhulldo.ll the ol'igillul pInn ulld to 
tIlk(} «'.!.lljWl'l1.tUJ'P J'('tl.dil1~s Ips8 Oft('Il, 

In the' analysis (0 folI 0 \\' , Il 1'('[('1'('1\('(, (0 hin ll.\'pl'u,ge rd('l's to (he 
Ilrilhnwtiral n\'('I'I1~(' of 111t tlH' tPllljWrntur{' I'('n.cii.llgs in fl hill. Th(' 
maximum tpmp(,l'lltUI'(' rdt'I's to th('iligit{'st illdiYidun.1 I'('luling in tl)(l 
bin lInd till' minimulll (PllljWl'IltUn' to tllp Jow('st I'Pu.ding, 

SOURCE OF HEAT 

'I'll(' [(·nl(WrntUI'(· of W\}Pilt ::;tol'('d ill ('onUllCJU rlll'.m-stol'n~(· stn/('­
lurps is influC'nepd 1)\' t,,'o SOUI'('pS or IH'at~l'xt(,l'l1nl llnd iol('I'nit!. 
Tit£' ('xt.('I'IHtl SOlll'('p is 1111.' h£'nt of tlH.' n tmospil('J'(' llnd solul' I'ndintion 
of tlte I'egion \\'h('l'(' til(' hin is Jo('ut('d, '1'h(' in (PI'lltll SOUI'('P is thp 
ltpn{ (lPn·loppd f('olll I"('spimlloll oj' the' w/ten.t, insect a(,tiyi(,\'. mold 
~('ow!/t. or otil('(' hjolo~i('u.l ll.di\'ity, If (lit' w/tpnt IlttS !I J)10isLtIl'p 
cont('n t 1)('10\\' J2 ()(,I'('('llt WllI:ll stol'('d in KitIUmS llnd 1)('10\\' 14 ()(tI'('Nl\ 

in Xo('(h Dakolll, liul(, intpl'nnl ilNt{ is d('Y('[o(wd fl'o/ll l'('spil'lltioll 
ttndmold growth, nnd tll(' only Sl'riOllS illtl'rl11l1 HOUI'('P of il('HI is that 
pJ'odu('('(1 by insc'e[ act ivit ,\', 11 PI\.I p!'odtlt'pd fl'om in:wd Il(·tiyity, 
how!'\'('!', is uSlluIl,\' I{)('ulii,:pt/ and s(lldom alrp('(s till' ('11 t il'p hin or wlwnt 
lInlt"ss s(orl'd fol' It long 1H'J'iod 01' distll!'lwd ilnd l11P('hlllli('u.llr mixpd, 

11 :\ftl'l' lhis :-;ludy \Ill'" ('olllpll'\NI, IIl!'l.hod" W('I'(> d{,\'ploJl,'r1 for ('oolin!!; Whf'llt, 
shf'lI ..d COl'll, and ollH'r graill" hy t<lo\\' \'('1l1 i1atioll \l'hl'll al'mosplU'rir 1.<·IlJlwmtlll't' 
is low(·r thall til<' j.\rain lPIllI)('rtltUJ'(', Thb 1I)('thod i:; nlU('h Inor(' ['Ift'l,th'!' in 
pr(;,l'()Utill); d('l('riomt.loll (hlln lht' lISC' of lhe L-t ul)(' d('scriiJ('d 111'1'<:. 

http:nhulldo.ll
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VVheat is a poor conductor of heat and ('ons('(luPlltly Lhpl"(' is a, wide 
l"n,nge of temperatures within It bin and H, defillite lag bptW('Nl thp 
HNerage whoRL Lempcmture and ttvprRgp nil' temp('J'atuJ'P (figs.]4 • 
and 15). vYbeat tempt'ratun' varin,lions 'within bins nn' illustmkd " 
in figUJ'cs 16, 17, Rnd 18 by n. s('ries ofisollH'l'lllul ('Ul'V('S. Onl.'T lilt' 
north lwei south cross-section iempel'lltlll'c plltit'I'ns nl'C' gin·n for tll(' 
2,740-bushcl bios. 
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•l­
I/) 
<l 
W 

MAR.20,1942 BIN AVERAGE 44.5-F. 

, 

JUNE 23,1942 BIN AVERAGE 71.7· F. SEPT. 10,1942 BIN AVERAGE 812-F. 

:I: 
I ­
::> o 
Vl • 

BIN AVERAGE 4450 F. 

• 
Fwnn: I G.--Whelll t !'lIlpl'ral urI'S ill I.OOO-bm;lwl :';(('('1 bills a( 


H lilt-hinson, .I 942. 


• 
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• 
~ o z D 

MAR.28,1942 BIN AVERAGE 48.1· F. 

• 

OCT. 17, 1942 

• 
40 

MAR.7,1942 

o 

• 
;z 
~ 

AUG.II,1942 

}'W("ltE 18.-Wh('!Lt tCllIperatures in 2,740-bushcl slcel bills with soUd metal 
L-lubcs at Hutchinson, 194.2. 
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ANALYSIS OF WHEAT TEMPERATURE VARIATION 

The LeIllperatur(' of grain in a hill vari('s in cii{f(,l"('llt pads of the bin 
and at different periods during the y0UI.". (fj~~, 14 to ] G), Th0s() 
cliffcrcnc('s hnve an importnnt rp]atioll to lll(' ('oncliti011 of till' ~ril,in 
in difl'ercn t pnrls of tIlt' hin l)(,C'!lus() (J) H bnoI"mul [PllljWl'U tll rl)S un' 
an illdiC'ution of inspet uetivi t.'- nlld of mold growth: (2) i1)5('('( !let ivi (y. 
mold growth, iuC'rense in fn.t uddi ty, drert'use in g-el-millH Lion, J'espil'n­
tion rute, uml oUlt'./' ('hanges .!In) endl. stimulnt('{l b.'- lril:dwl' [em]wrn­
t ures up to a ('('rluin poin t: !lnd (:~) the 1l10n'l1wIlt of moistuf'(' fl'om 
p]ac(' to plaet' w.ithin a bjn of ~f'Uill is lUl'g<'ly til(' l'('sld t of ('Oll\-()('fioll 
{,UJTents that iu'e ~on)rr)('d us to [01'('(' nnd (\il'(,(,tiol1 hy (PlJ)jWl'iltUl'('
(I iJ),Pl'(, 11 ('{'S, 

It was ('omnlon prncticp to obtnin [I'equput {pmpef'UtuIT l'PtHlings 
at 20 fixed poin ts ill hins used IOI' resell I'dl stud ie'S .n t Bu t('hinson, 
This lurge numbpl' of rpHclin~s mnkps nn nnnlysis of tU'N1S of lem}H'J'il­
llu'e similarity possi1>1p, 

A stntislienl stlld~- of [NnpPI'ntUl'P <li(I'(,I'P11('(,5 in :~ (."pieul 2.i40­
hushel billS of \\'hNlt nt Hutchinson wus mudt'. using ](J difTp1'('nl 
rpndings takpu dllrjn~ tJl(' YNU' 1942 at ('neil of (Ll(' 20 Jo('nliolls in til(' 
bins, Thp IlmLiYsis of yurin11('(' Ilwthod wus tiSI'd nnd litp YH1'ilU}{'('S of 
1)in, <IMp, and th<>l'mo('ouplp llH'Hns fo!' lo('ntiolls \\'PI'l' isolntpd Hud 
tpstpd for signiiicnnt diff()J'PIH'('S, Sig-niIi('nnt lIifl'('1'('n('('s \\'('1'(' found 
twt\\-()(,ll bins. hC'tw('('1) dnl!'s. nnd 1>('(WP(,11 lIH'I'J\lO('Ollp]p loe;1(ions us 
11 whole', hut indi\'idllnl tiH'rll10('ouplt)S \\'('1'(' fou/l(1 tlnd ~r{)lIp('d, 
.indudjn~ 2 to 5 ]ocntiolls, which hnd llH'!11l llllllual (P1l1j)('rutlu'C'S thu( 
did not difl'pl' si~J)ifj('untly. Jt \\'US possiblp to p]f\('(' UH' ori~illnl 
lIH'l'mo('ouplps inlo (j such ~1'()t1PB. ('odl n'pI'Psl'llting an 1ll'PU in till' 
hill with n. C\iff('l'('J}( tl\'pl'ngp !11111uul t(,llllWf'Iltlll'(', ;"lol'(,()\'Pl'. hy 
selC'('ting] lo('ation from PHeh gl'oup. til(' itYP.!'ug(' hin (PJIlI)('.!'ntuJ'(' n( 
nny limp could be c\Plpl'milH'd by I'Podings n l (i points ills[pud oJ 20, 
T.IH' ill'PHS l'Ppr'pspn[pc\ by th!' gl'oups nl'(' shown ill figlll'(' 10. The 
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}'HH'R£ 19_--A.reaf; of pqual al'eragr whpui tPIJlJJl'l'I1I.UI'P within bill:';, 

Hutchinson. J942, 
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lllunl)('l's] [020 1'('pn'sPlll [Il!' locations of the' 20 !llpl'1lJ()('ollplp jlllH' ­


• 
lions and thmw C'nC'iJ'dpd tU'P II\(· jun('lions wbidl (':Ill hI' J'('ut! to I£j\"(. 
the {-C'llljH'l'tl [urI' for n s]lP('iJic ill'(':I, Till' hox!'d numhpj's :11'(' :1 Y!'nll£<' 
nnnuni (pmp!'L'utlll'P>' dllrin~ 1\1+2, 

Ju ('xj>Pl'ill1!'lllnl work. J11('nslIl'l'lllplll"; of tt'llI]ll'l'tlIIll'P"; nl thl' (i 
in<licntpd points ~in' subsullltitdly :IS ~()()d I'P/'ord", of HY('l'ng(' !PIIl]l<'I'I1­
turps liS Illl'th(J!'('Jl]('IlIS lit <l1l2fJ poin!:" 

EFFECT OF BIN SIZE 

,nH'ul \!'llIpt'I'nlllJ'p:, I>I'I\\'(,['JI ,.;JlJ:dl ulJd ltu'g" bill:' \ aI',\", hllt tl](, 
tlH]'I'I'PIl('1' j" !'('inti\'!'I,\' :'.IlI:dl aJld h:l:' 110 p:ll'!i('ulHJ' ndnlllt:l~(, foJ' Jllllill ­

ttlillill~ tIl!' <jllillity of :'IOI'Pc/ \\'.IWill. Thl' HYPI':lgP wl!(':tI tl'mj)('rtlllu'p,,; 
ill l,(HHI-hu:,l!pI bill"; lit HIII/'hill:'llll \\I'I'(':F to I: F. high!'l' durintr (1)(. 
('J'jljc'al in,.;p('! j1t'l'iod of .Iuly. _\ugu,.;l. nnd ;';PJl[pmht,j· !lwll lh()~(' ill 
2,740-11II,.:hc'[ :llld 'J.()[J()-buslH'1 hill!" dig. HI. • \ Y('rn~(' "]WlIt (,lll ­
jJ{,I.'atul'I'" ill (hI' 2.I.Hl-hu,.;I!!'1 and ,J.W)[}-IHlSIlt'l llin,.; Jot' thi..; p!'riod 
11'('1'(' a] III 0"; ( idpllti(,tll. _\l!oll( til(' :,alll!' dilrl'l'('I1('(' O('('ul'J'l'd l)('t "'('I'll 
til!' wl.l!'nt {('!lIPPI'utll!'PS ill til!' 1JHIO-hn"hpl llnd 2,/40-hlls]H'j hin,.; :It 
.TnnlC's(O\lIl lJig. ].J' n,..: Ht 111l(('hin,,;oJl. 

• 


TIl(' sJi,!!htl:i' !O\n'I.· wjH'ul tl'llljlPl'Ut U1"('''; ill 1:rJ',!!(' hill"; fHIOI' lal',!!!'I' 

stotH,!!P lInit,.; \I'llI'll tIl(' ohjP('( i,.; to k('('j) thl' 11lIlk of OIl' g:I'nill ns I'()OI 

us ]lossihl!' dlll'ing [Ill' WUJ'J)1!',;t p!'J'iod of th!' ";P,bOll. JIm\"PY!'J'. til<' 

disudnUltn,!!t' of Jnr,!!!'!' hill"; i,.: til!' lli~ll!'r wlH'tl! t!'Ill]ll'I'UtUI'P mniJl­

tail.l!'(] durill" thl' (,oldp..;l "'1'[bOIl of [11(' n'!ll' Wlll'll low \I'JHjl!'l'l!tlll'p,,; 


arl' dt,,;jr<'d r;;r killing ill"pl'{". \nH':lt in'tlll' ";lwtllp/'l,O(Jo-llllsl!pj hillS 


hud HlI UIPI'll,!!t' tI'Jll(;!'l'utlll'('~' 10 :-," F. )o\\('rdul'illg tIll' wjlJ!f'l' Jllonl 11" 

thun till' :.!,/4(]··11l1"lu'l hillS ttt HI1!dlilhOll alld a..; IJlllc'l! ll": 14; j(l\rI'J' at 

.IUJllC'..;!O\\1I tIlg:,..:, 1·1 nud 1:;1.•~t 1I11(chiJbOll lil(' llYt'I':r~(' \\'lllI(')' 

\dJi'Ht It'fIIpt'I'Hllll'I' ill till' 2.i,HI-bll ...11I'1 bill': \\:1..;.) (0 In .10\\ PI' Illllll 
in I hp .iJJ()(I-hll-.Il!'1 hin:-;. 

.\JJ (hI' j)in:-; of \\11I'1I( .... (u!'l'd :11 HUII·ililbOIl llnd IlIp l.o(Jo.hll,,!J1'1 
hill.... al .lalllP-.{m\'ll )lIId ~lIrnJllI'J' a\'!'l'n~(' WitI'll I 11'1llJlt'I·tllllJ'I'''' ahoY!' 
ifl F. dHriu:.:- I!ll~fi:.:-... 1:l alit! j.'. .\1 llu(I·ltilhoJl 11\-l'l'll:!t' \\!tt'Ul 

tptHjll'ratOI'!'''' \\1'1'/' a ... hid] 1I"'1" ill tiwIHI'g'('1' ~.I·Hl- nlld ;J.O,')O-blblwl 
bill'" :llld It-. Iri:.:-h :I"':-':! ill Ill!' 1.lIfJll-1Jll,.;!J1'1 bill.... .\ \'t'l'U!!!' \\ la'at 
\1'111111'1'111 111'1 .... ill (hi' l.llfl!!-llll ...III·! hill-- al .iall1t· ... \O\\ II j'('11l'/lt'd I~ ,IllIt 
..;1 a \ I'd :dH)\!' 10 11'...... Ihall H mOlllh . 

• 

•\.\I'I'll!!!' ,\1)('111 tl·JlIjll'l'ullll'l·... illlh(· l.(I()II-i>t1..;bl'l hill"; HI I I II It'ltill"OII 
j't'lll'llt'd III F, 1)\ til!' JlIiddJ,. of ./mH·, fllll\' I Illollth I'lll'll(·!' 1hUll (hI' 

:tVI'l'll!!(' \\ ll!'nl ('PJlllH'mI I O'I''; in IIII' hi!'!!!:\' :2.7111- Hlltl .'.IH){).hll"hl'! 
hin.... :lIul did HoI ('001 I>pl/l\\ I() ('urli!'I' ill tIl!' fall. ('oll";Pljl1t'lllly. 
thl' H\I'l'a;!1' \\111'111 II'Hljlf'ntll1\,t' in lit!' 1.(][}[I-l>lhlu·l bill,.; \\:\..; ahoY/' 
70 I lllOlllll IOI1t!I'I' thull IIIP 1l\('l'H!!1' \\ IIf'Ht \('llljll'l'Ullll'l' ill til!' 
hUW'J' hilh. Tlti~ uddiliorw! 11lIlUtlJ abll\'(' 10 I'" :l11l1>11' lilllt, for 
mlh( i1,~t'('h III pwdw'(' 11Iml hI'/' Ill·(UII!. Hnd 11.; 1\ J'f''''ltil, all (l[}]1'/' 

flldo]'..; lwill;! ('(lUll!. \\ III at ..;llll"l'd ill J .IHHI~bll"'I)('l hith j,.; ll':;lmlly 
WOl'!' lH'!l\ih illf(',..lt'd \\itII il1 .... ('(·I" h\ lull' fall aud ('1\1'h \\illt!'!' thaI! 
IYlll'u! ..;Iort·;' ill lal'!!I'J' lilliI-;. Tid..; '\f'lltiI'IH'\ If) huy!' ht'I1\'ipl' itHP/'t 
il1fp..;tnlioll"; ill IIII' 1,(}(1I1~11l1..;llt,J hill'" orr...!'I"'· til!' bill-,..i;w ndnlJltllt!1' 
1'01' JlI,Ul111uillill;! 10\\1'1' \\jlll('J' II'IIlPP1'UIltrt·... , 

L()!'ld "'pol.; ill Iht' hill .... Jlm\,!'\'!'I·. Ila\!' 1('(JlJlt'J'u!IIt'I''' hh.dl 1'1lOIl;!b 

10 I'Ill'OII1'ngl' ill~f'('( Ii ff' , .....p('/·i:dJ.\ ill 11\1' la)';.!!'I' ,.;i/.I' I,ill", TIJi.; is 
'Ill!' l'I'!"lllt or lilt, 1m':!" \llrillljnli ill \\lIl'HI 11·lllpl'J'llllll·t ..... \\j(hin Ill!' 
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hill;;. Till' clifTpJ"('Jl('('S 1>1'\\\"('('11 {hl' m.lxilllUIII .ll1d llIinilllUlll wll('ut 
tl'Jll])('l'U\un's in u 1.()()(J-1Hlshl'1 hill is fl'Olll (j) to ~!];) F, In till' 
2,i40-IHI:-IIl'I billS Ill!' rlifl'pJ'('IH'l' i" frolll ,;:;. 10 ~,:), :111<1 in tltc' ,i,(){)!1­
bushPl bius. from II C to :Wc . 'I'll(' slIlnII l't' di(r"/'('II(,l' llsu:llh" ()('('urs 
c1url)]~ ~ r1I1'('h tint! ;;('pt PIllIH't, WIll')] tIll' Wlll·,tI ill t h(, bill I;('~ins to 
",at'm or I () ('001 bp('nll,,!' of olll:,id(' ni!'-lpllJ IWI'n(UI'(' ('hnll~(,s. 'I'll!' 
lnl'''!'I' diIrl'I'PIl('P t1stll1lh· O(,('Ul'S durin''" D('('('IIlIH'1' tlnd .):lJ1Utll'\· ,\lHI

.TlIG· nlld Aug-liSt. ~r;lxiIllUIll ,,\t(,Ht ""11'mpPj':llllj'(' ill n bin nin,\' lw 
(l'om :{'> to l;j° nIHl\'(' thl' nq'nlg-<' "'!;"Hl l!'lIljll'I'H1 \[n'. 

TIIP :t\"('ra~(' mllxiltl!ll11 \\'h(,lll t('lIIl)('ratllt'P:' ()('('urrill~ ill th!' 
UHH]-. :?,I"H1-, :Iud ;i,(J(HI-bllsh,,1 hins HI 1I11(('hillsotl dUJ'im! I !l·(~ \\I'I'!' 

oh..:Pl'\'(,cl ill th(· ['plltPI' of Ihl' whp:lt hulk nlJoul t \\"o-tliirds of tltp 
distilll!'(' froJll tit!' floot' IIJl'(JlI(!h th!' wiu!l'!" months. Th" 10\\'1',.;1 
mn::dllllllll tplllp('nlllll'!' oh"prvl·;1 ill Ill!' 1.()()(]-hll:,hPl hin,.; Wtls ..J.s" F.: 
till' IlUlxilltlllll tNlIPl'rulllJ'l' \\:1..: Iwhl\\ ;i.i; [Ot' ;\ j);()lIth.... 'flit' 
lo\\"('sl maximuJll t!'IllI}(·t'Utlll'l' I'('('onlpd for thl' ~.14·(J-bl1..:11I'1 hin..; W(h 

.i] :: tb(' lllaximullI tpllIJlPl'nllll'1' \\:1.,.; IwI(J\\ fill e fo!' ~ llOJlI!t". III 
titP 'I,OO!l-hll:,hl'1 hill":, th!' JlW:xillll1ll1 \\/lI'al (!'IIJ/ll'l':t t111'(' wn-. 11,.\1'1' 
I,...." Ihall fiO', but it \\11" 1H'lm\ Ii.i· ror ~ 1I1011th..:. 

