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"lllhﬂeatS orage Researc

¢

at Hutchinson, Kans..
and Jamesfown, 1. Dak’

By J. L. Scuaivt, assoriale agricultural engineer, Agricultural Enginecring Research
Branch, Agriculinral Resenrcht Service

Cooperative wheat storage research was started in 1941 at Hutchin-
son, ILans., in the hard red winter wheat avea, and af Jamestown,
N. Dak.. in the hard red spring wheat area, by the United States
Department ol Agriculture * and the Kansas and the North Dakota
Agricultoral Experiment Stations at the request of the Commodity
Credit Corporation for assistance in the management of government-
owned wheat in storage. Field work was concluded in 1946, Used
in the study were a large number of Commeodity Credit Corporation
steel bins of typical farm-type construction, of 1.000- to 5,000-bushel
capacity.

The study dealt with engineering and entomological problems affect-
ing the sale storage of wheat.

Engineering research 3 included bin eonstruction, bin floor designs,
measuretient of wheat femperatures, grain ventilation. and related

P Submirted for publication Oct. 4, 1954, Thi= iz the final report on these
studies.  Various Burdings previpusly have been reported in techoieal journals, in
mitrrographed form. or in the foliowing publicarions of the T &, Departmens of
Agriculture:

fuepp, C. K., and Corrox, R. T, STORAGE OF SMALL GRAINS AND SHELLED
CORNY 0N THE FarM. U0 8. Dept. Agr. Tarmiers' Bul, 2009, 30 pp., illus. 1949,

Srann, Bo ML nRary nix rEquireMesTs. LS. Dept. Apr, Cir. 833, 23 pp.,
illas.  1930.

Warkpey, H. 1L, and Scawiteneeen, . B, EVALUATION OF PUMIGANTS FOR
CONTROL (F INSECTS VPTACRING WHEAT AND CORN IN STEEL BINs. U, 8. Dept,
Agr. Tech, Bul, 103, 20 pp., o=, 1931,

? The eooperaring ageneies of the 77, 5. Departurent of Apriculture zre now
represented by the Agricultural Eogineering Research Branch, Agricultural
Research Serviee; Biological Scicnees Braoehl, Agriculturad Marketing Service;
and Grain Division, Commaedity Stabilization Seevice.

I ugineering studies ar Hurehinson were uncder the inmediate supervizion of
W, R, Bwanson, s==istant asrieultural engineer, until June 14943, and of E. R,
Ciropss, as=ocinte agrivaliurnl eneineer, from Novemboer 1943 to Ocrober 1946,
Studies ai Jamestown were wnder the inmediate supervizion of M. G. Cropsey,
tunior agricultural engineer, until August 1930, and then of 13, AL Stald, associate
agricuitural rogiveer.  General supervision of the engineering phases of wheat
srorage fnvestigations was ba I ), Barre. formerly senior agricultural engineer,
wiil 1943, then by W V. Hukill, prineipal agricultural engioeer,  Dr, Barre was
assisted by C. ¥ Kelly, formerly associate agricultural engineer, until the fall of
1942, and then by J. L. Sehmidt, as<iztant agriculiural engineer,  Me, Schmidt
maintained a eentral file of data af Ames, Jows, and was responsible for the
analyzis of the dain and prepacation of this report,

T, C. Fenton, head, Department of Agriculiural Enginecring  Kanses State
College, and W, T. Promersherger, head, Department of Agricultural Engineering,
XNorth Dakora Btate College, gave valuable advice ou ihe conduet of the engi-
neering studies in their Siates,

1
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activities. Enfomological reseavch * dealt with analyses of inscct
abundance and species and their cffective contrel by fumigants.
Preservation of wheat in bins by improved management practices was
a joint cesponsibility.

Wheat storage structures and labor and eguipment for handling
wheat and mamntaining bins and other property for use in these studies
were provided by the Commodity Credit Corporation through the
Kansas and North Dakota State and county agricultural stabilization
and conservation committees.®

This report deals primarily with agricultural engineering phoses of
the investigations, but includes a scetion on management siudies,
which were a joint responsibility of engincers and entomologists.
Portinent data relafing to inseets nre ineluded as criteria for evaluating
all storage results.