Iii ",h['nl with !1-P!'I'('Pllt llIoj"tlll'P ('olltt'llt 11\(·..:1' tl'm[lf'rtltl11'1''': :11'1' 

Ilot "!lIHltl!·j\(· to ilbl,(·t Iif!'. \\'111'11 tit!' llloj";!Il!'!' ('Olltl'ut i" bpI\\"!'1J 
III HlIll II }J!'l'f't'Ill. "()JIll' of tilt' JlI!lI't' IWl'd,' ill"::!'('! sjll'!'ip,.; I'lill "lIn'in­
ill flw llluxilllllJll IPllljl('!';tllU'(' :tn'us fouud ill Ih[· .i.IHHI-bu:,IH'1 hill .... 
\\"111'11 thl' whl'nl 1ll0i:,t1!rt· l'Ollil'll! is bpt\\!'I'Jl J I :llld I~ !)I'rI'PIlI. 

a)mo..:t all typl''' of ill":("'(": ('llJl ..: II I'Yi VI' ill th!' lllnxilllUIlJ 1l'lllPI'I':ltlll'l' 
tll'PH ill till' .i,tI(J(]-ll1hht'1 bill" nllll H rdnti\"(,ly IUJW' (l1'J'('('llln~{' ('Hn 

....lInin· in tIll' ~.I<lII~bll"Il!'1 hill"_ [11 Wltt'llt \\ itb Jlloj-.lIIn' ('Ulltl'lIt 

lIho\'p I~ {ll'n'plll. JllallY ill'i(·('(,.; !'llll ..;tll'yin· ill th!' I.lll)()-hll..:It!'1 bill":. 
110\\('\'1'1'. if 1111'["1' i~ j\ lH'lln" illfl'stalioll. mall\ of Ihl' ill"l'(,ts (':llI li\'I' 
tlll"01\(!iJ tIl!' wiutl'1' ill tll!'~l' 1,(JlJO-hnsbl'1 H'lId 1:1I'(!!'J' billS 1'\'plI in 
)0\\"('1' IllOistlll'!' ('OtJl!'llt \\ Ill·:)t It j,.; !lot lllllbll:d fot' il1";('I'I" 10 ('(lll­
I'PIIIl'n!!' into IC)('lli HI'f':!" nud rai..:!' tit,· t!'lJIjl£'J'llllll'P by n,.; llllll'h :h 
;J;j F. :lIm\"(' IIII' ]m\(',,1 U\l'rng-1' \\ ll!'at ('mpI'rut 111"(' :lIItl snlTiy!' Ill!' 
\\ In I1'1'. 

EFFECT OF L-TUBES 

'I\\"I-h'p ~,IHl-bll ...ll('1 hillS ut 111ltcllinSOll :lIld ~() :II .fnllll',,(lmll 

\\['1'1- ('quiPIH'd ,\lIb L-tllhl's. ()Il('-Iltdf of thl' hillS had L-tlllH''':: 
('oIlSll'lJl'tt'cl of pl'J'fol'at!'d 1Il1't:d pip£' nllcl till' n's! oj' solid Illl'[ul pipl" 
! :'P(' p . .)1 

TIll' bill" \,ill! tll\)!''' fIluinl:tittl'd :Ill ll\(,l'llg-1' "lll'lIl tI'Jllfll'I'Htlll'!' 
dnrlu(! II\(' \\illll'!' ollIY ,.;Ji(!llIh· Im\['I' than thai itt th!' hillS \\ilhOlll 
til hI''': 'I'll!' lurg'!'''t liilfl'l'Pu('(: 1'('('Oj'dl'd 1)1'1 \\ ('I'll t It£' :I \','rng-p \1Ill'tI I 
tl'lllf)('J'HIIIl"'" ill bill" \dllL and \\ithIl111 luiit',; \\:1": 1 F. at lI11t('hilbUJl. 
Hlld 1 at .IUllll·"(Il\\ n. Thi... dilJ'!'I'PlI('P 1... 11'...." lIntlJ thl' dilrl'J't'Il('1' 
IJP\\\('('11 un'l't1!!f' "twa! It''IlIJl'I'HI1I1'P''' olN'I'\('(1 ill ~,7"ltl-"l/sll!'1 :tlld 
1.1)tHt-bll..:hd bill'" \\ ill! lit) t IIIH·.... .\t J1lI(r·bit ....ll11 l.tHIII-bll,.;j!!,) Ilill'" 
\\j(11 IHI (111)('., /'I'('onll'd H\'I'l'H(!(' "ltl'at tl'lJIpl't·ntlll'l·... II..:: IlJl/('h II" " 

]{)\n'/' tlllln ~_IIII.hll ...ll!"] 1';lh \\lllt JIll (nbl''', .\( ,IUJlIl'stll\\ll till' 
<lilf/'n'llr'I'":I''' 1·1 , 

Dorio(! th,- ... tlIIJIJl!'J· :I\"l'l'llg'!' \\1\(':11 11'1J1jll'l':ttIU'['" ill Ihl' bitJ" \\ilIi 
tnIH'" l'l1l1g'f'd fl'IIJ1j:! F. low!'I' 10 ~c hig-h!'I' thall ill till' bijh \,ilholll 

• 

• 

• 
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tub('s nt Hutchill";OIl, but lh('\' W('l"(' :llmost idpnlie:ll nt .Tam('stm\"ll. 

• 
DUriHg t h(' InlL only II sligh I' dilrpt'Pllf'(' was lIot 1'(1 Iwtw('('11 nY('rnge 
\\,11('nt' tPlllIH'J'(lllll'('s'jn bill's wilh lInd withollt I II 1> ('s. • 

~rtIXi1illlJll wlt!'ut tPfll]JPJ'UltI/'ps in tIl!' hins willi tulJ('s \\'('1'(' as Illllch 
11S J (J0 F. 10\\,('1' durin!! .fallll:lIT tlWll thos!' in th!' hillS ",ithout \lIh!'s. 
Tlds t'(',.;tdl('cl Irom till' 100\"(';'in~ oI Ill!' c'('nt('[' \\'he'nl Il'1lI jl('I'a I 111'1' 

IJl'OllIHl tIl(' tub!'s. On tJll' Olhl'I' hund, lIlini1ll1lm \\'hpnt (PIIlI)('1':11111'l'S 

ill hillS \\'itlt {nb{',,; \\'('!'p ns J.lJll('h as 1-i~ high!'/' (illrin!! Augnst thall Iho:-::(' 
ill Ill!' plnin hins. This \\:lS ('llll";l'd h.\: Ihl' add ilion!)} h('llliJ}g- oJ Illp 
\\'11l'nt fl'Olll tJ.IP c'('nl('J' of Ill£' hin tlu,()tJgh lh!' tulH's, \rhich OrrS('1 Illp 
C'()olill~ ('(1'1'(,\ th!' 11I1H'''; Iwcl Oil (hI' ('pnt!'1' \dwut 1l'IlI[leralIlI'P dlll'ill~ 
IIIP winll'.I' 1ll0l11h,;, . 

~\I Ilu('hinsoJ) t hn,.;!' hill':; t'quip]J(,d ,,-jIlt IWl'f()I'nl('d llll'lal L-t 111)[,,.; 
ICl\\('t,('tl Ill(' {'Plltpl' wh(':tt tC'HlPC'I'Httll'!'" fnstpl' und by nppl'oxim:IIC'V 
J; F. /lIOt'(' lililn Iho,.;!' l'quipp<,d with "o]i(lllll'tnl L-lllllP", .\t .I:I!llC',,­
IOWll hOlh ("pI''': of L-ltlJ)('''> low!'r'pcl til!' c'plltp!, 11'1ll1)('ra[t1J'(,"> :It <thOUI 
Ill(' ,:;;t'll!' nil!'. hut the' jlprr())'<l,(pd L-tulJ(''': lo\\"PI'!'cI. [}WIlI abollt I) 
mon'. Typi('nl \\"Ill'HI tl'llll)('l'al lIl'P pntlpl'lb [01' \\'iIlIPJ', ':;I)I'ill~. 
">tlllUIJI'I',llJlc! full in ~.'W-bll:,hl'I bill"; ,,'illl L-Itll)(',.; HI'P :-::hoWIl In 111(' 
j,:;otlwnmd dUlrt,:; in fi!!IJJ'P 1\, . 

• 

Tho l1~h {lIP ('[r('c'\ c~r L-lnllP"; Oil \r1lt'tlt t !'1ll1Jt'1':llIU'(' Wi!" 110 I far­
r('uc'hill~, "OIll!' hl'J}l'lit wn" j>J'!''';llIIIUbly dl'l'h'pd fl'oJll tIlt' mple! ('(Joling: 
of lhC' \\Il('a( ill {Il!' 1'l'lllpJ' or I lit, bin, .\" ";)IIl\nl 1l1ldl'1' [11<' di";(,tl",,,,joll 
of IJ"l'lItIllI'1l1 \Il, 1 ill [hI' 1ll1\1J;l~('llH'lll ,:;Indlp..; at .rnmp,;lo\\llljl, :1:~I, 
J1J:llly bill"; ('oJltnill('cl ":[lojlng'(' ill lhl' IIpJlPl' :.w itwlw:, (If ~;ilill uft!'!, 
;l!~ ,\(,IlI'''> or..;lol'llg'!'. I I (l\\!'\'!'!'. 1I0llC' of tIl!' ~.I·HJ-htl:-::ltP] hill':; ('Cf ;ipJl('{[ 
wi Ih IWl'font It,d L-llIlH'''; OJ' t hI' I ,(l!)(l-I> 11:-::1 wI hill;; l'Olllll Itll'd ";Iwh 
,,>poi)II~('. PJ'I',:;lllll:lhly tit!' rapid {'(Jolitlg' of tit!' ('c'IlI!'I' whpal ill tit!'''>!' 
hill:' 1'!'d.lIc'pd 11\l' JJloj:-::tlll'(' H('('IIJ11I1!alioll :It titl' ..;lIl'ftl('(' of Ih(, \d\l'llt 

dl';;C'J'illl'd 011 Jlll~(' 1..1. 

EFFECT OF WHITE PAINT ANO OF PARTIAL SHADING 

11l!'ltldp(1 ill (Ilt' ,:;lutIil':' at 1It1(l'itiIlSOll \\'1'1'(' [(',;1:, of Jt)!'titod" til 
k('(,p (lip [pill pPt'H1 UI'l' of til!' gl'aill a:-:: Iowa,.; jlo,;;;iblp durillg tlln 
"till Ull PI'. Puiillillg till' bitl w:lll,.; tllld J'()of whilp to 1'('111'('( till' ..:.1111'" 
11(,1I( \\':\"; (1I1!' "IH'll JllPtlUlt[ ':;(Ilclit'd Il( Ilnl(,hiJl,,;oJl, 

In thl' fulln[ I!l·ll Oll<' 1.(lI)(l-hll"IH'1 ,-;\{,pl hill \\ n,:; paill\('d "hill' to 
ob,.;('I'\·p til!' (·rrl'('\ of llii;; pl'ltc'li('(' !lll ,,1]p:II tplllp!'l·a(t1J'('.:'. .\ ('01\­
..;j(ll'rahl!' J'l'dw'lion ill t!'lJIpI'J'a(u)"(' \\:1"; p11'('c(pd. uIHl Ptldy ill JOt;1 (hl' 
:-::11I(li!',-; \\(.t'(. (,,,tpIlell'd. ']'\\0 addi(iol1al I.fH)(I-bll,:;lIpl bin,.; awl ";('\'I'll 
~.(4()-1l!t,.:11l'1 bjll ... \\ PI'!' jwill(t'd wldll', FOII!'!lf Iht· ;;(,V(,11 Inl'g"t'J' !Jjll;; 

\\1'I'P ~1'()l1l)!'d 1'1,1";1'1,\ In~.!'('11l('1' (0 ;;hndl' till' \\:tll,; ptu'tinll.\, 'I'll(' J'l'­

...,,11,:; ('olllil'!II('d Ih(l:-{' of tiIt' ,\1'111' \Jl'r(JI'I' \\Iil'lIl tI'IllP(,J'lItllJ'('''; "pre 
1(l\\!'I' ill PUillll'd thall ilL llJlpnill((·d ~aIY:l!liz('d bilt..;, 

• 
Paia!t·1! biu" lJluilltnilU'd n )!J\\"('J' :IYl'l'agt' :Iud Iml"l'1' Illll\:illlllJlI \\ IIt'llt 

I ('Ill JWI'at m'l' I ht'l)llgllOllt till' ";1'1\;;011 t/ig. ~();. TI)(· I .rl()()-bll"ltl,l 
pailllt'd bill" h:ld \\hf':tt (PJJlIJl'I':t( 111'(''; t!lnt U\'P!':lg"I't! I"' F. 10\\1'1' tJ1:I11 
Iho...!' jll IlfljluitJtpd l,(J(J!)·!Ju;;IJ(·j hill'; dUI'.inv; ,\lIg'lI:-::t IIl1cl ;-;pp(('ml)('j' 
WIJl'fl \\'!tI·t11 t('IllIH'J'lIllJ1'l'':; ,H'I' till' highp;;\. Paill\t'd :.!.I'l()-lJlI..;iI!'1 
bin..; lwd \dlt'lll It'llljll'rutlJl'p;; that t1\'I'I'n~('(1 nlJ()1I1 ,"i" 1(J\\p), tllllll tltchl' 
jn lllllHlilllt'd bill";. .\IJOIJI th!' -;:lllll' lirrl'l'PIJ('P\\lI;; oIN'I'\('(ll'lll' Ihl' 
muxinlllttl \\111':11 II'1lljll'l·atl.lJ'(·... ill thl' pni!u('(l nncl llllpnillll'd bill" 

http:II'1lljll'l�atl.lJ


66 'l'ECHXICAL BCLLETlX 1113, 'G, S, DEPT, OF AcmC'(;LTCHE 

.IOO!--';---c---:--~--------::----------'---

90---------------~~~~~~~~ • 

• 


}'J tn. rtf; 20.·· . \ nH't1( t r~JIIr)('r:illlJ'(''' ill ,.tl'pl l:ill~ a Jui ail' l('HlI )('J'!tll1J'l'~ at JIIItt'hill~Oll, 
Hl'l:3 alHI l!J J.J. 

PUI'tilll ~hitdiJlg tIl!' biu "'ulls hnd lillle> 01' J10 dJ'l'('t OJl tltt' n "(,J'ng!' :lwl 
JlIaximum WIIl'HI(PJllPt'I':llllJ'(';;, \\'ltput tl'JIlj)('J'lIllll'!'S in tlH' pnrlinlly 
sh!ldpd 2.740-I111she>1 ]Jnill!!'(l bills W('I'(' niJo111 Ih!' SHJ)l(' lis tilt' (('lH­
lWl'tlt'H'ps in til!' otlt!'!' lIHsh:Hl!'d 2.7-1O-l>lIsll(··[ jlnintl'd bins. 

\rJH·!tt. \pm]H'I'nllll'PS jll whill' pniHIPrl hins W('J'(\ still hig]1 I'Jlougl1 (0 • 
support inspct Iil'!' lUld dpV'I.'JopJJlPllt. but th(· lowp!' tl'mp<'J'ntuJ'('s 
)llltintaiJl('d in tbps(' iJins 11!'[ p('(l to ('Oil tJ'ol ins('('[ jJl f('sln I iom. Thp 
lltllnl)('l' of da,'s that tllP "'lIeut WUH ItlW\"(' iO) F. ill the w.ilil!' hillS 
WUS ('OJL<;iil!'J'nh]y ](lSS thml jn tlt(· lInpninlr'([ billS (lnbl!' 2D). 
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TAllLE 29.-Sumber of day.~ wheat temperatures in sleel bin.~ and outside air tem­


• 
peratures 'were above 70° F. at Hulchimon. 1.94.8 and 1,94.1-

Days wben temperutures of wb~,lt were sbl)ve 70° F. In-

BIn size and description 1943 , 	 19cH' 

lI!axlmum )-!lnlmum Average' ll!lrlmum lIlnlmum Aver'.lge' 

2••40·bushel:
rnpaIntf'd ......... * .. __ ~ .. ~_____ 222 0 101 Inn 0 59 
Painted wblte••_••.•• " •. '" 147 I) ."19 m7 n 0 
Painted wbite and partially

shaded ...__ •••••...... ..... 1I11 0 rm 14;; 0 0 
l,OOO·bushel: 

C"npaIuted.. ............... 190 ·.7 120 1~2 I) 11)1
paroted wbite............. 160 13!) '" 1.50 0 00 

.--~---. ---~-~.--- ----.~.~----~..­
, Atmospheric tempt'mtllr" ,,'as abov~ 70° F. for V'r, .tays~ it .lvpruged;o° or a~()n' durlOg 2!-hour period 

[0,99 days. 
! Atmospheric tempemture awr:i~ed 70° or above during 2{·bour p~riotj for IOJ <lays. 
• Based on all thermocouples.
, Estimated. 

• 

The number of days when tllE' maximum \vhrat tE'mprrn.tures in're 
above 70° F. in rach group of bins u~dicatrs tIl£' prriod wli('ll ins(>cts 
could propagate in some part of grain of II-pen'rut moistul'r ('ontent. 
In thr 2.740-bushl'l bins during Hl4:3. the numlwr of days that thr 
max.immu wheat tempNaturl's w(;'rr abon' 70° \vasi'rdu('pd 75 
days by painting thr bins white; in 1944. by 29 <111,"8, In thl' 1.000­
bushrl bins the number of days thM thr ma..'(imum tempe1'tHun's \\'('1'e 
above 70° was l'C'fiu('rd 3() days b:- paiuting in H)4;~, tlll(l 24 days in 
1944. For somr spN'iE's of inset'ts. thC' additional <lays that thr ma..\:­
imum temperature is above 70° in fbr unpaintpcl bins is ampl!' rim(' to 
producr anel develop an additional brood. 

It is questionable whethpl' ttny rrductioll in thr numbrr of days that 
thr maximum temprrature was ah(l\~e 70° F. ('iln be attrihuted to the 
pitrtiaL shadulg of thr bin walls, Any rrduc·tioI1 f'Ould casily br 
attributed to SOUl'(,ps oth('l' Hum tbat pffp('t('d by pnriitll shading of 
the bin walls, such as too frw tpmpcratul'r l'PU(lings taken while 
wheat tempcrat UTE'S WN(' inel'rasing Ul tlw spring nnd dN'l'pasi:ng in 
the fall, or tll<' fact that a c'on(,pntratioll of inspcts may han' incl'Pilse(l 
the trmprraturr in a small portion of th(' grain. .\.n:-' of thrs(' fadors 
may affect the maximum trmprmtn1'f's l'('('ordecl for H bin of graul. 

_ 	 ~Jax:imllm tempcmturps during thp SUnmlrl' al'(, lIsuall.\- found ural" 
the grain surfilcr and art' rasi1.\~ ulflU('nrecl Mcl sOJllewhat C'I'.rati(', 
~in('(' slimmer maximum ~riljll tf'mp<'ratnl'rs a1'(' usually the dirrrt 
rC'sult of thr sun's 11l'at 011 (11r roof. no diffpt'(,l1C'P c(Jul(l 1)(> E'xpPi'tpd 
in the numbt>I' of <1n,\'5 that tb(' maximum Ipmpprn.t 1I1'pS would reOlain 
abon> 70° F. lwtween unshadpcl wbitf' and tll(· ptlrtially ;:i1a(lpcl whitp 
bins. bc('allS(' none of tll(> roof" of th{\gp'hillS w('1'r SIHldl'd. 

• 
'iTI1Pn Ihe minimum tl'm(wratul'{' in !1 bin llfwhpt1t j" ahoy!' 7(J::> .F, 

it indicutps the ('ntirp hulk of grain is sllbjp(,[ to inc'['t'ils('d llL-,pc't 
infestation. During tlIP sumll1Pl' month.s til(' minimum (pm pel'atw'(' 
is found at til(' ('rnte't· tLtl<l lhp lcnn'l' ('('ntt'!' of til(> mn,.:::;. Thl' min­
imum t('mppmttu'('s in {lip 2.740-busltrl hins \\'(,J'(' nJ)oYP 7()0 during 
:-lept('ml)(lr in 1942. but in 194:J and 1944 thrs(' Il'lnpPt'flttu'Ps did not 
go above 70° in ritil('!' tll(' pn.int('(l OJ' lmpl1in{p(l h1ns. 

:1;l1,~DT ;;;;--G 
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J\iinulUml temperatmes in the smaller 1,000-bushel bins, however, 
usuall~T go abo'~e 70 0 F. for a short time during August and September, 
depending upon the outside air temperature. In 1943 the average • 
maximum air temperature l'm1Ched 97 0 Ul August and tlH' lUUlinllUll 
wheat temperatures in the unpainted 1,000-bushel bins were n,bove 
70 0 for 47 dilYS and ilpproximiltely 35 dnys in the painted bU1S, a 
reduction of 12 cluys. In 1944 the aVP1'ilge muximum ilir temperature 
in August l'enchrd 89 0 and the lUulimum 'wheat temperat.ures in both 
puintrd find mrpnil1 teel 1,000-bushrl billS remained below 70 0 

• The 
highrst nVCl'age mininllun "'heat temperaturC's l'ecol'drd for 1,000­
bushel bins in 1944 were GG o for painted and G8° for lUlpaintrd bins. 

Since the ma},:iuulln and minimum wbeat trmperatul'C's mn,y occur 
in only a l'elntiydy smnll yolnme of gmin, the reductions in ayernge 
,,-heat temperuturrs ill'e of tIl(' grentrst interrst. Appro}..imn.l:rly 
one-half the yolume of gmill hns trll11wratul'cs n.l)oYC tilr avrrnge 
wheat tC'mpcl'u t:Ul'C'. Consrqurntly, if tbe llVrl'uge trmpPI'n.tlll'C' is 
ahoyr 70 0 F., II lUl'ge part of thr Plltil'E' hin of \dlPat is suita,hIc for 
insC'ct lifc and rC'production, During] 943 thr ilyrJ'flg'r wheill: trm­
PCrutUl'('S werr ahoyc 70 0 for 101. days in thr 2,740-hnshel unpllinted 
hins, 59 clays in thp pilintrd hins, u,nd 56 days in tbp pililltrd n.nd 
pUTt-ially shaclrd bins. A J'rclurtioll or 42 da~'s l'rsultecl Jl'Om pn,illting 
and an aclelitiol1ul 3 clays from partinl shilc1ing. 

~\T('rag(' "'hrat trmperatul'rs did not rxccC'cl 70 0 F, during 1944 in 
C'i thcl' tIl(' 2,740-hushC'1 pain t('(1 hins or in thr painted n.nd pm'tinny 
shailPl1 hillS, Tn tlw unpaintpcl hins, ltO\\-P\-PJ', tl1el'C' WNC 59 da.ys 
dllring' ,dlich nYPI'ai!C' (pmpemtll1'c was nboyp 700 

, thus proyiding 
a.mple' tilll<' fol' man~r inscrt: sp('('ies to procluc'r t111 ndclitionnl brood, • 
This indicuU's that wllrtlt siol'('cl in pnintecl sleel hins is less likrly to 
hC'('olllr infpstecl thn.n whrn stol'NI in unpainted hins. AYl'l'ngt' when,t 
tpmlH'nl [ul'Psin 1,000-bllslH'1 pai nlpc1 bins wprc fLl)oYC' 70 0 42 clays 
1('s8 during' ] 04:~ allc1 4] da,\'s 1<'ss dUl'illg 1944 than in unpn,iniecl billS, 

EFFECT OF INSECTS ON WHEAT TEMPERATURES, MOISTURE CONTENT, AND GRADE 

Anyone' \\-orking with s(0I'('(1 whe'n! bns noticpd nHlL ",hrlleYPI' 
th('l'r is an uceUlllll1ntion of ins('cts in nn:,' spot, in thr grain mnss, tllr 
trmpel'a( Ul'(' nt Lhis spot is ltighpI' thiln that in tbe l'rst of the grain, 
This nJ)ilil,'i- 01' insrcts, w11(,11 ill fthunclnncp, to pl'oducr ('onsidcrfl,bl<' 
heat pres('nh:; our or thr (lifrieulLirs of storing gmill fol' long l)el'iocls 
\\-it.hout sortl(' means of arliJieinl control in elilnatC's I'llyol'fthle to 
insC'ef; lifr, Ord inn I'ily, ,,-i n i rr atmoflphrl'ic conditions ill Km1sfis 
10WPI' LlH' t.rIll\l(,l'ntUl'e or d1',\' whrat stored in 1,OOO-huslI01 l)il1s 
flufIicirntl,\- to rliminatr most inflect. lil'C', hut tlds iln.l:urnl men,lIS of 
insect control is ell'pc( i\'r for hold illg doml i ns('('( popu1nJion 1'01' lL 
short l:in1(' onI \7, 

'YllOll imleets fltC u,[]owrcl to I'rj)J'oduce find dC'Yelop ill 8(01'('<1 grnin 
wiLhon t. fil1)~ al't.i ricia1 con tl'ol, LlIC',\T soon b('('omr so 11 Ulllrl'OllS Lhat 
thr,\- cn,n lin' unclis(,urhrd tlu'ollg-hou(. (,]1(' wintrl' by congregating- in 
poekcts llnd pJ'o(lu('ing t1l('il' own ll('llt anclllloistlll'r. This accumula­
tion [wi! ncti\'jt~-I'f'Slllts in Sl'\"C'l'P dmnagp to 1;11(' ,dwat, llOt. onl,\' from 
"nOlle' :wel ot1lrr dnmnge cUlIsrc\ h:\' insPC'ts, but also inclil'C'{,Uy fl'om • 
srlf-gen(,I'nted hellt, 1'1'0111 ]'rspil'aLion oj' t,ll(' CifLIllp('uod whrnt, Event- '. 
tlnUy tbrrc will clen~lop ftll aren of 1'0tLed, eflkeel, nnd molely gl'llill in 
til(', bin, whieh, iI' seyero enough., ",ill eU,lIse the entirr lot io gmcle 
Sllmple hccause of odOl', 
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From .Jil_lllUU'V 194:3 to 1:fay 1946 two 1,OOO-bushel billS (Kos. :3-10 
ancl3-U) at IIlltcbinson 'H'1'0 used to study lhE' pfreC'l of ullC'outroU('d 
inscet aetiyih" in the stored wheat. These bins ,,"(']"r filled in 1941 
with Ko. 2 lIard ,'''inter ,,"brat of 11.2- aud 11.5-perccnt moisture. 
Prior to Sanuary 1943 111(')" lUHI r('('rived npplieations of fumigants to 
('ontrol tllr insects. The \,-heat wus actuuJl)" in slol"age for 5 yeurs 
und for thr last :3~~ .n~urs the insrcts WPI"(' ullo\\"NI to (\('\"('}op nt will. 

For eomparative PUI"POSE'S an additiollnl srt of leJll]WrntUrl' rC'adings 
und insrct counts \V<:'t'(' made (table :30). Thesp rl'n,C\ings nnd ('ounts 
n-I'(' awmges from. other 1,OOO-bushel bins at HLI tellillsoll rec('iY.i ng 
various trru,tments 0[ iused rontrol consisting nhlilll.\" of npplirlltiollS 
of fumigu,ots dming th(' late SUlluner ancl t'fid.,- falL TIH'se trl11!wl'a­
tures arc taken fiS normals. 

The inseet populnJioll counts were ll1Jldc on nYl'I'nge whpat snmples 
takrn fl'o:m the bins and reprcsent the an'rage llU.m bpI' of insrcts in 
the hins and not, tJw number presC'nt in auy IocnJiz('(1 concputl'at ion. 
The number present ill any concentl'l1tC'cL inJ~~stu.Lio.ll would he mtlny 
times grrn.ter tihan mw of those ShO"~ll (LIlhlc 30). 

• 

)'Iost or t.he dl:t'ct of insects on wheat t;empt'I'lltllJ'PS .is 10clllized, 
unless Ol(' inl'eslntion brco,mes l'xtremdy [[ltense, Fo!' the first. 1% 
yen.rs, the an'rage wheaL kmjJel'nJurcs nue[ also tIlt' minimum wlH'o.t 
temp('l'nt,m'ps in tlt/' 2 bins in ,drieh insrcts ""('I'l' llllcontroU('(l ,,'('I'P 
approximntPl,Y the SlIUl(' os the t,('!nperatul'es in 0(,]1('1' 1,OOO-bushl'l 
billS wh('l'e th(' ins('cts \\'('I'C' controll('d. '1'111' only ('xC('ptiOlL WfiS in 
t.ll(' mnximulll ,,'hl'nt [PlllI)(,l'llt lU'(' in bin f\ o. 3,,10. This hin hnd n 
maxi:mul1l te.tllpNutw'(l fiS mud!. ns l4° F. aboY(' (lit' llUlXimul11 whrllL 
U'1lljJ('l'atul'ps for ot.hl'l'l ,O()()-huslwl hillS ,,'ll('l'Pinsc'ds \\,(ll'l' ('ont.rollNi. 
TIl(' IllJlnlwl' of' inseets !wr I,OOO grams of \\'JIPUt in Lilis bin n'tlclwd 

• 

102 in S<'])t£'I111>(']' l\J4:~, This wus approxinlntply gO ins('ds 1lI0rc' [)('l' 
I,OOD gmllls tlum ,,'prc' fOllnd in its ('01l1pmlioH bin :f\o. 3-,]] and it! 
other I,OOO-huslwl billS on Lll(' sitp, \dlidl had [tbout LIte StUlle number 
of insee!s and appl'Oximatc']y- lhE' StlJl1(' muxim Ulll tt'llII)('l'tlt w'es d ltt'ing 
J943 find pal'! of 19'_14. 

'Cl1('outroU(I(\ iUSl'ct [Lc.[.iviJv in bins nM only incl'(las('d the w]wai 
tNlIJ>C'nttUI'P hut also inel'('lu~e(l til(' 11l0i",LUl'P 'collic'nt, ('specinlly in 
sections lehon' thp heildest .iJ1SE'C't cOllC'ent/'atioll Oil. t.he upper south 
side. .A 11l0istuJ'(\ truYerse, d('t('t'nrined from [L s('ric's of prolw snl11pl(,8 
nJ I-foot inl<'.lTnJs nbov(' tIll' floor 1'1'0111 (ll(' ('('niPJ' and 2 f(,pt from the' 
walls on nl! 4 sides, wns nlndp on bin 1\0. :3-11 on D(,C'pmlwl' 5, 1\)44 
(table' 31). 

Dins Ko. :3~·lO find No. g. II \\"(In' fumign.tc,tl find C'lllpti('d in May 
194G. ...\Jt('t' 5 y<'t1I'S of storngc', wi.lll t1w Inst 3}~ :wal'S witlloul insect 
control. tolLp <1amagp caused by ins('ets wns rplntin,ly hC'lnT, Appl'oxi... 
mate]y lR bushels of cakPd, llIoldy, and rotte[l gro.in wns found in 
cneb bin. The lllnjor spoill'Cl spctions lllcnslll't'd frolll 4 to fi fp('l 
hOl'illoIltallv nncl fl'01ll 2 t.o 21~ 1'('rl- \'Cd.irally. rr'JWY \\"('/'(1 HC'X( (0 (.he 
sout,lt wall'nnd ('('u(pred 5 few! nJJO\"o tJl(' no'ot', . 

Thc'sf' spoiled seet!ions wore til(' direct: 1'PsuH ofinsPcL nctiyit.y. TIle' 
inclil'(~et l'esul 1', !1 nel OIl(' of eOllsir\ernble lmportancl', WilS the c,rl'p(!t til(' 
iWl('cts hnd on (,he HVPI'U::-W grade of the wit(l!1.I. 'I'll(' wlwllt in tJl('se 
hins l\Y('-tl.t.uftlly gl'l1.ded_ Sn,l1l pie lwelt\lst' of a SOLlI' od.or (\C'nlopC'd_ by 
the inseel;s. 
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'l';\111,\-. 30., lnsrd~ rer 1,0011 (ltoms oJ whcal and thl' a('('fa(l!, III fI.ri1ll 11 Ill. (Inri minimuIII 1l'htnllrlllWralul'l's in /Jins Xo.~. 8 10 anrl 8-11 anrI 
-..:r o 

ihl' at'l'ra(ll' in olill'!' I.O()O-iJl(shPl bill.~ £II 1/1Iirilins()/l. from .fanlllll'llUJ j.i i() ;\Ja!l 1.').j(1 
.." 

Bin ::\0.3-lll HIli ::\n. all A \'('rnge 01 oth~r 1,!laO·bushel bins l:':l 

~ Dilll' h'mpl.'l1l{Url' W~\S tnkt'l1 1lIS~('\S ! \\,h~lIt Il'lIllll'''l\lI1'1'$ lnS('rl$ \\'h,'nll('ll\pN'jHlIfl'S WIll'n!; It'lIIjll'l1Illlres 

Ill'r I,noo , ' P"I' 1,0110 ' , : pll::·sr~i~ 
i 1 

gnlll1s I A \'l'n\gl.~\rtlxilllulll ~linhll\1mi gI'HIIIS 1 :\Sl't'ng(\ :~h\xilllum ::\lhtilll\llJl; gl1l111~ 1 A\ QI'tlRt.' ;~r;txill1umii\linimllm S--'.... -- - ~ -~---- I:tI 
194~ 

(l },'. 	 Sum/;rr ~ J'." .~ ~m~ .~ • P. ! 01,'• 8Fob 211 	 S'l1Ilbl'r 1·'. F " F. 
!'Iny 31 R ·11) ·I;! :17 I ,tl ,1,1 ~ fi ~ ·15 I 37 
July 23 2 fi2 711 fl·l I fit 70 ~ I 00 711 55 ~ 
R~pt. 3 37 in !ll tl7 21 77 lIO 05 111 ~ IKl , 65 .." 
Oel.7, 1112 .'\7 un 77 .IS XI on W ~ M" 811 78 ~ 
NO\'.a 	 an T·t !!II 110, II i;i ss ~ U m 88 rIO 

22 tiil U2 ·Ib l:l 01 7·1 ~ I M is ~ 5t I-' 
I-'tOJ4 ,14 li7 3,1 I ~ 56 i 3·\ .... 

)lnr.O . 10 ·14 ,W :lH ·I:J 'II :lll o ~ 
Jnll.5 . 	 15 ·HI oa :1-1 

,Ii; 40 
)hlY 2 . II 50 t~H ·1,1 ,IS iH ·12 o ~ 55 I 43 '" 
JUlle 2J 27 71 S2 5!1 1t7 iO flU () 00 

S') 	 ~! ! ~~ 51
AlI~, 30 	 120 ,- 117 7~i !l 711 SU HT 1·1 ~ n ~ \.10

al 	 28 
~72~J-~Sl'pt. ~ 15n "gO'; ······_[13 	 (fl 

Ort.ti .lao 77 ll!1 50 55 75 Ilti' tin: 1 
No\'. l' IH 7·1 05 t\1 ·1,; 71 IIi Ii:.! 2 001 75 ~ 59 

~ 
])"r, 10 ,12 65 SO au ·ttI iH 82 :IS 	 t"j 

"d
W46 

Frb. Ii., 	 II ·11 50 31 1:1 ·1:1 02 ao o ,15 fi2 40 ~ 
!'Iny 30 [oS 7~ ·IS ns 70 ·to 11 5U 70 50 

July:ll rl ~2 111 72 !l iO 110 07 I 

Sept, 5 120 : S(I !IS 7·t 50; H4 110 71 Itt HI oj'! .. '72 ~ 

No\',30 5U 62 8,1 55 25,1 ' 73 US S') 7 ~ 
o 

1,94(1 	 ~Oi
Jnn.4 ,::'2 ·IG n:J :18 om (ii 105 ·10 
)ltlr.5 H 50 55 -15 I,O!lR !i5 11,'1 '18 o '.jli . 5.J 44 8 
!'Iayl ] 50 (15 5') 555 iO ]01 flU o iii' fi8 53 ~ 

C1I lnsl'(.'t Slwdt'.s iUl'htdl'd n~ur h(\i.1 f1(\S, nnl gnlin lW('lh.\St lon~-hNllhltl nOlit' lW('!Ul'S, snW'wtooUwd p.rt\in hN'tll'S, h'sst,11' !train hOl'l'r, l'i(1' wrt'\,lIs, nnd J{ml\nry Wl't\\'ils. 'ehco ins(\ct 
counts W\'H\ s\.'ldom l1mtle tht· snJllr dny n8 tl'1Hlll'nHlln' n'H(ltU!!S • ~ 
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TA.BL~] 31.-1\t[oistltre content I oj wheat hL btn No. 3-11 at Hutchinson, 
December 5, 1944 

Distallccs 

above floor 


(reet) 

South 

Pcl. Pcl. Pc/. Pcl. Pet. 
~ i.5 11. 9 12.2 12.5 12.6 13.S 

6.5 12.1 12.4 12. II 12.6 13.1 
5.5 12.0 12.2 12.0 12.1 12.8 
4.5 11.7 12.1 11.8 11.8 12.2 
:1.5 U.5 11.S 11.7 1L7 I!. 7 
2.5 H.G ll.5 11. Ii 11.4 11. 5 
1.5 \l.a 11.5 ll.7 11. r. 11.6 

11.7 11.7 1l.9 12.0 11.5 

I Avamge wheat. moisture content lit fllling tim" WtlS 11.5 perccnt. 
.2 Surrat'e or gnlin. 

The first average whcat sample to bp designated as Samp]p grade 
in bin No. 3-10 occlllTed in Nowmbcr 1944 aftcl' nlmost 2 years of 
storage without fumigation (tnble 32). Not all the ,,'l1Pat in the bin 

• 	 at. this time, howeyer, was Sample grade whent. Spot whent samples 
taketl halfway clo\Hl in the bins at the center imd near the 4 w!tlls 
during N o Vl'lllber 1944 sho\w,d th(' whent located at the center, sout~h, 
and efist sides in bin No. 3-10 to be StLlllple grade. 'Yheat fl'Om the 
west side graded No. :3 and from the north No.2. 

The average sample from bin No. 3-11, \dlich had it smaller insect 
('ount than bin No. 3-10 until November 1945 (table 30), clid not 
grade Snmple ltutil De('('lllber 1945 (titbIt' 33). This was 1 yen!' late.r' 
than the gmding of bin ~o. :3-10 llnd followed (uUy 3 YE'u,rs of stomge 
without fumigation. 

TAIlI.!:: a2.- Whrot {jl'{/('(, and other dctC/'lIltfWlions 01/. .~TJol samples hal/w{/II doU'n in 
IJins ;yo,~. 3-10 CLnd 3-1 L (/.( /llll('/tinsoll, Noucmill'r 18, 1944 

.\Iols- Dnl1lllge
Bin XO.I nn([ 'I'('st lUl'(l Dock- .,. [Cut Pro~ Gt\,'mi·Grade J 	 Odor!'lim pit· .JoC'Jllon : weight con· t'I~l) ncldil.), (!'ill , untion 

Wnt Ins~ct Total 
.....~ '."--'. --.-,..-.,~ ...........- ._-,......,..-. ~.----.-,,-.~...~- ~-
3-10' No, ;;t,. Pet. Pcl. Pel. Pel. (·I/it.! Pel. Pct. 