OBIECTIVES

The general objectives of (he research studies were: (1) To delermine
the types of stoiage structures that will preserve the quality of wheat
stored on furms and the market grades of wheat thal can be safely
stored for long periods: (2) to deteemine accurately the condition and
changes o the condition of wheat during storage in typical bins. so
that condilions which might adversely affect wheat storage in similar
bing can be Toreseen and corvected belore harm results; (3) to develop
and fest methods of conditioning grain by cleaning and turning and
ol cooling by means of natural ventilation so as Lo reduce insect dam-
age and avold injurious local coneentrations of maeisture; (4) to deter-
mine the relation of bin size to the cost of storage; (3} to determine
the effeet of vartous grain maeisture contents, temperaiures, nod dock-
awe and foreign material pereentages on the “storability™ of grain and
on insect aebivity: and (6 to determine the identity, importance, and
habits of inscets mfesting stored wheat nod the best Tumigants and
fumigation practices Tor thelr control,

MATERIALS
TYPES OF BINS

AdL the grain Bins fiest used for the wheat slorage studies at Hutehin-
son and Jamestown were of circular corrugated galvanized-steel con-
struction (fig. 13 Later, beenuse of materinl shortages ereatod by
World War LI, prefabricated wood bins and several types of experi-
moental and femporary grain bins were added to the hin sites for
structural and quality studies.  Approximately 200 siorage bins of
various types and sizes were avatlable for resenveh work at cach stalion.
The bins available for the studies are histed in table 1.

U idntomological invesligalions wepe wiade under the immedinle supervision of
T, . Wallden, senjor cniamologist, and R, B, Schwitzgebel, formoerly enfomol-
ogist, and under the general supervision of R T Cotton, principal entomologist,
giologiml Setences Qraneh, Marketing Researeh Division, Agriculiurs] Marvketing

oryvice.

530 AL Bllison, formerly grain siorage specialist, Grain Division, Cowmmodily
Stabilization Seevice, aided in the condnet of Fhis researeh in many ways,
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Frovnum 1. Part of Lhe experituemial steel bits a1 Hucehinson, Kans, e s
types were used ab Jeonestown, N, Dak, The hinin e Tarogronnd has g, vapaeiny
of 3,000 busld-: thase at the riehu, 1,000 Dushels, and at e Left, 2,740 hushols,

ARRANGEMENT OF BINS

The steel bins were so spaced that grain could be tuened from one
bin to the nest in the same row, or into a bin in an opposite row, by
using one farm elevator, thus eliminating initecessary trueking, Wood
hins and temparary bing were added after the ariging! steel bins were
pepeded 111 1041,

SOURCE AND CONDITION OF THE WHEAT

Wheat from terminal elevators was placed in experimental sloinge
at the Bin sites as Tollows:

Yeur fiotebaunmn, Woppe, o xfar e, N fand,,
11l 285510 b in 1S Lins NG00 b, b LT D,
AEN FESOGO D, in 26 hins 0TV AL o 20 hins,
TR A28 Dy i 21 bins ISR T i 7 i,

It was wheat of the condition that may he acquired by e Con-
modity Credit Corporation (CCC for storge ac any tme. wraded
mosity No. 2 and Noos, buta Tew of the bins wore liled with No. |
and Noo 4 wheats 10 was Jow-moisture-content wheat, Aavoeraging
1.3 pereent ol Huotebinson and 124 pereent ol Jumestown.,

Sonwe of the wheat wsed in short-time experiments was disposed of
at end ol 1 yenr and some was sold Trom time (o time to meel war
needs. However, n large preCwas hebd in storage il 1944 aned 1943,
antl some undil 1941,
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TABLE 1.—Types and capacities of bins available for wheal storage sludies,

Hulehinson, Kans., end Jomestoun, N, D

k.