Xorth .. ,_., .. 2 nil'.. , 51;.0 1l.4 0,5 O. K. O.D I.n :12 12. ~ 01 
\\'~sL_ •• .- a 1111'•. _' b7.7 1\.4 .5 O.K 1,.2 ail 12.3 ~., 

Cel1l~r. 8 HII' 57.·' 12.0 ,x Sour. : ••. I.a 2.2.0 " all 12.1 ao
Enst l:l IIII' 5T.!; IQ.O .Ii ,do 1.7 2.·1 3k II.!! 21
HOllth~: .. : 8 1111' 60"f) 12." .n .do 2.0 a.o [,(1 12.0 2 

3-11 : 
Xortl:,. 8 HI\, . [,g. 1 II.4 "n 801lr, __ , .3 1.[, :14 II. h ,12 
\l'C~L.... 2 HII'. .'ili.O 1\.5 .·1 O.K ,0 J. II :H 12.0 ,1.1 
C('IHcr~ ' .. :1 HII', 5;~5 11.5 »H O. K ~ .5 La :13 11.7 ,15
[';ust ... :-: Ill\'. 58.0 11.5 1.1 HoUl'. ~_~ .:1 1.0 :lIi 12. 0 -16 
South, a HI\'. 57.H !l.S .:1 O.K .3 1.5 ;{8 12.0 21 

tA "entg~ snmpl,· from bin "0.3-10 gl'lld('d BtlIllJlI(· I In 1'(1 Willt!'r "1\'1'1'\'11," Hlld (1'0111 bht Xn. :J'II, ,,().
:I Hard W[nter "Weevil,," 

, HI\'", Hnrd I\'hJt~r; :-:"':-:llIl1pl~; nil St1J11p!,·g 1,:1'Il<l,'<\ "Wl'rvlly." 
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TABUl 33.-TVheat grade and iilher determinations on (werage slLlnples.1 from b'ins 

Nos. 3-10 lLnd $-11 al Hutchinson, 191d-46 


"/-1(1' • : Fat Pro.'I'cst -~ic~oOn:~' Dork.~I~O~{·I~or.· ])lllllag~ G~r· 
Date sampled Bin ,. (

i, 

, U' ,w(~irrht, !."ltt ,'. tltJl~ --......... - "----< ncid-, t(,[ll mino­ •i :\'0.. " ," In· '1'0' ity lion _-1---: ! -t- s!'('t~u.~_! __ ~" ...__ 

I "'0 I Lb. Pel Pel. I Pel. l'cl. ('/I it.~ Pcl. Pel . 
•Tuno 20. 19.U ..•.•.{3-10 2 lIlY:... OS.S l1:Z: n.s· O. K . 1. 0 2; 1!.!1 S5

t 3·ll 21111'.... 5S.U 11.5 : .:1 O. K • .5 21 II •• 8U 
Drc. 31, 10·11. .. ,/3-10 :2 JIlL.... 58.oj; 11.4 1.0 O. K • .-1 25 l~.U 

113-11 : 2 JIII'..... ,>8.4 1l.4 1.0 O. K. .9 2;; U.S 
June21J,lV·12 .){a-IO 21111'..... ih~.:l 11.1 .S O•.K _ ..... .n :!!i l~.(l 74 

1 3-11 i 2 III\'. ... ;,H.f, ll.!! 1.1 O•.K. 1.0 11.11 73 
D('c.1, 19·12 •.....{3-IO 12]111'..... '>8.U 11.5 I.H O. K . 1 fJ 12. (i 711 

·3-11 : 2 1111·..... ih'i.5 11.·1 1'.31 i D. K. .Ii 11.7 ~2 
~Iay 21, l\l-!3 "" (3-10 . 2 11\\'..... 5b.:1 n.3 O. K .. 1.1 II.S 7(;

,3-11!211IL... f>Ki 11.:1 .2 O.K. 11.5 i5 
Jun. 13, HIH..... :f3-IO : 3 1111'.... , 57.0 11.7 .:1 O. K • I~.l 53 

,l:l-U : 2 HI\'.... 58.2 ll ..f .3 D. K _ .5 12.ft fiO 
:\'0\'. lR, HJ.!L .,:1-10 ,; HI\' '. _, 51l.0 11 ..1 •• ~ollr.. ). 2 2.2 12. [) :H 

l:l'll 3 HI\'< • 57.li 11,7 .G O. K _ .Ii 2." 12. ~ -II 
Drr. :I, I 9·l;' {3··!O ~ 1111" .. _ 57.1 11.;;· .X 1'011r.. L:; 5.0 12.1l 12 

13-11 ~ IIW.... 5,.5 12.11 .-1 ,JOI .!J :l.U 15 
;\fllY 15. I!J·IG l r:HO" HI\, '.,.11 I!!. I I. ,I :do 1. a 4." 51 11.1- 22 

l:l-ll ~ III\, [',.1 J.fi .do .J.r. n.1I M~ lLli 

! TIll' wlwa[ wa~ Itot fumigated <Ill/'htl' tlw b~l a 1!! Y('nr~ of SLnl'!ll!r. 

, Il.W=H(\/,d Winter wlll'nt; ::=:-;Ullllll<>. 

~ '["Ik"n aftI'!' fllmiglltion. 

• \\">P"i1y. 

STORAGE IN OTHER THAN STANDARD STEEL BINS 
BOLTED STEEL OIL TANK 

OllP Sl)('eial ;;l(,pl ;;ll'u('(U.l'l' lIs('d (0 s(on' ",hPlll n[ Hulr-illnson was 
lUl oil lnnk thnl r<'pn's('Jlt<'d till' ('xt 1'('11](' in tigll [Hess insofur as boltt'd • 
;;{('pi sll'lwtuJ'PS n 1'(' ('OlWt'f'llpd (Jig. 21 -,. Th i~ ltUlk: Wits 21.r> r!'1't in 

• 

FHWnt~ .21... Hollptl ::;[ccl oil lallk with rubber ~llskctii I,('tweell joill!:;. 
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diameter and 6 feet high, having a total capacity of about 4,600 


• 
bushels. It was constructed of melnl shl'ets boIled together nt the 
joints. For tigh lness, all of the joints. induding lhose in the flat 
roof, wen' lined with rubb('J' gnskets. For y('utilation the tnnk 'was 
equipped ",HIl u, hooded wutilatol' iu the ('('ulp), of tilt' roof. ,\VhNtt 
was put in through it pOl'thoJ(' in lhe roof and tnk(,ll out through a 
small door in the WUllll('Xt to the floor. Foul' ;j-inch porlilol('s \\'P1'e 
built into the ,roof for probing pm-pose's. 

The tank \\'as first filled OIl July :30, H141, with .\0.2 Hard \fintp!, 
whpat wilh i1 moisture ('ontent. of J2.H j)('I'('('11I. J t n'mnillP(l ill 

SlOl'nge until XOYl'mlwr 10, 1941. III lite :3 12 mOllths of slornge the 
WhE'llt den'loped un i1.lsect infestntion nnd llt1d llC'gull to jwal as it 

result of high llloistul'(' and inseets, Jt was sold bl'('u LISP it WiH'l 

difficult to fUUligat('. The Il'heuI, \\'JJ('n ,I'('mo\'p(l grn(lpd .\0. :2 Hard 
"'inter "'\Vl'('yily." AppJ'oxirnnl('ly 4 C[ Utll'ts of ('nk('tl gmin WNe 
found nlong 2 [l'('t of Out' v(,l'tieu] wtlll S('tilll 011 tltl' sou[hl'u::;( ~itl(' of 
thp tUllk. TIt(' bolts of (hi" joint Wl'I'l' li~h {('He'd I>l'rol'l'l'l'lilling thl' tonk, 

\Yhen the tank \\'ns fined lhp s('('ond l,imp, it 1I'1l.;; also s('ukcl for tbe 
purpose of kpl'ping out insl'('ts and to OI>S(,I'\'P tIl(' l'fl'p('[ of s('uliltg. if 
nny, on thp qunlit,l' of the ~J'ilin. ,A. "l)('('inl ;;11('('[ metaL hood 1I'1IS 
('oJlstl'ueted [0 eo\'('1' tIl(' ('('ntml Yl'lltilntol', HIllL nll olhl'1' roor openings 
\\'('1'(' ('tllkp(l. ~l'hi::; ttmk with it" tight fit b('t\\'['('n the J'Ool' and wall 
joint. was idcuUoL' tbis stud,I'. '1'11(' tnuk wa::; ]H1intl'ci wbiu' hl'C'ilUS(' of 
its I'll::;t\' eondi ~ ion. 

• 
The 'tank was fillpd ill .\()Y('m\)PL' llHl \I'jth .\0. ~ HUl'd l\\,in[('l' 

"\\,pe\'il,l''' whptlt hll \'ing 11.:3 P('l'cPllt moisl un', In OJ'(I(,l' to han' 
the wlH'tlt fJ'l~e of inspcts. it wus IUllligtl[p(1 ]H'roj'(' sl'alil1,!!:, .\. snmplp 
of grnin t ak('ll l1fter fumigatioJl con [tlinp(l no ] i \'(' ilIS(,('[", 

The wltetit l'l'llltlined in slol'ngl' 111)lOnlhs Il(,rol'(' it WH;-; J'PJllo\'(,d for 
inSj)('C'tioll, TIll' ('olluH(,l'eiul gl'at\l' of tltt, whf'ut ill tIl(' hottom llulf of 
the tunk WllS still );0.2 HnJ'tl\\'.inlpl' nn(lllt(' moistlll'(' ('OJllC'l1t 11.:) 
()(,1'('('11(, hut llw top huH gnl.dpcl Snlnp]p I)('('nu~l' of a SOUI' odo)' of 
unkJl.own ('tt.l1s(', h Wits tllOUgilt to be ('ulIs!'(l by tJl(' 0([01' of slIwll 
spoilt'd spots P('l'lllNlling tlltU'~(' portioJt or tit" \1:11('(11. made' possible 
by llw1llUlSlWI tigllLrll'sS of tIl!' bin, TIl(' Jinulills('('1 snlllp\p ('onlniw'cl 
only 2 in~w('(s pel' 1,O()(l ~nllns of wlH'tll. 

Siloilngl' wa;-; ('onfillPd [0 12 smull spot~, o\\'in)! {o Wtllpl' lPnki" 
through tlIP joints, Tlll'Iul'?!!'sl ;;pot consist!'([ or nll[lJ'oximHll'ly ()1l(l ­

,IluH InlsllPl or grnin. Jl W!\S in Ill<' S,UIl!' locatioJl us olJ"Pl'w(l in til<' 
oi'iginnl unloading. 'J'1l(, nthpr SmUllllJllOllllts of spoil(,([ w\I('at in (11(' 

bin \1'('1'(, ('onfin('d lo tl 1'('11' quol'ls oJ ('tlk('d grnin ]o('u(,dl1suully wliPl't, 

:3 bin sIH,'('(s W(,I'!' join!'!l togplhpl' nl Olt<' point. In ndclilioll, slllull 
quuntiti('s of spoilpd grnill \\'(,I'l' round i1loJlg (lip ,iulwtioH 0(' llIp Jloo!' 
und, wull sll('p(s, 'I'olnl ;;pollng!' UllHl\dl!C'([ to npproxiJlUltl'I,\':i Inlshpls, 
.\lllJolts u{ th('s!' phl('!'s \~'('J'[' tighl(,lw(l nnd (Ilt' s('Hms culk!'(l OJ] Ill!' 
i nsi(Lt' !lwl 0 II t side' () r tJ I (' t tlnk 1)('[01'(' rdiUing (h!' (h i I'(1 till\('.-, 

• 
This (nnk WHS fillC'ci [or th!' third (iml' (Illl'inp.' .\ol·('llllwl' In;l~, with 

\\'lW!\t gl'Hcling .\0,:2 Hnn] \\'inll'I'IIH\'illg tI J)loisllll'(, ('onlpnl oJ 11.4 
pc'I'c'PUI. Jt j'PlllHilwcl Insto.l'ug!' Jor:3 1;; \'(,tlI'S, Th(' bin \\ilSJlot s<'ldp([. 
, ])uring Ih(' :Pf ,HUI';; of slorugp til(" ('onditio)l of th(' wlwul Jl('\'PI' 

j'('Il(;iw(la C'riliC'HI slugp inlllois{ul'(' U('['WlllllalioJl til lll(' surfnce' or [ht' 

wltC'ul, in grnilt tPIllIH'l'utll.l'l'S, or in ins('!'1 inf('slulioJls, 'fJrt' higll(·st 
moist W'(' ['\'PI' 1'/'('onlp<l \I'US 1~,{ ])('J'('('IlL found in lhl' ('('!lIp], lop (j 
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inches dlU"ing Mm'ch 1945. '1'he highest 1werage temp<:rature 
recorded was 71 0 It. in Sept<:lllber 1945, and tLis was approximately 

lower thUll the averago temperature of the 'wh<:at in 2,740-busho} 
steel bins at that tim~. Xo illS<:ct Efe was found jn the wheat l.Ultil 
the fall of 1944, 2 years aftl'l' stomgl'. 'J'his ('.ollsistecl of a fl'w bran 
beetles thM di('(l during the willtel'. f:lowl'v('r, b)' the following fall 
3 years after storag<', ins(,ct actiyity had i11('rens('d to 18 bran beetles 
por 1,000 grams of grain. '1'h('s(', too, died dlll'ing the following 
"int('r. All .U1S('elS pr('s(,llt in tbis bill W01'(' lhl' bmn heeth> l,,'pe.
X0111.' of th(' destrnd lYe> w('oyil typP was fOlUleL. 

IVlU'u this wllPilt Wll8 J'('moy('cl from sto.mge it still graded So. 2 
Hard iVuller. Approximatl'1)' 2 bushds of spoikcl grniJl wus l'oUJld, 
owing to a few Jna.,jol' und sen'J'uJ minor wall-scam leuks. :'\0 st I'UC­
tumI de£('e(s wcr(~ not('d i11 tbetallk, 

Storing wlH'ut in this bolt('d oiL sted tank lw.s ShO\\'11 that: 
1. 'j'hc' stl'(,llg[h of lhc struetul'{' is suitabll' for \\'hc'al storage'. 
2. :-)['oring ",Iwal in t111 uirtighl bin may sl'riollsl.\' alr('c,t th(' odor of 

a largc' qualltil,\' of tlte w.l1('tlt if Bl1lnU spoiJ('cl spots clt'yclop. 
:3. Lal.'gPl' fal'In stol'agp units ('(Ui slot'(' whNtL as safl'I.\' as SmUIl('I' 

units illsoflU' its lhl' quulit)" of lhe' grain is eOlH'E'l'llPcl, 

4. It is clifficltlt lO pliminutp \\'nlpl' lenks through bolte'd joints. 
This was a stnwtul'(, ll!l\'il1~ joints (lpsigul)(! to hold liquids, but it 
Ipakt'cI waLP)' Had cuu,;pd spoilagp [0 th(' \\'lH'at CY(,ll uf[.l'1' additional 
nttl'mpts hud 1)('('11 mad" to SP{' [hitt [Ill' bolls WeI'(' tight and ('xlI'a 
precaution lltHl bl'PIl. tnkpll by calking seams. Though !)xll'C'me 
eautioJl is ttlkl'll ill. assPl1lblill.g th" step) tallk, ",hpi! t pn'ssurt'S 01' a 
sagging fouudnti(JlI Hut.\' l'nUSI' n holtl'cl joitlt to OJ)(,ll PJloughLo nUo,," 
watN' to ('HlpI'. 

;3. Owing to tb(' fiUl I'oof. 801ll(' stol'ng(' spac(' must 1)(, sn('rifi('l'd 01' 
tIll' \\,IIPU t is diffic'ult (0 fumigate. 

EXPERIME.NTAL CONCRETE BLOCK BIN 

In .rlIJlP 1942 t1l!' Portlallli C('lll('nt Associution pr('{'(!'d fL C'OIl('I'P«' 
block bin 12 I'('('l by 24 I'('('t hy i{ :1'('('[ for t('st purpos('s nt Btl [('hi)lSon. 
Xo l'pinfoJ'('ing lile('\ "'us wwd: tIll' ""RUS WCI'(' 1'('inl'ol'('('d by outsidp 
eo I H'I'C'II' bl(l('k pilmlll't's (Jig. 22). 

'rJJis bin was (Ii\'i([('([ into nor,tll and south haiV('s 1)\' tt ('011('1'('((' 

blo('/( Pill'tilion. Kn.elt half hall It cupa('il)'o1' 1,000' buslwls. A 
douhlp InY(,I' of J'('inroJ'('('(l kruft pitP('1' was pla('pel 0\'('1' the' ;~-iJl('h sand 
fill ilt th (' 110 rt.1t C'OJlljlUl'lIll('lll 1>('1'01'(' the' :3-in('11 (,OI1(')'('l (' floor wns 
pOlll'l'd, and the' insiclp \\'nlls W{,I'P hl'lIslt('(lwith 2 ('(Jnts of un (,Jllulsifipci­
usphnll mUlc·rin!' Tilt' HOOt' oJ til{' Bouth ('olllpul'lnl('l1( ('onsistc'd 01' tL 

:~-ill('h cOlwl'pl (' slnb Inid on'r n :3-illCb snlld Jill with no ptljJPl' he.lo", 
til(> ('01l.('I'('l(', Thp insi<l(' wnUs \\'('1'(' nlso moislul'('proof('(l with 2 
con,ts of ('JlJlI.lsifiC'd. usphul1 as was OJl.P-IHtlf of Ih(' floc) 1', Hull' of lhp 
Hool' "'US IUtlJ'('tltp(l. 'I'h(' PJlli['p Oll{Aicll' of til<' SII'lH'tUI'(I, ('x(,ppl Jor 
tll<' north wall WHs ~i\'('ll. !I. Bnwl-C'('I1l(,llt wnAh, nnd, whC'1l dry., 2 ('oats 
of w.1l i l (' ('(,11lPJll-i>ns(' paint. 

'I'hc' north ('OJllIHwtJllC'nt wnB Jillpd .Jlln(' 20, 1942. :\0 Blrudural 
failul'('s OJ' \\'('ilkll.(·ss of iUlY typP ('old(l 1)(' dPI(,(,[pd ul'tC'(' till' bin was 
full. With ill (lO <In rs, .110\\'('\'('1', Jiltl' Y('I'[ icn1 ('rllck::; \\'('1'(' 01>­
$Nn,(I ill 1 hi' ('ust. Ulltl \\'pst wnlls nlong tlH' phUH' oj' rhe .ill.siciP faee 

• 


• 


•

of Ow Jlorth \rnll (fi{.;, 22, ih A1I tit!' HlOrttll' joints HIld. b]0('k8 nloug 



WHF"-T "';T()it.\(d-: HF=-'F.\lWfl 7;") 

• 


• 


• jl. ttl '22 1, ('uf/f'tl ft' tJ{"f·t~ hni~ it-Hl!,! Hfi J'1~itJon'jn~ ... tt'i·L (,!'t-t'II·t!:11 flit1('illr;~ 
""01, t,'. P'/f'f;:u:d (~C>1!W1It \·...... Wi:tJl"fL Bit, ,11\id",1 IJ tfl :2: i'(I!HJlal'~nEI'rll'" 11.\ 

r'tr~: I! I'!t h;'wL I,a.ff ,f ;nt, \nt" r'lfa"H'r- 1',,1" n ltd'of !,jl:~~ \'. ~til ... , It. (~t!lt·h. l!l 

\'. :nr df bii tlU da'." aPI·t (!lltf :,.:: 
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this plunp ,,'pre hl'okl'll, ('xeppt at til!' foundtttion. ]<:Y('ll(uuIl,\', th!'::;!' 
el'ucks 01)('1)1'(1(0 O,OS of an incl! Oll (he WI'S( wnll nw1 O.O:{ on (hI' past. 
The llol'(h\\'ull wus ('omph,(('ly fl'p(' of ('!'tH:ks I'x('PjH t1 ( t hI' fOlllldnt ion. 
'I'llp wht'nt was I'PlllOYl'cl afl!'J' ij months' s(Onlgl', 

;\.PPI'OXilll,lt!'ly OlH,-:llulf Illlshl'l of p:J'uin WllS '('ukpcl to (11('10\\'('1' OJll'­
third of !I\(, llOl't 11 \l'ull. 'I'll(' norlh\'-ull \\',1S (hI' OJlI\- \\",111 tllll I WtlS 

no( tn'ut!'cl wilh outsidp pHint. " . 
'flu' s01l111 (,OllljHll'tll1pnt \\·n,.: nlll'd with ,,'lIPut dlll'ing .Jll]Y J!J42 und 

Pllllllipd uf!!,j' :~ IllOJl!hs or s!ornp:l'. Tllis ('0I11IH1J'tlll('Ut p:u.y<, sn(is­
far'to!'y !Wl'1'O!'lllHIH'P !'xe'PjJt rOl' n smull tllllOUllt oj' spoilnp:!' o('('urrillg 
on tIl!' /loo/' I1<'SI to Illp {lOOl' uwl cmlspd }n' \\"U((,]' lpnku!!:l'. SOHlt' 

",lwu! "Iw,k to tll!' nsphnlt ('olltinp: hut did liot nppPIU' to iw dpt<'I'jo­
rntl'd tllld c'otJld l'llsily bl' 1l1'Ilshpd oil'. In nddition, ahotlt 1 hll~h('l or 
I'ukpd gTuin ,.;(w'k t~J Ih!' bottom fotlrth or til!' (,(1;;t tll1d ",psI \ntlls 
ilC'hill(C tIll' piltl~I('I' blw'ks. II wus nnti('palll.\" (hichr ,11 tlw lllortUI' 
joint,.;, iucli(',ltillll: lllU! Ill<' Illoj,.;lw'C' c':lllsing l11p p:rn.in to I'nkp I)l'oh­
ubI.\" had I'l1t(,I'"d Ihl' hin dlil·lIy throll!!h tItt' mortal' join!s, Tlwl'p 
WH" no C'akilllt 01' !)th!']' <,,,iclp/H'P of "ruill d(>tC'J'ioJ'Htioll Oil {'itIH'I' 111(' 
rl'I'Hl!'d or Ilntl'('at(,(1 huH oj' 111<' lIool': 

JUll jl'ttPl' to E ..1. Bal'l'P, \\'. H.. S\\"Hlb()lll'; StlJlllllurizP"; a di:-:('ll;;..;ioJl 
with ~allfol'd ('Oil h of I hI' Po)'i1ulld ('puwnt .\.ssocintioJl OJl 11It' fa i1 tI t'p 
of thl' 1'001<'I'p! (' hlol'k 1'[11 as foUow;;: 

HI"'u'I'" r 10,,1'" W:t' I",'ulil.'·,j railllr.. OIl till' ('Ol'll"!" "r Ill<' IIOl'l II wall :tlld tin' 
,'''I'h''!'- ',f lh,·'lt1ltit \\:111 did riot filiI. nlthllllgl! IIH'Y \1('fI' """,.,trul,!",l ill tIl/> ~illlH' 
\\ :n', \i!·. ('.,:1.1,.. ["It t hut 1111' <h'-i!!l1 \\ II- 1'\" idl'lli h' 1,10'" 1() til(> )H'('p-,.,a)'\, -I rPllgt h. 
Tlll'fI' ',1 ,.1'1' u!'" t iJ!' foil.,,, ill/.( lilllintl iOH'l 10 I hi- 'lir,r ('OIlt'/'!'t (' hlc1I'k bi'u: 

L Tt." "Oll1'r"'" hl,wh" ",,-t! \\1'1'1' !!liltl .. '>11 a ,.,undl hllIJlI-1:Llllpill!! tltul'liilu- !tllli 
!!.p l.h ...k, w"r" "/.(I'''I'It'' "I"'I! tlll'.\ \\1'1'(' i!lt'IJI'!JOI'Ult·t! illln tlu' -trU{'tllJ'l'. 

2. Tb, !,ord) \'Olilpart t!!l'll! 1\11" (ill.··1 alii I fail,.,l fir-I WhfO!'!'lL" till' ~'>111 II t'tllll­
1';ll'l'1I.·.·t 	\lld"ll \Ia.. !ilk,\ -"IIII'\\I,(\.1 .,,'>'I'jtll" -hO"llllO "jglb of fuilll.!'!', 

.:, Tl... }"lildilt!! \\1\, lo('nl ..dl"'\! 1(1 tit" Il'1l1'k hit..dI\\:L\· wh!')'1' tiJl' \ihnlli('" <.f 
t!n ~!'lj~Bld frout lhp pa.......i!q! \,plli,,!p... IT'tltl'':'L ,'pry ~pv ..rp lP.... t of lh~~ "'[Plt"llln". 


'1'1,,' r<',,:jr- or til!' 1""1- "" tit,· fi)',1 "11111'1'",,· hll)('\; hill ,l!O\\f't!lltut '''Ill'' "lrl]('­
111ml ltnpl'Il\I'HJI'!lt' ('o.tI,1 b,' IIlU'\!- \Ijtll<tut lliull'riall.\' iHl'I'I'~I,illf.!: Ill<' ('o-t of tllp 
hlliJd"./.(. '1'\\ 11 illl POI'! [11,1 ('h:l1l!!I'- "lg!!;"'I,',l \\ "rl' t llf' iI-" of ,,11,..1 rt'ili[IlI'C'('III('III" 
:Il t Lo· ('on'('r- \\ Ill')'!' 1hI' f:lilrln"- 1JI'('lllTPd 1,lId I hr· 11-" "r IOH/.(il !ldirml tit" fll-t I'Il!'d 
to tI,I' f.I:)1,·' "r Ill!" "l,d wall .. :nul dh"j<lillg parlitiui'-, 

S(>\'I'l'ul clill'I'l'!'llt plHll" WPl'C' di";('lIs,,;p<! nnd :-;olll(' eil'UWll to iIlIJ)I'OYt' 

lhc' SII'11I'1111'1'. htlt no fllJ'flH'l' wo!'k wus dOll!' at JrlltdJin,,;oll, 

PREFABRICATED AND PRECUT WOOD BINS 

Eal'ly ill lll·t!. I)('fo/'(' lit!' ,.;11 pply oj' "lwH t b('C'u till' ,.;llO/'t d IIl'iJlP: 
\rodel \\'111' r1. lIc1diliolllll spur'l' \\'us llPpd('d to stol'!' a l:ll'gc> C'HJTYO\'P)' 
of ,,;ul'pln.., ,\lu'aL B('('ullSl' II fl'('('%p-ol'dpJ' on s(,pl jJl'I'\'t'Jl!l'd tIl!' }lUI'­
dIU"!' of addi! iOllal ";1('('\ IlllIs. \\hf'Ht Wtl" ,.;lol'I,d ill ]JI'l'fnl)/,j('lllpd and 
jJl'('('lIt \\ood biu,.;, Ell'\(,)) ()f 11]('"" \\(Jod Ilill", Xo,.;, 1:1110 1:1 II, 
1\"(>1'(' 1'1'C'('t('c1 ~tl HilI ('hiltsOJl ill (itt' fnll of JD..I2 1'01' tilt' !lUl'po,,;!' ofs!udy 
lUg' diJI'P)'Pll t Illf't hod ... () f in t ('1'iOl' b)'lwillg'. ill t ('I'io(' ('hpll} i('nl Wll Jl t I'C'U 1­
lIlPlll 1'0)' jlbr'c't /'ol!(!'o!. (''>(I'rjol' \rull pHillIs fill' t('I)I){,l'ullIl'(' sludiC's, 
wutf'l'tigittlw",s oj' tlt(' Ilins, IlIHI IH'l'fol'IJt:I1l1'1' of (h(' billS foJ' "h('nl 
,.;tOl'Hg'1' (Iullll' ;~··l'i. .HI (111'''(' bills (fig, ~;ll wl'l'p\hp s:Jlll!' S[ZI' lIlld 
"illlilaT' ill df' ... ig'lJ. l~ ft'l't widl', Hi J'('('( jOllg. HI f(,p( hip:h to 1'11\'['S, 
p:n bIt, roof. lillill~ door' itl p:U'b gahl!· ('lid, ('Ill plyiug' do,"' in elllf' ~id(' 

l~ ;-;"" fllolhlll" :1. 1', 1. 

• 


• 

• 
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wnll. :-;ill~dl' wnlls of drop Riding. and n Rhiuglr I'oof. Earh bin lIPId 


• 1,:)00 bnslll'ls, Thr('e billS Wpr(' prr(nhrieutpd (waU s('rtions holt('(l 
tog!'tJWI' on til(' jolJ I; oOWI' bin:; \\'('1"<' pJ'l'rllt. 'I'll(' 11lipr1or wnlls wpre 
Uptlt('d i'lIl1lPcliu(ply uft!'!' Pl"l'('tiOll. but tlIP ('x(,J'ioJ' wnlls \\"PJ'(' not 
(I'P!tlpct unlit tliP :-;ltmnWl' of l04;L 

Euch hill wus ";uPJlol,,tpd oIl' th(' ~l'Oulld hy ;~(j !..;- by 1->- hy lti-inch 
C'Olle]'!'((' IHlil(lillg blocks ('([twlly SIHH'Pc] jn 4 1'O\\'''; nll1nill~ I(,Jl~1 hwis(' 
0(' (lll' hin. Till' bloeks \\"P1'(' laid with (lIP Ollt'llillgs horizoHt.II, to ~i\"(' 
gl'l'ttt('J' IH'udng SIU'j'tH'l' Oil (II(' gl'ollJld. HO\lghJ\", 1 bloC'k \\'ns 1I,,;('d fol' 
;'\,('IT ;)0 Imsh,i,Js of gl'tlin, .\"011P of (hI' foull(in (1011 blocks IIndl'/' UIlY of 
till' i I bins fnilp(l'lhis lHlllllw[' of hlocks WllS soUl('it'll( (0 \\'i(hst~nld 
tlH' "'{'jgltt of du' full b,ill, ~l'ltll'Il)('llt oj' tllp h](H'ksWHS not ";('\'1'1'(', 

\rJH'U tlll' billS \\'(,1'(' Jij!Pd, til(> blo('k" s('ttll'd fro'll I" ill('h olllirrn :-;nil to 
II,.! illClws on "01'(1'[' \\-indhIO\\"It soil. ­

• TI\(l hill" \\'(,1'(, iill(>t\ jn Oc,toh!'I' tint! .\"on'IlIIJ(>l' l!)4~ wjth l!leJI w]H'nt. 
('onttlil\in~ l)('t\\'(,(,11 11- 1111<1 l~-Jl('n'(,JlI rnoistllJ'(', TIl!' ('oIllJll('I'('iul 
~r;\(l(l wu"'. .\"o,:i l1t1rd \\'intpr in hins .\"os. 1:1 (j.l:{ 7,l:{ :-:, und l:~ 10; 
..\"0, ~ Hurd \\,jllll'], in (Ill' OtlH'1' 7 bins. Thc'f'(' \\'('I'(' JlO fHilul'('s in [lJl' 

sll'llC'lr:n'S al (he' til11(' of ril1ill~. D('fi('c,tiou of tIl<' \\'uHs WtlS ~l'(,llt('st 
(tthout I~ In('hi at tl pOln! ;{ [('('( frolll thl' Hoor and ;{ (('Pt from til(' 
('()J'llPJ'S of (11(' ('Jld \\':111,.; in [h(' I>ins willlon! ('O['lWI' ImH·(·s. Th(' 1ll:lxi­
Illlll)} wall d('II('('tioll W:1S (mIr oJlC'-hulr liS gJ'Pu[ in OJ(> billS with ('orl\('l' 

bn1l'(',;, 

• 

• 

• Frl,{HI< 2::' ,r/lod bill I(~I'([ ill ,lIu'ut slllllj(>~ lit 1I1I1('hin~(J11. ~hm\ill),!; I lip lll'l'UlI),!;('­
flll'lll "f I ht· \,O\H'I'I'\" fl)\IU(I!~1 illll I>lol'k", Till' wir"" at I hI' ('OI'II(-!''' lIl1l'hon't! 
hilt to hltd"d lo)!;". Pl'I'lillg I'lLilll \IIL" c'uu-pl! II." 1!;J','("l1 II "",I ll,,'d ill C'Orl"!rul' ­
1 iflll. 'I'll!' lillillj.( door ill )!;ubl,' dirl HoI !~:l:dmle II Itte!'. 
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\\11l'ilt was held in storilg(' in thrsp hins from 24 to :~O lllo11th~. lind, 
('x('('pt for spoil('d grnin whieh wus kC'pl s<'parate from th(· I't's! of the 
wheat. tJ)(' ('otlullPl'('i111 grnd(' of tll!' WhPll t ,ras the snm(' us ",11('11 plnc('d 
in storngl'. Olls('JTntion.'i mnd(' 011 tIl(' hills whell pmplipd \\'('1'(' liS 
followtl: 

;\"u. ].; 1. e' .\\)o\lt 120 \m"!uo),. of wlwat ;;pon{'{i n.' til!' m.lllt of wall Ipuk" Ulle! 
filling-door jpak. CakPlI !train 6 to 10 inrl1(';; thi('k (']iu!!iu!! to PlId \nllb and fluor,

SOe 1.1 .~,--.\b{)nt .2 bu"lll'b grain ~p()i1('d Jll jllnpl iOll of wnlI ,,('cl iou", Good 
quality lulll\)('r and worklllHH"hip ill tlli" bill, 

Xo. 1.;, /J, ,\\)Ollt 1 hll~hel wlll'at "poih·d itt Hail I)()lp~ ill \HlJl. Two 2- by 
O-ill('l1 ero:-,"tip" brokl'l1, ~idillg ill good (,'{) IH lit iUII. 

;\"0, l,r"f.'--~lighl ".poiluj!!' (if grain ul wall ,.,{'('Iion joilll,.;,;;hlil1);; ,!!;ood, 
So. 1,,5"-1)0 bu"ht'b of \Vh..al "pnilp(\ on IHlrlh lind -.ollth wall,"" P:'lw('ially 

IIlllipr filling door", Cakpd ,graiu Oil "kll' \I alb eau:-c'd hy rraek::< and :-aptlY board,., 
So, l.iH. IO() 1>u,..I1I'[:' of grain "POU('II. Xorth wall ('olllpl('tl'ly C'tLk"d to Pi 

[(,PI thi('k flt floor (,l'uler. upppr ('Ol'fl!'r" only wpr(' e!t'all, ;-\oulh wnll nhollt Imlf a..-. 
bad, i'idiu,g ill goud lIlt'c'h!luiea! l'olHlitioIl . 

So. 1 ~ ;,-()(J bn"hl'l.. of grain "poilpd ao; n l'(';-ldt of l!'alwg{' at fillin!!; dow'", and 
at wall froIU board" warpi/lg au!! C'rlwk:- OIH'llillj!, :-:idiJl!!; pull!'li [l\\tl)' froll1 "I ud,: 
aud "ill:; a..~ 1lI11l'h a.... 1 illeli, (lUI' .2- h\ 'l-i'Jell Iral1,.\'I'I',,1' til' and Ill)!' 2- bl' fi-illeh 
IOllgltudillal hra('!' hwkplI,' • 

So, 1.18."' (HI hn,,\1I'1:< of "IWll! "!>oih-d a..-. a f(·.;ult of wall leak,. I1ml poorly 
fittpd gabl,' doo!''', ' 

SII, Jd .'I.-·7;) I1n,.111'1,. of \I IIl'IL\ "poi/t·d bp['tm"I' of wall awl door ["ak.. ; Iilo"tly 
till' r('::-ult of door h'ak",

SO, J;J. }f!, ,-20 IJ11.;\t,·L" of \I !lpal "poU('d Jlw..;t!y by door h·ab. :-:Olll{' ('ttkpII 

gru ill flU Il rO!lud t hi' "i1b. 

Xn, 1.t I J,-7.) 11\I~llt'l, of grlllll "poill'd I,y wall :\I'd doo!' J·ak~. 


Brokpll til'tl Wl'I'P fOllud in two hins, III hoth hins (ill'S!' I\'p[,1' (h(' 
10w('1' "eL of tipi', III hill :\0. 1a:~ it WlIS till' tl\'O ~- 1)\' Ii-ill!'h tml1S­

Vl'rsl' tips ;')1., f,'Pi ahoYt'llH' f1001'. )Jo reason ('ould !w:dn·tl. fot' lhi;:; 
J)l'Pllkllg('. p~('('pt for th(, poor qUldity or 11.11111)('1' U"(,I.i. 1'01' .in unoth!'I' 
hin id('uti(':dly IlI't\(·{·d. til!' lil's W('('(' sound, 

[nsn{Jic'h'Jli lIuilill~ :Ind thl' p\1llill~ H\\'n\' (If tltl' sills f!'Ollt tl](· floor 
lIrC' gjn'lI us till' ('!ltl~(· {or thl' bmkl'll'ulld {';'I\(,kpc! lil'S ill hill :\0, J:l I. 

(if tll!' J1 hins 2 ('()Jlluilwd !lO {,OJ'lIPJ' liC's, :\OIH' of thp lotl~jllldillnJ 
Ill' I rHliS\, p\,S{, til'S \H'l'!' hl'Okl'1l in till'S!' hins, 

BillS :\ os. l:{!I. 1:~ J(l, nml 1:{ 11 IHld (1111.' ~ I()ll~it u<iirml (ips, Ull 

IIpp(,J' nut! tl lowl'J' t 11I'()1I~1t (hc' ('(,Jl !I'I', n 1111 WPI'PSllflkil'lI t I.' bl':1('('<1 to 
hoi<1 ill(' whl,ttt !lI'P";;;\U'PS, ",it h nnd wit hOllt {'OI'II!'1' 1J(';l!'ill~. Two of 
tlw..,(' lhl'!'!' billS (:\()S. 1:\ 'lD, I;>' 111 ('oll(nilll'd ollh· n jO\\('J' ;-;('( of-! 
lnUlS \'('I'S(, IiI'S (jl~ f('('[ ullin'!' III(' floor. •\IJ () IhI'/' 'billS ill I bis study 
('olllllitH,(1:1 lon~i( udinul nnd Ii !rall;-;\'{'I'S(, lips. 111 tIl!' ~ hill-- !tll\"illg ~ 
IOJlg-iludilllll nlld .j trans\'!'!"S!' lips,wilh :111<1 wilhout ('OI'IH'I' hl'llCillg-, 

110 hmk!'o IiI'S W('1"(' found, Quality of IlllJ)l)(>r ulld WOd,IIIHIlS!Jip \\"('1'(' 

('del('uti.' tis important us IlIlIllllPl' of til';;, 
Ll'ukag-1' or WU\I'(' thl'OtI~h poorly fil (I'd fillillg dO(lI'''' ill tl\(' g-abl!' 

('uds "'tiS tIl<' c·bil'[ l'IUlS!' or "]Joilu}!(" :\(':..:1 ill i III j>Ol't 11 11('(' Wit" sp{Jjjn~I' 
(':lllspd by [I'ukil!!;p \hr()u~h liIl' sieling ifi~, ~'l', ).litloj' "Jloila~!' \\'u,.; 
('ulls(,d by I('akn~(' IHld!')' ;;ills ill sOJ))(' of til!' billS uJHlll'uka(!1' tllJ'()u~h 
joiuts of Ifl(' sl'l'lion:d bill';, 

Lpll kllge' of mill\nll ('I' \\:1S (1)(' {'II i(·f dl'l'l'('( ill IhI's!' bill;;, Th!' \Iulb 
{'O)lstl'tH'tl'd of ]- by .'-i-IIII'll !lov"ll\.' lll11tr'lll'c1 sidill!!; Oil ~- by li-iJ)ch 
stuels Wlll'll ndl'(jlHll'{'ly llllilpd (1l0! li,ss tltlll!;~ l(,IIIH'liny twit" Jl~'l' iJOllI'!i 
()PJ' ~tltd f \\"(']'(' ~lIl1i('i('Jllry ;-,:ll'Oll~ to \\'itltstlllld IIII' "llI'HI j)l'(';-':slI1'l';" 

bill W(,J'f' HoI tight I'Il()lJ~lt to ('x('llId" J'uinwulpl', This ;;illlHtio]J \\':lS 
Ilggl'UYU.lI.(I11,\ Ih(, II~!' of ~l'Pi'1l Il1ml)!,!" or pOOl' qlllllity whpil IllP hillS 

I 
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were constructed. Shriuking hoal'ds nllow('d additioJ1nl wat('r to 
enter through the walls. Coyering the outside of the bin walls with 
metal or asphillt roofing will eliminate most. if not all of the leakage 
through the walls. ,Yatel'proof pu.per lining inside the walls also will • 
eliminate most of the leakage through the walls, but ('al'e must be 
takeIl when working ill paper-lined bins, since the paper is easily 
torn. The paper lining in 1 bin at IIutehinson Wits s("'ere)y damagNl 
by rodents .. and eX{('llsiyc patching would have been l'('quired had the 
bin been refilled. 

'I'll(' totalamounl of spoiled grain found in t)l('se wood hillS was (50:3 
bushels, or all axerage of 55 bushels pel' bin as eompared with all 
an~l'age of 4.5 bushels pr1' steel bin. 

Effect of White and Red Paint on Wheat Temperatures 

DUl'ing 194-:1 studies of the effect of pail1 trel walls on Whetlt tempPI'­ • 
at\U'(·s (p. (5) '\'rre extended (0 include th(' 11 wood bins at Hutehinson. 
For thls study the bins were (liyided into 4 groups UJl(1 pniJJtC'd dming 
th(' summer of 194:3 as follo\\:): 

Group 1.-:3 hin"" \HIII" pain(C'o with 1 COllX of whitl' jHlilJ(. 

GrollP 2.--{ hin~. wall:: painted with 2 coat,; of white paint. 