o ea-

Hutelinson

Tamestown

, N R
Bin t¥pe and deseription nagity i E Total | 5 Totul
S enmmeity | P capaeity
. ! i
Standard steel bhins: ' RBushely | Kuwmber © Bushely O Nhewmber | Murhelz
14’ dig. x 8 high... eee MO G B0 B0 ¢ 0. 70, (50
12 dia. x 11’ high 1 THK) - 1 Lo e e
14 Qda. % 1 high 1,350 | 4 by ] RS
18 dia. £ 8 high_ 1,680 1 32 J.000 L.
18° dlig. x 11" hieh_. 4,25 E E L I
18 dia. x 13.5' high_ 2,540 | %5 732,900
22 a. x 135" high. 4, 100 20 50 ...
22 din. x 16" high. e .. B 000 LT 1141 B
Balted stee) tank: ' :
215 dia, x 16 high. .. 4,600 - 1 AW el e e
Experimentnol conerete hiovk: B
1 o O X 2,0 1 4, 400 O -
Prefabreated and precut wood bing: B :
12 A6 X M e e = 1, GO} 11 1,00 L, e eeae
Epecial wood bins: ’
% x 16" x &%, with roll reefing on shed-Lype rool..... : il o 1, 7K1
13.8" din. x 8" hiph, 12-slded (47 x 8 punels). .. 1 1, 150
14 x 14 x &, with roll rooling on gahle roof. 1 1,350
15.3° dia. x 10" Bigh, 12-sided {4* x 10" paneds) .. 1 1,43
12 x 18" x 1A', with shingled gable roof ... -- 2 AW
14 x 167 x 10.5°, with shingled pabie roaf. .. . . 1,860 . 4 7,440
15.5 x 15.5 x 10, tongue-nnil-groove, eorner-lockael ,
il 71§ T 200 ... . 1 2, )
15,3 x 15.5° & 15, tongue-and-gropve, enrner-locked -
Y plank ..l . el [ 3,300 . e T &, 10
Spercial bins other than wood:
10.5" din. x 6" high, 2 layers of voll reofing vemenied _
toeether, externally sunported by 2™ x 4 studs [ 101 A 1 4{X)
15 din. x 4 high, pressed wood walls, kraft-paper
PO - e e e dacaie an amme e T 1 TIKE 2 i,
15.5" din. x 4" high, prossed woodl walls, kralt-paper )
P e i iiaen s imeama LOW L I 1, OHH
10,5 diw. x 10" high, wallbeard walls, kealt-paper :
[ RO 1, (RHy .. 2 2, 4300k
& dik. x 8 high, wallbeard wels, kralt-paper
i P 1, (KN - ! 1, ki
18 din. x MY high, wallboard walls, kralt-pajer
[T UV S 5. -:..| I 2 4, MK
1Y x 15 5 B of Insulatinn boerd, with roof of iusu- -
Iation hoard eovered hy roll rooftog. oo L L. 1,150 1 L O3
12 x 20" x 7 high, wallboard watls. ... ... __. 1, %Wy R 1 1,0
16 ¢ 3k' x 3.5 ot peak; & rick, rotl roofing g floor -
AN COVOT o cmmra e rrrcaa e cemmmme e, M 1 ] e e e .
16 dia, x 47 high, +” @ 4" wire mesh lioed widh
Kraft PoUper. e e e cmmm e e m s it 1 Tl . . -
167 ¢lia, '« 8 high, 4" £ 2 wire feneing lined with |
roll roolnE. o e e e 1, 401 1 1, 4K
18" dia, x 7" Ligh, 18 panels of 6" x 6% wire mesh
holted at joini=s apd lined with krafe paper,
CARYAS PO oo e o e e oo aiaa o 1. K} 1 1L3m ... . -
Total, oo i e e W5 393,600 303 406,350

SAMPLING OF WHEAT N 3TORAGE

Successive average wheal samples, taken from the bins at Iutehin-
son «nd Jamestown, werce analyzed ? for the commercinl grade factors—
test weight, moisture content, foreign material, total damage, dockage,
fat acidiiy, protein content, germination percentage, and for kind and
number of insects—to show any changes in the condition of the stored
wheat. In addition, numerous special samples were taken lor grade
determinations, individual moisture readings, or Insect counts.

8 Wheat grade faclors, protein confent, faf acidity, and germination were de-
termined by the Agricultural Marketing Service, now Grain Division, Conunodity
Stabilization Service, Ul 5. Department of Agrieutture.
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An average sample from a bin of wheat consisted of a mixtare of
small portions of wheat taken by probe along 9 specified lines down
through the wheat. The posi' ons of these lines were 1 verlical at
the center; 4 diagonal lines be rinning off-center about one-third -of
the distance of the bin radius and divected to the floor-wall junction
an the north, cast, south, and west sides of the bin: and 4 shorter
diagonal lines beginning off-center at about one-half the distance of
the bm radius and directed to a point on cach of the 4 walls at abont
two-thirds the distance above the floor. The sampling errors, cal-
culated from 78 duplicaic wheat samples, for estimating the various
guality {actors in a bin with this methoed of sampling were as follows:

Sewmpltng error ! af the

Facior: a-pervend lepet

Test welght_. .40 pouud per husiel

Moisture condent .30 prreent

Dockage . . 10 pereent:

Foreign malerial

Total damage

Fal acidity 2

Proiein . ..