Group :t--2 bill:', wult.; and roofs pain(l'd wHh 2 (,Olltl< of white paint. 

Croup ·L~2 billt'. walb painted with 1 coat of rl'd I;ain(. 


Eight wlwat lemppl'ature l'rndings \\'r1'(, taken in pnch of lh('~(' hillS 
during' 1944. 

• 

• 

F1(;rnl:l 2·1.- Pill Ja ~; Hight. "(I()i1ap;(~ Oil ImIls CiltlSNI by poorly fit ted filling: 
doors ill p;ahlt· (,Ild:;; left, leakn~e through siding craeks. Wheat III I'torage 2}; •
years. 
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Statistically, signifi.rant difi'el'l'll('es O(,(,UlTPU bpI W('('U l11p ,dlpat 

• 

temperaturE's in these bins, hut the uiffcl'cuC'{'s ,,'PI'(, mon' lik(']y ('llUS(,U 

by ins('ct infestation than by t11p cliO'erput p~liut trl'nlllll'll(;:; 0)1 the' 

outside walls (tah]e :~;)I, A (liffen'll(,e' ill thp ullllllnl a,'prngl' w]H'ut 

tC'mpl'l'iltUl'PS ]lP(,,'C'('ll ally:2 hill:; gl'l'atpl' than 2.:;:; F, wn~ (,(\Il:,idl'l'!'d 

;:igllilktlll t. A('('onlingly, tll(' ",hc'il t t PIll])(>ratlln'-; U/lloug rlll' :1 hin:, 

in group 1 and the :2 billS ill gl'(HlP :~ ,,"Pt'(' Hot "iguiliClllltly ,lill'l'l'l'llt. 

but thp whl'nt t('lll]ll'l'UtUl'(,s amoug tIl!' -! IJil!" ill group 2 nnd IH·tW{'t'1l 

tl1{' :2 billS in group 4 \\'P1'l' l"ignifi(,t!ntl.'- dilf('1'l'llL TIH' "igllili!'nnt 

ui1fl'J'PI}('PS umollg tlw billS ill gl'Oup 2 W(,I't' tlw I'('sult of t I.!' low Il'l11!Wl"­

ntul'PS n'('orded fol' hill :\0, 1;3-:1 nnd tll(' <li11'l')'('II('(' 1H'I\\p('ll Ihl' :2 

hillS ill gt'Oup -1 Wt1S {'nuspd hy till' high tl'lll]Wnl1 \In',; J'1'\'on\t,d [or 

bin Xo. 1;\ 7, This nnalwi,:: ~h(Jw::; tllt1[ ('\"('11 /Jill::; tltut m'l' ,.;illlihll'h­
tn'lltp(i mny hny!' tpmp('I'Lltl1l'{'S ::;igniiit'llutly dilJ'('l'l'lil. • 


• 

, \Yhpll comparing thl' gJ'onp llYP!'ngl' 11'!HPl'I';ltlll'I'S. it wn,.. fOllnd that 
;lJlpaI'Pllt]y tll<' IlUmbl'I' of ('oat" of whiu' puinl Oil I h!' \\ a I]", JUndt' IlO 
difi'('J'('lH'P illsofaI' u::; Ihl' whl'at 1('IllJH'I'ntlll'p" WI'I'\' "OlH'l'J'lll'(l. 

l'{)mplu'ill~ g\'aill 1t'l)\pl'I't![\lJ'(':' in grollp :L whi{'1! had '2 ('(ltIh I1f 
white. ptlill[ Oll "'nIls alld roof,.;, wilh tho,.;!' iu gl'!l1lp,.; 1 lllld ~. Ihl'j'l' 
wus all aypr;lgl' difi'!')'('lwt' of l.li'·: F, (;J'Olljl;; had tltt' hi~.dlt'r (('/lIIll'I'­
atUl'l', '1'111' o)lpo::.itl' would 1)(' <,xpp('(pt! to Ill' ll'!ll' IWI'nll,..(' of tilt' 
pnintl'd ('oof" ill gl'oup;L :-;Oll\(' dis('I'pp;lIwi(',;. I1m,j'\'!'l" an' ('.(,.;iIy 
poini('d ont. }'Ol' (,XHlllpll'. till' tl\'Pl'tlgl' tt'llljll'ratlll'l' ill hin :\0. I;: Ii 

in gl'Oup ;1 W;I'; Bot :;il,!:llifi('lllltiy Ilitr!'l'(,IlL from t II(' a \ I'nq!!''' in hil.,.. 
Xo,::, 1;~1. l;l'~, OJ' 1:;,11 ill g-roup:2, ,\ppaJ'('Hlly, tlll- hight'l' tI'IU­

JH'l':I(UJ'l' from u lip:!\",\' ins('l't illfl's(Utioll in :\0. I;; !I groujl;; awl tIj(' 
lo\\' It'Il11H'l'Htlll'(' in .:\(l. ~:l ;{ 'g-I'OUP 2, r'Hu,;pd till' ;n!,j'ag!' «Iill\'1'I'III'1' 
Iwl w(I('l1 t hl'sV group,; to bl' :,igniti(,Hn t. 

Tl'llllH'nllUl'('S ill tll!' J'l'd-pn ill II'd hill" ill gl'Olljl .f WI'I'I' "igIlilh'Hutl,\ 
{lill'pl'l'lIt fl'olll ll!o,.;l' ill g-I'oIlIH I :Jud :2 bllt Hot frolll !!I'ou[l;L [lpn' 
again till' high tl'ltIj)Pl'tlllll'!'S ill OUt' bill t:\o, 1:; 7 l'ltl-.('d lit!' grollP 
ll\,!'I'H~l' ('lI<JlI!!h (0 !link!' tl](' difl'l'J'l'll(,(, :;il.mifil'llllt. 

FI'(;m 11 st lidy of tlt(' 1l1ll11bl'I' of il1,.;('(,t~ PI'I'''l'llt P(,j' l,lion gl'Ullb of 
wll('u! Hilt! t 11(' lIlHximlllll Il'1l1 Jll'J'Il (IIn-,.; fOlllld ill tlll' bid", (hI' hi;.dt 
\\·11(':11 Il'mpl'l'lltlll'(,:; iJl 1J(O"t of tlll''';(' I)iu" tU'1' 1'l'la(I,t! to Ihl' IlIlIlllw!' 

of ill~l'{'h pJ'(,~(,lll tllld llO! :;() Jll\((·1J to t hI' 1,\(1(' of (),I'Ulllll'lIl. Thl' 
fPc! hill rX o. 1:;"71 had lllP ltig-hl'"t Il'1lljH'I'a (111'(' lI\'('mgl', It l!l..,O IWII 
til(' gl'l'all':,1 ill";I'C( illfl',;t at iOIl ;llId t hl' higlll'..,t llIHxilllll1Il !!j'ltill Il'IIl­
Pl'I'llllll'l'. TIlt' low!',.;l iIbl'ct pOjlulation:, \\"('f'(' fOllillI ill bill" Xo,.;. 1;; ..\ 
nIlt! l;~·;l fmrn .~('()nJl':: I nnd 2. TIlt,,;!' hill"; ul..,o lwd tht' lOWI',;t 
tPJIljWI't\ I lll'l'';, 

EHeel of Inside Walt Treatment on Insects 

Tltl' in:;id!' "alb of !I of t lit 1 wood bin..; W('.!'t' t l'!';t t t'd \\ it II t'!lI'lll­t 

[('al:;, whi(1' fluill!. 01' lilwd with I\l'ufl pap!'I', E'\Tl'pt fot' tht· kl'afl ­
pap!,I' ('O\'('I'illg, Ih(, illsid(' \\':\ II t 1'1':1 t 1I1l'II h \'('t'!, illt ('lIdl'!1 n:; ill";P{'l 

• 
• ('fmt 1'01", Two of IhI' hill'; J'(,l'l'in·d Btl i11"jd ('\\ a It \1'1'l\ t lllPlI t. ,\('. 

cording to till' ill:'('('( ('Ollll!':: ill ill!' 1 I hill" ! tubl!' ;;,-) 1. Ill('!'!' painLing 
01' spI'nyillg of I h(' ill"idl' wHlls and IloOl''; ()f \\',)(Jd billS tlid nol pOll\ rill 
in,::!'!'!s. Till'/'(' \\1'1'(' u"; lIlaHY and ";Olll!'! [1111'S l!l()!'!' bbl'!'!" ill till' 
trp;}!pd bill:' than in IItt' 1I1l11'('nlpd hill';, :'Itosl of thl'sl' bins hn(1 to 
IH' flllllignll'd Oil!' or JJ\OJ'(' li!llPs to kpl'p till' in:;!'l'l plJpll1ntioll HlH1Pl' 

control. 
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TABLE 35.-Avcrage and 1IIaxim1l1n 1vheat te1nlJCl"atw'cs and nwnbcr of insects per 1,000 (J1'ml1s of wheal in wood bin.~ at Hutchinson, 1944 ~~,-,-::-~ i:C_'. 
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t Sec t11>10 34 for cxtcrior Jlnd interior tn'alnwm of bins. 'd 
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Comparison of Wheat Temperatures in Wood and Steel Bins 

Ayerage wheat tf'mperatures in the 1,500-bushel wood bins were 
about the same m the temperatures in the l,OOO-bushel steel bins 
(table 36). Average temperatures for the l,OOO-bushel steel bins 
were estimated from the temperature curve in figure 20. "Wheat 
temperature variations within wood bins are similar to those in steel 
bins. North-south cross-section temperature variations in wood bins 
at Hutchinson m'e shown by isothermal CUL"ves in figurc 25. 

• 
:I: 
I­
a:: 
0 z 

~ 
36 

MAR. 25, 1944 

:I:• ti: 
o 
z 

JULY 28, 1944 

~.e 

BIN AVERAGE 39.0 "F. JUNE 23,1944 BIN AVERAGE 67.4 oF. 

l 
50--­

_---.55,--____ 

C~ 
:I: 

::> 
I­

~ 

-') 
BIN AVERAGE 74.6 "F. NOV. 24,1944 BIN AVERAGE 58.7 oF. 

}'IGFRE 25.-,Yheat temperatures in l,500-bushel wood bins at Hutchinson, 1944. 

TAHl,E :Hi.-Averaf/e wheal temperatures in the 1,lJOO-bnshcL wooel bins and 1,000­
bushel sler-' bins at TJlllchinson, 1944 

.-.---...-.---- -- ---··---·-----1,~~::t~:(;~~i~=,;:,~ 
Dule I 

\\"oole billS! Steel bins 
..--------~.~.~.•---~---.-.•--, 0 P. 0 F . I 

.Feb.2 ••. _ ___ .. _____ . ___ ..... ___ .......... _ . 

;\fnr.25.. _. __ .,. _____ ..... ___ .• __ ___ •. _ ", ___ ",,_ 

;\lnyIO .... _.. , ..... __ . ____ .................. _._ .. _ __ .......... 

Jull023 ...... ______ ._....... 

Jl1ly28 ....... .--- .. -. ... 

AI1I\'.2O.. _..... _. . 

Oct. 0_. ...... -0 ........ ____ .... ____ ..... __ ...... ", __ ." ___ .... .._ .... 


1\"0'•. 24 .............. _.... _ ... " •. """ __ . __ ....... __ . ... 

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

SPECIAL BINS 

4:;.5! 44.0 
:J8.7 45.0 

_. 40.5 40.0 
!l7,'11 !lO.5 
74.n I 74.5 
70.4 77.5 

__ ... , 7l.!l 71.5 
no. I 01.5 

..-- ­ --.-.~.~.--

Not only WtlS sLed ill short supply cady in. 1942, olltthc supply of 
sensoned Itunbcl' and nails was also shol't. Conseq tIently, to help 
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furnish the llccessfI,ry spn,co to stor~ the surplus ,,'hcat, lnal1Y manu­
facturcrs dcsigncd storagc bins using an," lumbN ayuilable 01' other 
cOllYcntional building matE'rinJs. SrYcJ'nl of thesE' ullits were et'cetccl • 
at J al1lcstown and sLudiecl flS to tlwil' gl'llrml PCd'Ol'l1liUl('C as storngc . 
bins. ·Dimensions and grneml construction fentul'Ps of some of thes(' 
bins nl'c gi,'en below. 

Twelve,Sided Wood Bin 

A 12-sicled ·wood bin, 15.:3 [pet in (linmptpr b," 8 feet high, was 
llln:de of 4- b.," 8..foot panels at ,TnnlPstown (fig. 2U). The l,l:::;O-bushel 
bin·}lfI.cl no roof door aud \\"as fiJl('(\ thl'Ollgh n l'pmoYtlblp YPlltilaLol'. 

• 

• 


The hill was lilk<l with \\,1wn[ in ),L1Y 1942 and Pll1ptied :,[ny H14~L 
The gl'ni.1l WtlS in good. condition (IX(,l'pt [OJ' 2 busl.H'Is of spoilngn 
iu'ound oulsidl' l'dgl' of' floo/' (,tUlSl'C1 hy Wal('I'll'Hkag('. Till' Yl'ntilnto/' 
let ill small Unl.OlllltS 0[' ~nO\r during sLOI'/tlS, '1'11(,1'(' \\'('/'(' lIO sC/'uetul'nl
Jailul'('s in [,h(1 bin, 

Tongue·and·Groove Wood Bin 

At ,Ttun('sLowtl OUll'!.' wood hins W('I'(, buill of lon~nll'-tUl.d-gt'oon' 2­
by 12-111('1\ plank, \\'itIt n fashiolled ('ornl'I'lo('!';: nnd hOl'izoninl tips nnd 
uprigltls (fig. 27), This ('.olls(l'ul'Lion p!'ovided (,Ill' 1ll'('l'SSIU-Y strength 
to resist (·Iw [ll'('SSlll'P of Lhe grain. The bins we/'(' about 15.5 fed.. 
SqUH.t'l' and. 10 or] 8 [eeL bigh. The plank walls Wl't'C' oas,\" to eroct 
and roC( 1I ired 1(,ss labor (wcL n:1i l.s to build Lhn,/J lhl' ('oIlY('ntiollal wood 
bin. \"~heat ,,'ilS stored in t.hose bins from 1. to 2 j'O!ll·S. ~pOiLilgO of 

http:gl'ni.1l
http:bin�}lfI.cl
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• 


• 


• 
Fu; t -Itl<: 27.·-.1. Tot!/1:lIP-ancl-gJ"(w\'P \rood bill, wit It fa,;l1iOIll'cl ('01"[11'1' lock Itllt! 

ltori;r.oliial tj,,~ Itlirl upl"i/1:ltl,;; /3, t'poilage It" l hf' resl1lt of WIllf'I' iPl1kage Itt (,Ol'lll1r 
lo(;k" l1lid wlwl'(' i"l('I'ttalill'ac'pii prolruded, al ,JaIlH'tiloWII . 
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v-aryingamounts was found in the bin as a result of water leakage 
through the corner loeks and on the walls where the internal In'aces 
protruded. Flashings over the protruding braces prevented leakage 
l1l'ound these openings, but no completely sn,tisfaotol'Y method was 
fonnd for preventing leakage through the intrl'1ocking corIlt'!' joints. 

• 

Ron-Roofing Bin 

Figure- 28 sho\\'s a 400-bushcll'oll-roofu)g- bin built at Jamestown. 
vValls made of 2 layers of heavy 1'01lroofing cemented togrther were 
supported externally by 2- by 4-inoh studs, 16 inehes on center. 
The floor was a 'wooel platform, and the roof consisted of a single layer 
of rolll'Oofing. After 22 months -of storage about 3 bushels of spoiled 
,,,heat was "found on the central PI1l·t of the floor ,,·here water had 
accumulatecl after entering tlu'ough leaks around the scoop door. 
Some spoilage was found around the outer edge of the Hoor at the Hoor­
wall junction. vVheat sticking to the sides ,,'as not deteriorated !1lJd 
'was easily brushed ofl'. 'rhe final grade of the gnhin ,,-as still No.2 
DKS, as when placed in storage. 

0;..: 

Rectangular Insulation-Board Bin 

'fhe walls of' a 1,050-bushd rectangular bin, 11 by 15 by 8 feet· 
were made of %-inoh vaporsealed insulation board externnlly supported 
by wood framing. The outside of the walls was calked at the studs 
and sills. Roof was also of insubtioll board, but it was eove.l'ed with 
roll roofing. A wooel floor on skids was used under t.he bin. Wheat 
was stored in this bin for 21 months \\'ithout failure from wheat pres­
sures or storms. The initial grade of wheat was maintailWcL and less 
than a bushel of spoilage' was found, which was ('[\.Used by the use of 
platform type oJ fioor. 'rhis :floor permitted water leakage at the 
floor-wall junction, where calking failed. 

• 

FWl'HE 28.-Roll-l'oofing bill sUPPol't.ecl ext.el'ually by 2- by 'J-incll Htuds, at 

Jamest,owl1. 
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• 


• 
F[(intl'; 29. "-Cirl'ular bill. l1~itl~ wallboard plllll'b for \\"all' atld rooF at .Jamr"luwlI. 

Thi" hill ('on! aillt'cl JlO "p:l('P:, Iwl W('('II l ht' 2 ,,1Il'!'l ~ of w!tIlIHlarrl. 

Circular Wallboard Bin 

}i'iw c'ir('ular bills 1,()()()- to 2,2;j()-hushd ('uplI!'ily W('J'(' ('I'('('[.('d ul 
,[aml'sto,,'n (fig-. 29). Thl' wl111s ,nl'e nlt)(jp o\' pl'dnbl'iC'Hll'c\ pluH'h; 
('onsisting- of :2 sll('pts of 3s-i.l]('h wullbounl g-lu('(l togptlw(', C'itlwf" with 
OJ' withollt. spne('l'S l){'tW('('1l t1H'Ill. Tlw \\"nIls \\"('1'(' sllPI)()rt('d with 
,;tl'p1 hoops und. \\"PI'(' from X to 1() rpet high. Roofs W('J'(' also of 
\\'aJlbounl. SOllll' of thpst' bins had wood p1ll tforms for floors, and 
solllP hUll s)ll'l'lS oJ wullhourd eoatpd ,,"ilh asphnlt that \\"('1'(' bid on 
dirt Sills. TIt\' pl'i!H'ipa1 fault of thest' bins was the failur(' to ('xei.uc\l' 
watel' tlll'Ough till' [lund joiJlts n.nd at thl' 1I0ol'-wnll junction, \\'hil'\J 
J'('slIlt('11 ill ('x(:1'ssi\'l' spoilage, runging from :3 to JX bw.;\)l'is J)('f" bin. 

Rectangular Wallboard Bin 

'I'll(' rnol'. \\'Hlls, llnrl floor of n. 1,200-busllPll'('cuUlgulnl' hin (12 b.\' 
20 h,\' 7 ft'd) W('I'(, (,OJlstl'ud('d or ~%2-in('h asplwH-imprl'gnutpd \Yn.11­
bOHnl slH'athing ('xlc'I'Il11lly splw.pl.l 12 1]]('h('1:'\ 011 ('('ilter (fig. :30), 
ComltJ'uction of this bill wns si1l1ilHl' to t.1l(' l,()fiO-l>uslIPI insulation 
iJoHrd bin, {'x('('pt for till' diminution of till' plntform typ(' of floor.• 	 .\s lll'Nlult, tll(' only spoilage' fOllJld \\'t1S t\,\)out 1 pound of cnkE'tl grain 
on til(' nOOl' (~lt1ls,jd 1»' it nail-hole' ]{'uk in til(' 1'001'. 

• 	 TEMPORARY GRAIN BINS 

.\t li!llPs a hlnn])(>J' ('rop 01' wlwnL is produ('t'd lImt ('\toke's all murkPl­
ing facilit,j(>s, Jilh; nil llyailahl(, l)(,t'mnlH'nt stoJ'ngl', und stillleuves an 
csccss t.\w.t hns Lo IX' pil('(\ Oil the gJ'Olllld Tully exposed to Uw weather. 