Crermination

1

-

I

Lo vl

.36 pereont
4,40 units

{66 pereent
= 8.80 poreent

R
wars

The errors abso include any ervor< in devermining the Faetors.
FFep i i Lo definition ef [at acidity,

Lo addition 1o the obscrvations to determine changes in guality
factors, wheal {emperatures were tnken periodically to stady the effect
of several factors sueh as prosence of inseets, bin size, cooling practices,
seasonal temperature changes, and the mean annual temperature dif-
ferences hebween storage Joeations.

An estimated 12,000 samples were taken from (he wheat while in
storage, and approximately 50.000 determinations of {ost weight,
moisture, doekage, foreign material, total damage, protein content,
fat actdity, or germination were made.  In addition, approximalely
250,000 temperatare observations of wheat in storage were made and
recorded,

STORAGE [N STEEL BINS

The commereial bins used were built of preformed galvanized cor-
rugaied-sieel wall sheets, bolled together on the sile.  Lead washers
were used under the bolis to make them waterlight, and, with few
exceptions, calking compound was used to seal wall and foor-wail
jotnts. The bing were equipped with galvanized sheet steel floors
having watertight preformed joints Iaid directly on the earth fill of
tire conerete Llock foundation” The underside of the floor was
eovered with a thick coaling of asphaltic puint.

There was no serious damage to the steel bins eaused by grain
pressures or by storms. Leakage of rainwaler into most of the hins,
however, eansed some spoilage of grain, Many of the bins were also
subject to spow Jeakage, Blown i through rool ventilators, damaged
roof inspection deors, and under caves.  The snow was usunally found
and removed during wheat inspeetions and caused no appreciable
damage,

Fhn WM the ise of conerele bloeks for bin foundations was discontinued by
e €O, and 2 inetul foundalion ring thal was ppartly buried in the ronnd was
subhstitnled.  This chauge saved considernble Inhor and malerial ancl eliminated
additional anchorage.
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At Hulchinson 118 steel bins, having calked floor and wall jomts,
were examined, alter emptying for spoilage caused by leakage of rain-
water. Spoilage was found in 110 bins, including 58 with leaks through
the wall joints, especially the vertical joints; 51 with leaks at the Hoor-
wall joint; 20 with leaks at the frame of the emptying door; and 18
with leaks (hrough uncaiked voofs. Lenkage at more than one of
thoese sources was found in many bins (figs. 2 to 4). The wheat in
{hese bins had Deen stored from 1 to 5 vears with insect infestation
kept under control.

The extent of spoilage caused by water lealkage through wall joints,
floor-wall joints, and around doorframes was not separately recorded.
Howoever, the total amount found in the bins at these sources ranged
from a trace 1o a maximui of 50 bushels in 1 bin.  Two bins had Jrom
25 10 30 bushels of spoiled grain; 2 from 15 to 20 bushels; 5 rom 10 to
15; 30 from 5 o 10; 60 from a trace {o §; and 10 bins hiad only a trace,
Spoilage caused by roof leaks averaged 2.7 bushels per bin, ranging
from a trace to 12 bushels.

The oxtent of spoilage in the bins varied with the length of time the
wheat was stored. The average amount of spoilage in bins in which
wheat was stored 1 vear was 0.9 bushel: 2 years, .0 bushels; 3 years,
5.2 bushels: and 4 1o 5 years, 12,6 bushels.

Average spoilage in twenty-six 1.000-hushel hins after 2 and 3 yvears
of storage was 5.2 bushels per bin, as compared with an average ol 4.6
busliels por binin forty-five 2,740-bushel bins, in which the whoeal was
stored for the same length of thne,  The 2,740-bushel bins were of a
newer desien than the 1.000-bushel bins.

Calking the steel-sheet joinis in the bins at Hutchinson, during or
alicr ereetion. did noi appear to improve materially the tightness of
the bin, unless the steel sheet had been damaged and a normal joint
could not be made.  The average amount of spoiled wheal owing to
waler loakage it 6 uncalked bins was 5.2 bushels per bin after 2 and 3
years of storage as compared 1o 4.5 bushels per hin in 28 similar bins
that had been ealked during or afier erection.  The compound used
for enlking the bins had » tendeney to dry, and afler 1 or more years
the expansion aud eontraction of steel sheets eracked st and thus al
imes eaused o source of leakage owing to failure of calking.  Also,
when the ealking compovud is applicd with a calking gun during eree-
tion, extrome cantion s required Lo assure an even and continuous
laver of compound between the sheel joinis, because any hreaks or
wnevenness in the compound may permit entry of water as it runs
down the side of the bin (fig. 5.