:-IS ',\!'I!,l! \1. III !.J.I:ll:\ lll::, l'. S IlI·PI. III· .\(;jUt'\ tTl In 

• 


Tlu'"" pd(·~ Ill' 1\ III nl .11',· ';lII'I""l".! In 11','IIl"ln!/I'I" alll!lllli1~ "r ~p"i1ng'(' 

!!ltl,·~" 111(l1(',j!l1 a ,lllIl'llilll,· Tn b,·lp uloid Il/iwll Ill' 111l" 111111"('1'''-.:11',\ 


"'pod,I';" "I' ,.\"' ....~ II h,·at. ""1 ,·ral !\ p('~ III' ll'lIljllll'lln ~1':t11l 11111" 11"1'1' 


l'I]ill :11111 ... 111,il,·" :11 Illjld'l1t~Olj lIlid ,1"111t·~tlJ\\lJ. Th" ,'lI/J;I!·itl'·... Ill' 

Il\!'~,· I,jll~ rlllJ~,·d frlllli \111. I" :2,:2,jll j,1I ...lu,k TlH'\ \\"1'" IJlPlt of 

Illal,·rwl,. Iltal an' IIII! ('{(lInw IIh l/~(·d fill' ~lflrt!:":" I,iil .... :-IWIt ;I ... 1111'1' 


!tJl·~11 <ttld l\al"l'prll "r pal"'! .\ d"~('l'iplillll "I' 1111':-" l!lll~ :mel tlll'II' 
 •
"lJlldili"ll~ 1I1ld Ill<' "{Illdi!I"ll "I' lljo' \\h"1I! III i11t'l[j 11111'1\ "!\ljJtil'd HI't' 

A Covered Rick 

\~ ;) !c>rnp"l'ar,1 ~t"l'1I;.!·" alll l 11l ,ilill hll~I\I'I~ /II Ilh"a' \1,.1',· pIn""d jlJ 
n rid, :11 111I1,.[1111~"11 alld jll'ol,·,'kd 1,\ I'IlI! rOIl/illg' Ill' \ ariolj.; !.!Tud,.". 
1I11d "'''Ill" ollwl' tllal,·l'lal .... Till' rj,·" \\n ... :i1l1llll Iii fI..·t \Iid,·, ;:" 1'.... 1 
Illllg', 11l1d :;'·1'",.1 Ili:.::11 at til!' p"nk ,,1' litr· I'id!.!',· JtlltJ:I"il1~ IIIl' rid" 
1'()III'lIr"iJI~' lIn' I:lld ,)Ill Itl fortI! :I litHII' (lP"11 Ilbwh \Iltl'al II a ... pil(,c1 
HlId ...hap,·d Tit .. 1,,,11 I'tlllfill~ Ila" tlll'lI "lIlTi!'d 0\,·1' tIll' g'l'aill If) fOl'lll 

1I 1'11111' 01' "(1\"1' . Ii!.!', ;\ I Tit,· I':ll'i()lh g'1'11r1('", tlr 11I1I1(·l'iaill",.ri ilJr,\Jldl'd 
,.-,-II" :I"pl",lt-~lItllrlll(·d 1',·11. ;;,-1-,1.;-, ,-,.J., HlIri li".pOlll1d llli"II-';lIrf:I!'C'r! 
1'011 rllofing', awl ;\'·'-/ltllilld lal"·"llrlu,',·d 1'011 1'1l01i1lg', all Ill' Illti,'ll \\r'l'(' 
Ih,·t! hotit :/ ... 11011" and 1'11111'. ,\1",,, Ihl'd ill tl,,· l'iJOr 1\1'1'" "trip... 1)1' !Hl­
[>Olillr! lllill!'nd·-.lll'l\w,·d /'1.11 1'1l11lil1~, :2 ",h,'(·I ... Ill' ,'oI'I'lI!.!·:llC'd /ih'·l'ho:ll'd. 
IIl1d :: "11I,,.h "I' IIWI,.[JI',j \ HjHll'Pl'ollfl'd ill-;ltinlllJO!' IHlHl'(l. ()IlI'-lIalr or 
ri,,1..; I\t!" "II('I"""c! 1,,\ :2- 1,\ 1:2-itl"it l)I}nl'!l~ ",('1 Oil ('r1~'(' alld "'''P/lOI'It'd 
Ill' -;tllk,·.... TIJl' lIilJl'I' lnili \\:1" ,'Iwl() ...(·d ()Ilh h\ till' I'lld ri II!.!', 

. LHJh ill IllI' IIl1ot' \\1'1',' tllli ('I'IIlI'IlIf'cI, n.llI,'f lap... \\"J'(, Ir,·ntr·d ill • 
1 \IH,\"'; 1'.\ 1-11,\ 1-11)1'111)1):11'11 I\n" pJ:w(·d IIlId .. ,·IIII' lap Hild r'('­
lIIe'lllf'd IIl1d !Jaile·./: 1:2, lJ ... imi/nt' In'HI!1l1'111 \Iilll:l latlt Jl:lilr'c/ol'PI' 
IIii' Illp: ,;1 lap" ('I'lIl1'llll'd Ilitit the' ('old 1'l'llll'lJI "I/pplil,d \I'j,lt lilt' 
J'oll" of mlllillg': :JIIII ·1, IH/I'" ("'lll!'lIl!'d \\itl! 11111 u"'pllHlt. Till' jllilll 
ill tlJl' l'Ol'l'llg'al('c[ lila·rI)():It'd \In ... ln/l/ll'd :2 "nITII!.!':t1it)II~, IJlII IJ(l ('('lIlt'lll • 
II",·I!. '1'111' 1()lJg'II(·-~lllr/·!.!'J'IH)11' joint ill lit" iIHJ!lIfitl!.!, lunll'd Ira'" 
('('JilPllt!'l[ \lilh bOI a"'pllllil. 
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Fl"rHL al. T,·lt'lH'rary ,\(l['agl' inl'it'k of (l,l>1I11l ,j()O-llll,Ilt'1 c':Lllac'it,l: JIlltC'hi!lHllI, 
1\11;" 

• Th(' jlortioll of Ilw !'il'k Hot 1'!}(,j()'<l'ri I\"jtll l)()uJ'd,; 1111" J'l'inJ'oJ'('('(l Idtll 
,..Ink!',.; n1 dll' Inps in [111' l'O()fill~ alld \\ illl a 1- hy ,1-illI'!1 hOlII'1! 11S(,</ as n 
nailillg ,.;[rip H[ ill!' ('!HI. 

TIH' ri('k ,.;(ood fot,:{ Ill!JJllh,.;, Hlld 11'11£'11 tlJlc'OI't'J'l'd til!' h'ljk or ([Il' 

w111'\\[ was ill good ('OllllitiOlI. Thl'l'l' W;\S 110 ,.;poiitlgl' tit tIl<' ridg(', hut 
nl){)llt 20 1)\1,.;111'1,.; of spoil I'd gl'nilJ 1\"1\"; rOlllHI Oil thl' lIoo!' (':1II";C'<! by 
Ic'ab thl'ollgh 'i OJ' 10 jHlllc'tlll'('''; llI'nr lit!' Olltl'I' "c!gC' of III(' ('O\'C'I', 

Th" lJonr'd ('1\('10";111'1' of 11l(- rick ";('l'lllpd to b!' d(ltrilll('lltnlmlj\('I' titan 
h('JpJ'lll. '1'11(')'(, WtlS n ((,!1l1I'Jl!'Y to COl'lll :t dip ill (II" (,OY!'J' J1('HI' (hI' 
bonrd. ~r()!'f' ,;poilug(' [l('('lln'l'd tI( thC' !JoHnl "rig(' {liun n( th(' 
un[lt'o(('('(('c[ !'dgC',.; of {[lI' I'ic'k. 

Xo rlif['I'I'('w'(' ('onlc! hI' oi><;('I'\'"d frolll 1.111' l'arioll"; gl'n<i!'s of j'(,ofillg 
Of otlH'l' IllH{('I·jnb lI"t,d OJ' ill tltp ,'uJ'iolls 1l1plhorls of lllakill~ tIl!' lup 
joillis. Tit .. rir'/.;. /IOII-('\'Pl', \In" diffj('lilt to ('Ollsll'lWi, Hnd :,P 1'('1'11 1 
u('('ir/."utal ]JlIlH'tlll'PS \\'('1'(' IlIndl' ill tlJ(· !lIull'J'in/,.; dlil'ill~ ('oll,.;lJ'IICtiOIl. 
whir,1t is H IJlHjoJ' "isnd\'llll(H~(' 10 this )lll'llwd or 1(,lllpornl'Y st()I'n~("• 	 Thml~lt this ric·k \Ill" \\-ntl'!'li!.dlt. 10 oj'dilllll'l' I'll ins, il had no! h('('ll 
slIhjp;'((·d 10 nny hail"'(()l'Ill";~ :\0 1I1111"11:1! i/J,.;C'c,t pl'Obh'lll:' In']'(' 

('llf'Ot/1I1t'fpc! ill (hi" 1lll'Ihod of "lort/gu. 

A750,Bushel Wire,Mesh and Kraft,Paper Bin 

• 
TIJI' ",i)'(' lI'ull or Ihp krul't-jJll[JPJ' l,ill nl llt/l(,lJin,,;oll I\HS mad(, willi 

a tiO·foo! l(,ll~IIJ of 4,'1·i I) <'1 I \l'id!h cl· hy cl-iJH'/t IJlL':,;JJ, 12-gtl~(' ",pldC'd 
Idn' l'(,ll('ill~ I'UI'IIl!·d illto II Hi-f(Jot <lin Ill!'!!')' ('in,I!'. Tit!' ~ ('IHls of till' 
f('J}('ill~ \\'!'l'(' joill('d ]'Y ol'('r/tl)Jpillg :2 Yl'J'(ien! slnlllds nild (yillI1 ('(teh 
or till':'w ('I'()ssillg,.; ",ilh 2 (11,'11" of lril'l' (fig. :)21, TIll' wi!'!' II'nll was 
lin(,d \I'jt h H riO-iJlch Idel t It of ~-jlly I'pi nfol'l't,!l kraft pUjl!'!'. Thus, (!I(' 

paper pxLl'w/pd /1. fool aboy(' tlH' ft'I1(:ing If) fOl'lll n tllck-in I1ndl'l' Uw 
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• 
FIe,! HI, :l:? .1, Te·:I;)",I':ln (:iO.I"I,I",1 1I,·lde·<! \1 il'I··III1',h alld I,ran 'P"J"T bill. 

H. ;-;l'"ikc! ~r:tl!' aft. I Io!li Ila' (,llIplie·d. \\ltl'at iI. ,1flnt~p '( 1111111111" 
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WH EAT S'rOHAGE HESEARC'H 

con'I', Similur kruft pn/>pl' was llH'n ::;IHlj)('d 10 form u 11001', plnc('(l 
insid(' thp wuIll'h('c'l but l'xtpwling- up tlip walls n [oot,ulHl pn'sspcl 
down at tIl(' I1ool'-\Yull joint. Floot, S('('!iOJlS W(,I'(, lupp('d 4 t6 0 im'hc's, 
.A('{unll,\", tlu.' hin ,n1s rOllstru('tp(1 ",hill' )wing- fillPd. First 1l)(1 flo()!' 
wus ltlid insid!' thc' win'·wall ring- unci g-rnill pilpd 011 it ulltil it /'('UclH,d 
the' ('dg!'s, ~{'xt. (h!' wulllining \yas put up l>('t\\'('(,11 tll(' fpll('ing und 
uptUJ'll of the PU[WJ' I!oOt' nml gl'uin WHI' pusllPd ugninst it tn hold it ill 
pltwC'. Thl' hin WllS t1l('1) Jillpd until til(' lP\'('1 of tllP \\'jll'n{ wus about 
4 iW'lws uboyp tlll' top of th!' JpllC'illg a( Prlgps ulld 2 JPpt abo\'(' it nl 
c'(,JHpl', Thl' ],(,HlUinillg I-i inc·ilps of tIl(' \\'nll lining \\'11" tJH'll lUI'lH'd in 
onto tIlt' gl'l1in to fOl'tll tlH' tuck-in tlllclP1' the' ('on'J', '1'11(1 ('0\'('1' 
('oJlsistpd of :~ Ipllg!hs of {h(' krnft PH)WI' pluC'pd in ptU'11Jjpl fashioll 
H('rOSS t11l' ('oll!'-shuj)('t! top of tit!' grnin illul lapped It millinllun 01' 
1 foot; it WIlS ludd in pltlc(' by II wi 1'(' Ill'ttillg 0\'('1' tlll' top nn<l tipd to 
IllP wnll \\"i1'C', XOIH' of t 11(' join ts \\'('1'(, c'PIl1I'nt('(L 

TIlP bin stood full fot 7 months, Int(ll'illl aitl'llliO/l cOllsisi('d of 
turring a f('w JJlHIC'tlll'PS or ubl'usiolls in till' pUj)('1', chip(J,V ill tIl(' waIls, 
ndjllsting tIll' lllH'hol'ing of illp win> lwUillg O\'PI' tl1l' ('{)\'C'l', stmight­
Piling Ihc' win' wJ)(I[,(> pUllctUl'l'S .in tIl!' ('o\'!'r SPPIll!'d. ill1ll1iJ1(>l1t, and 
J'l'l(lY(>ling tIl(' wJ1('(I t 1I1l!1C']' lap;; ill thl' ('on1" (0 illlPJ'OY(I top dminugl', 
Th!' bill wus not subjPetpd to hnilsiol'l11s, 

111 7 JllOllths w(latllPl'ing lwd c'J'odpd tIl(' llPP(,J' ply of tlip k],aft PH)WI', 
pxposillg th(' tal' Cl'lllPntillg llltltl'l'ial lind tIl(' ]'c>info!'('ing filwl', ltnd 
jHlllC'tU]'('S O('C'UITl'd .ill tl1(> C'O\'(']' ill s('\'Pl'ulplu('('s, '" utI'I' ]c'ukngl' 
tll],Ollg-h tl\I'SP ])llJl('( lIJ'PS ill til(' ('()\'('I' fOl'lllPd columns or mold~r and 
c'nkC'd gl'ain tnth£' bill tfig, ;~~,!J), Wntp], from ('0\,(,], l('uk" nlso fOl'lllPd 

u Ittyp)' of ('ukpcl grnill nt till> 11001'; howP\'(']', SOIlW 111 oist1l 1'(' ('unw lip 
fI'o))l tlIP soil /)c'llC'uth, Thp kraft ]HlfH>I' of tite' .1100]' wus ('olllpll't<>iy 
rot t I'd, with Ji (11(' sll'Pllglll h'fI ('\'Pll in (h!' l'pinfol'C'illg Jih('J', Tlwl'l' WfiS 

I!'ss spoilngC' O\'PJ' tllP kraft-papPI' flo(lI' thulJ 0\'('1' roll-roofing floors 
IIsl'd ill olhC'I' tpmpoI'UJ',\" hins \\'1](>['[> I('nks [hl'ough thc' ('0\'[>1' Jw<l 
]'('sl!l(pd in \ntlpl' Oil tIl(' f10(lI', In roll·roofing floors, tllt' wU[c'1' ('nnnot 
('S('U»!' awl lilp hlypr oJ spoiJl'd gmill hp('oJl]'('s iJl('[,pusiugl)' d('PjJt>I', 

.\/)Ollt l:~() Imshpls of spoilpcl gl'llill Wlls found in tll(' hin. .\.rntlwr 
lH't1\'y illfpstatiofl of ins['C'ls wns found. nlld ('ollsitlprnblp I)Puting wus 
(·yjclC'll( in (,()JlJl(,(·tiOll with (11(> 1:tl'gP lIlnssps of <111m» !!I'nin, 

Thp s[ IIdy in [his bill sllo\\'pcI that: 
1. ]{c·inJ'(;/'(,!'d \\'a(p1'])l'oo]'('<I kraft pn))(Ir ('Ull 1)(> lIS('t1 to jJl'O{(·('t graill 

ill (I'IHPOI'!1i'y s[ructuJ'PS for short jwriods. 
2, ()J1p layp[' of tllP pUPPI' sll.pportl'd b,r 4- lJy 4-iJl('1J mPHl) \\'pld('d 

\\'i/'{· is Ild('qllHtp 1'01' wnlIs 4 f('l'[ high llllcl tor n. JWl'io<l of fi mOlltlls. 

:L OJl(' laypl' of th(, PIl1)!']' lIs('d. as n ('OYPI' \l'US )HIllC'[ ul'('d jll SC'\'PI'ul 

pItH'!';; HllcI \rpalhl'l'pd to Ih(' point of l!'nkil1g b,\' tJ](· C'I](I of ;~ 1.l1ontits, 
Utll('l' t('sts L.lw Sl)()\\'ll tlwt ~ IU,Hl's of the' papPI' \\'hc'n 1I0t [HIIl('[ul'C'd 
(ll'o\'iclpc! aclC'qllu[p [lj'o('('[jOJl for It ."{·ll.", 

4, Ol1l' lIlY('r of (lIP JHl[WJ' 1I;;('d ns 11 f1oO!' in ('Oll[nct witlt th(' ~oil 
has li[ tIl' (JJ'o[p('{in ntilll', (,XC'PPl possilJJ,\' ill dr,\" \\'('111"['1' lind 1'01' 
Iwriocls llot ('xc'('('C/illg HlIlonth, 

5, j;:xt('Jl<lillg tlf(' )Hl1)!'!' ljning 1 fool high!'/' tllHn [iII' wil'{' ill Lhl' 
\\'ttlls and filling to n poillt .J .ill('lil's abo\'(' [li(, WI 1'<. 1IJ'(, ('fl'('('(iv(' ill 
fo)'ming a wtlil'/'tight. pUJl<'tllJ'('-fn'(' jllJletioll 1)('[\\"('('/1 wnll and (,OYl'I'. 

ri. .\ satisfu('(ory bill of this tn)(' should ('ollsist of H rillg- of w('ldpd 
\I'irr> ll1('sh (Ilot 0 \'P1' 4- by 4. -ineh llH'sil, 12-gugc', "tH-i/lclt wid lit) 



92 'l'EC;F.INICAL BI7LLErl'l~ 1113, 1:. S, DEPT. OF AGRICULTURE 

supporting 1 layer of \mterproo[ecl, 2-ply, ],I'infol'ccd k.raft paper 
(GO-inch width), it floor of roll roofing (35-11>. or h(,(lY1(,1', laps do not· 
require c(>lllPnting). nnd n double COYPI' of t11(' snnwpapPJ' as tbut. uSNl 
in tlte' wnlL Careful att<'lltion must 1)(' gin'll to t11p jllnetioll of wnll 
sh('ets and ('oyer as \\'('11 as the In,ps in (1)(, ('on'1'. TJl(' hin should be 
filled 4 iuelies aho\'e the fpllcing, crowning tlH' Cl'lltpr nt Ipust 2 fpet. 

A1,500·Bushel Paneled Wire· Mesh and Pap~r·Lined Bin 

TIll' pmwlpd \\'il'('-111('sh und pnppl'-li1wd bin wus huilt ut Hut('hinsOll 
and ll1pnsUJ'pd 1 X ft'd in (linm('(p], and 7 1'(,l't high. 'I'll(' wnll consisU'd 
of 1 R pmll'ls ])ludt' by w<,ldillg :' s('ction of stnlldard U- by G-illCb ll)('slt 
eOlH'rPlp rl'inforeing wi1'(' In' \n'('ll 2 Hllgl" il'Ol1 hal'S thut fOJ'l)wd 
uprights 01' stud(lings nnd pl'oYi(ipd lhp llnngp foJ' lhp joint (fig. :{:3i. 
Th('sp JHlnels W('1'p Jnst<'lll'd togeUJ('r with R bolts :1.t p:l<'h joint. Stabil ­
ity of thp 'mll "'Ucl obtnillPd. h)' ('xlt'nding lht' unglp hurs () il1('h('s into 
tllP ground. Two I:1YPI's of iibpr-J"Pinfol"('p<1, wa[pJ'proof kraft pnppr 
li11<'<1 thp insi<ip of llH' win' wall. TIl{' iJoor ('ol1.sistl'd of 4;'3-pound 
nIH roofillg lni(l <lin·('\I,\' on tlH' grouJl(I, lnps ('PIlH'n[pd, :111<1 ('dgps nt 
tIp wnIl llll'Jl('(1 up bplWP('ll thp 2 bYl'rs oJ: kn1ft pappI". TJl(' ('o\'('r OJ' 
1'001' ,nIB n ('onp-shnp(·<llighIW('ighl wt1lerproof (':111\'n8 J'('sling on llH' 
gnrill ('x('('pl ulllll' ('('111.('1', ",11<')'(' ;1 poll' su]>pol'll'd lhl' (·tmn18 to forlll 
~l IH'uk nnd. at llll' ('tly(,s ,dll'J"{' it )"('sl('d upon til(' wall. .\ 1101" wu;; 
ell t in tllp side' of tIl!' ,ntH for l'lllPtying tlH' bin n t t It(' ('ntl of t Iw (pst. 

This bin wus iilh·d ,,·ith wlH'ut on ~lay 21. 13,' .Tu"- n lpHks had 
o('('l1r1'(,d at tltt, paY('s through bol(,s \\"1)(;;'(' [IH' ('tlnYnS '('oVl'r (,I"OSS('([ 
[]H' wttlls and at tIll' dl'jJl'Pssion inlhl' ('tUlYllS ('oy('r just insidp lhp wnlls 
nftpl' til<' gmin had sp([lPd. Hol!'s W('J"(' rulJlH'd in till' ('tlllnts fit tb(' 
wnlls h~' winds nctiYllting tlIp ('0\'('1', ('on'l" Ipaks (':1I1SP<1 discolorntioll 
Oil th" pUjWI' \\"alllining al s['\"p)"t11 poinls. 

Th!' bin was pmpti('d in .Angusl nftpl' :l); Jllonths of slomgp, Fin' 
('olllmns of cnkpd nntlmold,\' wiH'nl "'('1"(' found (iiI!:, :1:31 ('xt('JHling f!"Om 
top to IloOJ', nil c'ulIs('d 1>:\' h'uks through UI(, ('lIIlVnS ('onr at lhp ",nIl;;. 
'1'11(' (,Hlil"<' floo), \\'ns ('oltl('d with ('nkl'd :lIlclmold,' w]I('nt to a dl'pth of 1 
to ii in('ll('s wlH'1"P 111<' \\'ulpl' Ilwt l'nlC'l"l'd throllg!J the' ('all\':\s ('0 \' l'J' , 
clptUl'd. nl ill(' bol(om ,)f lhp bin, and ('ould Jt()( (,S('UjH'. TIl!' [otnl 
spoiluW' tlJllOllntpd to nbout lon huslH'I:;. 

'1'11('['(' Wl'n' no J'uilul"l's jn tit!' hin eaus<,d by \\"llt'nt pn'SSlll'PS 01" I"ain­
storllls, and t!lp hill mnintnill('{l its Sh:l]H' w<,11 ('\"PI1 wlll'n (·Illptipd. 
Th(, bin, IH)\I'(,Y(,l", had. IlOt I)(,pl) RlIlJj('('\('d 10 tin,\" hailslol"llIs. All Ihe 
damnp:pcl whl'at ill this bill W:lS ('H,llS('d b)' til(' ('OYC'I". "'it h nil ,,[I'l'('­
li\"(' ('r ;>: thp hin would 1)(' tt satisfadol"Y t('lllpornry stoJ'tlg<' for p<'riod;:; 
up months. DnngPI" of pUII('luring till' krnrl-pnJ)('J' \\"nll lining» • 

should not ])(' OY!'J']ookl'd. ~o llllusllni ins('C'l probIpms ,,'('n' found 
ill this hin. 

A1,400·Bushel Welded·Wire Mesh and White·Surfaced RolI·Roofing Bin 

Til!' \\"pldC'd-win' tnP8h nn(l roll-roofing bin nt HutebinsoJl (flg, M) 
wus ] (j J(l('t in di:Ulll'lPl' llJld :..; f(·pt high. '1'\\'0 rings of 4- by 2-in('h 
mesh, 12-gnw', 4k-indl width, \\·l'ld('(!.-\\'in' fencing \\'('1"(' IIS('([ to make 
til(> k-foot wnll h('iglt t. On(' lOO-foot 1'011 or ft'Jlt'ing was ('lit into 2 
pal'ls, ('nch 50 f(,p! IOllg. A 4-ill('h h'nglJl oJ pu('h horil';oJltnl slnmd 
was }('I"[ ('xtplHling I)('y(md !lw pnd vprtic:d sll'und on pn.ch ('nd of the 
two piP('($ of fencing. Loops \\'P1'(' tbt'll 1'orJJlcu OJl llH's(' 4-inch 
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• 


• 
. 



93 "'II EAT :,TOHMjE HE;:;EARCH 

• 


• 


• 

I'll;! HI. a:l. .1. T"1I1]lorary l.;,{)()-loll"llt·} patwlt'd \lir('-wulJ IUIIl IHljJt·r-lilH·(1 j,ill, 

H, ('Ill!lIllll- ..t ,·ak,·d :lll'lUl{.ld\· graill adia""!Ii 1" IIII' t'a-1. wall. (JUI' ('oIIIJlllJ 
klfl ('nlllll,l,·<l I"n J,.[I it- lIW):k III! tIl!' \1 all. \\,llf'llt ill -I"ragt' ;P.: 11111111"_, 

Jllll"!JilJ"'II, j!J I.;. . 

http:lll'lUl{.ld
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rxt('llSions, ilnd til(' joint ('omplptNL hy illsprling 11 3~-in('h iron rod 
through th(' loops (fig. :~41, 

'1'11(, fir!::t ring \\'IlS st't in position illlel tl 1 U-inch width of white 
ash('stos-Slll'fa('l'd roll-roofing pit1(,NL insi<lp thp fpneing Ilt til(' bottom 
to stnrt lh(' wnll lining, 'I'll(' 10\\,(,1' ('dgp WitS notclwd 4 inclws from • 
t1.1P ground tlt illtplTnls 0[:2 fp('t to [l1'O\·idp for: lucking undPl' till' floor. 

PrP('ut l('ngths of 45-pound black roll roofIng wprl' tlH'n pln('pd on 
Ihp ground to form tlH'iloot'. Tht' .lPngths hnd \)PPll {,lit to pro\'idp lU1 
S-illC'h pxtpw.;ion up t1w 'wlllls Oil til(' iu....;idl' Ilnd \\'PI'I' also uoteIH'(l at :!­
foot inlPrnlis for pusy fitting to till' eirculill' wlllls. Lnp;:; in till' floor 
shpPIS W('J'(':2 to 4- inclws but WPI'P not ('Pll1l'ntl'(I.Filling UH' bin with 
\\']wu t wus tlwrl ;-;t llrt ('t!, llnd ad(lit iOll111 \nill lining rirlgs of !{2-illCh 
width whit I' !'Oll roofing \n'l'l' nddpd as t1H' filling progr'psspcl. \\Tith 
laps of llpproximnt('ly :2 itwhp;-;, tiL(' top ring pxtpnc\(,(L nbout 8 inches 
nboY(' tilt> proposl'cl filling (jppth and nl1ow('d n tuck-in lllH I('I.' lhe 
('0\'('1' s('('1 iOllS. 

TIl(' I'OV{']', nlso lllltcIl' of whitp-:-;llrfncl'd !'Oil ]")()fln~ was fabrictllpd 
ill cI- s('('tiOllS, (,lll'll consisting of ;j w!'c\gp-shlt(H'd Irillllglllnr shpl'l.s of 
till' whit(' 1"011 mo/ing ('Plll!'nt!'d to n Imeking lllatl'riul. Backing 
Illutprillis lIsl'd W(,I'P (11 :3:"j-pound 1'0lJ roofing on (Ill' 1l0rth{'flst qund­
milt. 1:21 tarpllulill on tllP sOlltlH'u;-;t qtllHlr':lnl; (;3) ]'Pinfol'('('c\ wat('r­
pl'Oofpd kr'uft pal)!'r Oll till' sOllllnu'sl (jlludmnt; (4) asphalt fpIt ilnd 
1'oof('1'\; ('olton gallzP, ('uell forming :lllProxinHltPl)' oJlp-hall' of til(' 
bac'king, on (ltl' tl.Ol'fhw{'sl qllndrnlll. 

FOlll" 1- In' :~-ineh hoards w('r!' laid. rndinlh' Oil tlip sllrflH'p of th(' 
grain to fonil u f(}llUdntioJl for' (li(' lnp,; of tllp'('on!' ~.;('cli()lls, ..A btll 
nniI!'d o\'t'!' (':t('h In P ';('('lln'c\ t h(' joint und fOl'lllPd an ('11'('('( i \'(, :ll'lIL. • 

Frc;! HE a·!. ---Tl'mpomry 1,-!()()-lllI,..!wl bin of whit!' iL~h(':;trb-~ttrfu.r('d roll roofing: •alld \\,I'ldpr!-win' [(Outing: II it 11 l'!Il1-r(J{JfiJl~ flooring, rr Ilt('hil1~OIl, I9·15. 
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A cone of 1'01l1'00fing, fnbricat('d OIl ~f-inch mrsh hnJ'(lwnn' doth 1'01' 


• 
completing the np('x of the' roof, wns sN'u/'('d hy n roofing nnil (\rivC'1l 
into C'ach lath. At th(' NWC'S tIl(' ('oypr was tuciwd ill brtwCt'n the 
fencing und wall lining. B<'fo/'p appl.ying tlie ('On'/', the' lll)('x of the 
conp of wlwat l'p('elypd a pnel of cotton about 4 [(,pI ill tlianwt('1' und 8 
inches thic'k ut till' ('('lltpr. It wus thought thnt this cotton might 
absorb moistul'P ll('C'mlllliating at tlip Sll/,1';l('C' of tIll' g/'uin. 

A scc(ion of 45-pound bluck I'Olll'oofillg InU3 pJacpd .in tIl(' first ring 
of wulllilling on lhp w('st side 1'01' n, eompn,/'ison wi t h the whi te' mn tc'l'inl 
X 0 c1ifr('),plH'P was notpd. 

'1'1)(' structurl' l'cl1111inpd in good condition fo/' 10 month:::' of storngC'. 
IntC'rim nHpntion giYPH this bin ('onsistpcl of pn.tching "'ith roofing 
CC'll1Pllt 2 or ;~ punl'tm'ps ofunknowll o/'igin in the eovpl' and sC'tlliJlg 
with ('alking compound all n,bl'asioll in til(' wlLlllining. Xo hailstorms 
ocC'uJ'l'pcl during thp tc'st on this bin. 

• 

,YhPIl the bill wus pmptil'cl it \\'ns found thlLL WlLtC]' IplLks hncl oc­
eUl'l'rd in two se('lions of tllC' eov('1' and at the roof apL'x. The apl'x 
lpak [,l'sllltp(l from too Ont n. slopp. Thl' cone of gl'ltin shollld be built 
highl'l' at the (,pntpl'. lA'aks in tIlt' S('etiOllS OCClIJTN] only at the 
crossing oj' laps ill the ",hiLl' ('ov('(' und tilt· backing ll1nterial. The 
sontlll'ast und sout!t\\'pst SC'etiOllS, lilH'(1 J'('speetively ,,,ith tm'plLulin 
and rpin(ol'(,(,ci \\"atC'l'pl'ooj'(,d. kmft puper, \\'l'I'P of n singIP pil'ee l'aeh; 
hl'tlC'l', no h'aks dpvPloprd. Onl' lenk cipvC'!oppd ill l'lLch of the other 
two spctions. II WilS quite' npplU'Pllt that thl' lrltks werC' not large. 
'I'IH' en.kl'cl and 1'0UPll grain fornwd irregular sn.lIcl'l'-shapecl ml1ssC's 10 
inchC's and l~ inriws depp, l'('SIwctivC'ly, in the northw('st and north­
('l1st srctol's. Only 11 smull qurmtity oJ WlltL'l' pCl'colnted to thn bottom 
of the bin to fOl'm n. Sllutl! urN\, of cflked gmin in the northenst sectol'. 
Th(' gl'llin adjll('('nL to th(' \\'l't spots \\Tas slightly musLY n,lId the odor 
jwrmen.t(;'(l the l'lltiremass through the mixing of the grain in emptying 
the bill., so ihn.L t!Jp lot gl'lld('cl :-imnplL'. Total spoilngl' amounted to 
ai}(Hlt :35 bllSI1(·1;;. 

The sLui]y of this bin showed thnt: 
I.. This (\'1)('. oj' Il'l11porl1l')' bin (mil he made entirely wntcrproofed 

and thel'('[ol'e could he usc<l to store grain for pel'iods of n. .yenr 01' mOl'e. 
:l. ConsLI'lIC'ling the rOOl uncI making it watertight is the most 

difficult part of LIte structmo. 
:1. PUMtUl'('S l'C'q uircd foJ' iLUniglLtion oj' accidental brcnks can be 

plltehed. t'f\'('etive1y with uSlJltalt celUent lLnd roll-l'oofing 01' (,lLlking 
compound.

4. X eithpl' the 4- by 2-inch I11l'sh, 12-gngC' \\'ire, nor the ashestos­
sUl'fn.ecd roll roofing failed at lmy tinH' dming nIl' 1O-month stomge 
period.

5. Th(' l'oUl'oofing flool' laid dil'l'('.tJ.\' on the ground. was efreetivc 
in lhis hin lLS iJl previolls tl'inls. A fill of l'arth is desimblc, however, 
t.O l'I1is(' the floor nhout :~ inchos llhove gmcle and provide clmillltge 
lLway from thc' floor-wall jUllcLion. 

• 
6. The L('s! using eotton batting as n,n lL1JsoJ'bent for the expected 

sLlrJaC'C' moistul'O acclll11ulation did not l'('CPLVCl fl fail' trinl because of 
l(,aks in the roof. 

Pressed· Wood Walls and Kralt·Paper Covered Bin 

'rltc 700- to 1,OOO-huslH'1 bins of prossed woocL n.nd kraft paper arc 
clnsscd a,s tempol'lll',\' beGause of t,he roofs. OIl<' WflS tested. n.t Hutehi.n­

http:dil'l'('.tJ
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son, and three at Jamestown. They were 4 feet high and 15 to 18% 
feet in diameter. The walls of these bins were made of pressed-wood 
panels boltocl together and formed into a circle. (fig. 35). 

In the bin at Hutchinson the Im\'or edges of the wall sheets were 
buried 6 inches helow gL"Olmcl level The :floor consisted of a 6-inch 
layer of sand above the gronnd level covered with composition 
roofing. This pL"Oved to be 'a good floor. At Jamesto\yn the pressed 
wooel walls of thesc bins rested on paprl"-covcred wood floors laid ovrr 
gravel or on concrcte block piers. Some leakage occurred at the 
floor-wall junction in these bins where ealking faileel. 

After filling the bins with wheat and heaping the cenU'r to form a 
cone, straw was laid around the upper edge of the wall f1nd thrn the 
·wheat was cov('l·ccl with 2 layers of waterpL"Oof reinforced kraft 
paper unclcr wire mesh to form the roof. 

Wheat was stored in thesr bins from 10 to 19 months without any 
·wall failures. Howevrl", seven.' weathering and monse damage to 
the kraft paper permitted considerable spoilagr. Spoilage from leaks 
through the roofs ranged f!"Om :3 to 75 bushels per bin. 

Discussion 

Temporar.\' gl·ain storage structures must be as cal"cfully planned, 
constrnctl'cl, and filled as permanent bins, for thorl' is less oppoetllnity 
to examine the grain or modify conditions after filling. It is assumcd 
that temporary bins will be used only as emergency storage to replace 
lUlcoverecl piles of whrat on the ground anfL that (hry will be watched 
('los ely and emptied ns soon as frasihle. Gnlin t,haL is not in ('otlclition 
for pcrmanrLlt, storage cannot be consiflN·ecL suitabll' for safe temporal"}­
storage. Some generalizations can hl' made hom til(' t:nws oE tem­
porary storagr tried ilt Hutchinson and Janlt'stowl1. 

To ohtain a sntisfactor.\' cover is the most diflicuH part of ('.011­

structing a trmporary storage. It. must resist (ldl'l"ioration by 
weathrring, pUllctme b)- hail orother falling obj ('('.Ls, n.nd III ust bc' wn,tC'r­
tight. ]i'rom the stal1dpoin t of ease in application an(1 fl·eeflom 
from leaks, a douhle coyer of rrinforced wn,{l'I'pl"oofl'(l kmft paper is 
highly cll'sirable. It may 1)(' nnehorrd with a lnrge-l11esh, lightweight; 
poultry netting tied to tite wnJls.Roll roofing, hecallsl' of its JUtlTO\,' 
width, mllst be lapped ill 111 any places and therdore requil"c's cementing. 
It is, however, longc'r Jnsting, audiC lIseel as a top con'r cemenlrd to 
an undercover of kmJr JHtpC'r it makes a good covrl". Canvas is likely 
to admit \,'aler ·wherE'wl" it comes in contaet with thl' grain or the 
structure and mllst he watched carcfulhT. 

In the vnrious covers studied for teinporary stornge, nOIll' of thl' 
tests showed evidC'nco of moisture conclellsing 011 the underside of the 
eo\-er clircetl)T on the grain. It must he remembered, howevN, that 
most of these bins sLood less than a year. 

,V-alls of wire mesh lined with l"c'illforcc'd waterproof p:tprr or roof­
ing aro quite erfedive. 'Vith horizontal Stl·ftllcis not more than 4 
inch('s apart, 12-gagc wil"e is ample for fill 8-foot Witli Jleight. ::'ITesh 
sizes of (j- by G-1neb, 4- by 4-inc:h and 4- by 2-inelt were triC'(L. Kone 
failed under the conditions used. rI'Il(' lrtttel· 2 mesh sizes are prcfel"­
able, and when lIsed with] ply of reinforced kmJt paper are efl'ectiye 
for a period of G mon ths. ]i'or longf)r periods 2 plies shouLd be llsed. 
Eithee white-sUTfacecl or blaek roll roofing in 45-pound weight is 
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• FIG! nr" ai),,~ • \, Tplllpol'(u'y 70()·IlIl"lH·1 ilin wi(!t Jln'~~('d-\\()l)d wnll", t!o\lhlt,· 
thicklle~s \rat f'l'proor j"('iurOl'f'('c\ kraft -papPI' roof, IUlel hl'(t\'Y roll-ruofiIlJ!; 
l\oorinp;. H, ('011111111" of "Jloi\1'd )!,I'tliu ~l\d \ay('\, Oil \\\I(j(' ('[111,-('<1 \Jv \('tlk" 
tlil'Ollgll W('atiH')H\ nnd dalllll){pd rpor. \\ twat ill H()nl~(' 11 lIIulIlh--. tlu(('hill­
Mon, 
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effective for a year or more with 4- by 2-inr,h mesh. For it shorter 
period 4- by 4-illch mesh is satisfactory. 

Floors of 45-pound roll roofing laid directly 011 the gr:ound, with • 
strips lapped but not cemented, were used successfully. Laying it 
on a level with the surrounding grade permits water to accnmulate at 
the base of the wall with some clanger of gmin spoilage. vYhen placed 
ou a slight fill proviclinO' definite drainage away from the bin on all 
sides) there is reasOlHtbYc assuran(,e of no spoilage from this ('ause. 
Wood floors are not necessary in tempol"l1l'Y bins. 

Some disadyantages of temporary storage bins are: (1) Difficulty 
of con!'1tmction, requiring two or mor(' men; (2) lightweight building 
materials aro rrasily torn and ar(' vulnerable to wind and hail damage; 
(3) gl'ain is difficult to inspect; (4) flUnigation is more difficult than in 
staudard steel or wood bins; (5) tempOl"l1l'.'- bins must be emptied­
they arc not satisfactory when only ]htrtiall.\- full; iUld (6) build ing • 
paper materials ean be lIs('d only once unless extr('me care is tak('n 
in handling them. 

The essential Te('ommencllltions r('gnrding piling gl.'ain on the ground 
fol' temporary storage are to choose 11. plot of slight slope; to smooth • 
the ground; to pile the grain high in the form of a, long rick, ke('ping 
the surfac('s of slopes as st('ep al1el fn'(' from depressions as possible; 
and to pro\-ide 11, cutofl' ditch for draintlge water on the uphill sid(' of 
the piiP. The ditch should b(' k('pt Yer,\' lwar the pil(' I..,f g-mill and 
be giYCll enough pitch to drain w(,ll. \Yater tl1<'1l flows OY('I' thC' 
surfncC' of thl' \n'Ued gl'ain into the ditch alld is ('arried away. ,Vith­
out tile' ditch, wn,tC'r acclllnulntes Ilt the base of the slop(' wh('re most 
of the spoilage O(,('.l'rs, HelIce, all.'- ('I1('loSUL'(' or flooring 11111 t('rial • 
usually t('nels to inc\ etl:ll' spoila¥t' by 1'C'tnining- t11(' \nlll'l' nne! directing
it lInc\0l" the pih'. 
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