Not only does waier Jeakage cause some spoilage, but it also nfiue
ences insect Tife in stored wheat,  Grain of high moisture content s
highly altractive 10 inseets, and is also diffieult {o Tumigate effeetively,
Tnseet mfostutions in lenky bins may easily double the total amount of
damaged grain found.  Combined inseet-damaged und waler-spoiled
wheat Jound in one bin at Huotehinson, after 4 vears of storage, exceeded
106 bushels, nud in another hin, after 5 yvears of storage, 80 hushels.

At Jumestown, 17 hins in which wheat had been stored for 1 yvear
were emplicd and examined for evidenee of spoilage because of ramn-
water teakage. While 16 contained wheat spoiled by rain, 2 of the
bins showed only a trace of spoilege.  The spoiled wheat ranged from
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3 pounds to 2 bushels, with the average 0.4 bushel per bin, as com-
pared with 0.9 per bin at Hutchinson. Less rainfall and greater eare
in erecting and eplking the bins at Jamestown are faclors believed
responsible [or the difference shown. Normal annual rainfall at
Jamestown is about 20 Inches as compared with about 28 inches at
Hutchinson.

CHANGE IN WHEAT CONDITION iN LONGTIME STORAGE

In general the condition of the relatively dvy wheat stored in farm-
lype bins at Hutchinson and Jamesiown did not change while in
storage unless damaged by inseet infestation or rainwater leakage.
Wheat was siored in walertight hins at Jamestown for as long as 44
yvears and at Hutchinson for 5 years without change in the average
grade. After 2 or more years of storage, however, many of the bins
conlained small arcas ol deteriorated or partly deteriorated wheal at
t'we surface. These areas were caused by an increase v surface mois-
ture, but in their entirety they represented less than 2 pereent of the
total amount of wheat in the bin. When the bins were emptied, the
wheat in these aveas was mixed with the rest of ihe wheal without
materinlly affeeting the average grade. The size of the bin did not
appear te affect the condition of the wheat, exeept that surface spoilage
was less pronounced m the smaller bins.

CHANGES IN WHEAT GRADE FACTORS

Data oblained on swecessive average and special wheat samples
taken lrom the steel bins at Hutehinson and Jamestown were analyzed
to show mnatural ¢hanges in the individual grade Iaetors and in the
protein content, fat acidity, and viability (pereent geemination) of the
wheat while in storage.  Except for the grade factor of tolul damage
and for the special sample {aclors, only suceessive average dala were
used in Lhe analyses. These dala were coliected on wheal that was
stored undisturbed for at least 3 yewrs and in which insect damage
was prevented.

Test Weight

Suceessive average Lest weights taken from 34 bins at Hulchinson
and 52 at Jomestown fer 33 months show the effect of length of storage
on wheat test weight (tables 2 and 3}, The test weights given in the
tabhles are averages of several bins grouped as Lo bin size and moisture
conntent of the wheal and, in the case of Hulchinson, as to the crop
year ol the wheat,  Also included i the tables are the corvelation and
regression coeflicients for the relationship hetween the Iength of stor-
age (menths) and he suecessive average test weights for eael group
ol bins.

According to the correlation analyses of the data in tables 2 and 3,
14 of the 15 groups of bins showed a deerease in the average test
wetghl while In storage, but this trend was statistically significant in
only 3 groups. Exeept for 1 group of bins at damesiown, Uhese
significant decreases were inn groups of bins filled with wheat ol higher
moisture contents.  The rate of iest weight deerenses as seen by the
regression coefficients, however, were small and commereially negliei-
Dle.  Unless the test weightl of the wheat when placed in storage is
near the grade borderline, these changes in test weighis would not
aflect the commereial grade over several years of storage.
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Tavre 2. —Changes tn lest weighl of 1940 and 1943 wheal slored al different wmotsture
conlenls in steel bins of 8 different capacifies at Hulchinsen
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Avernge test weight ner bushel

1940 wheat; moistuee content ol— 1943 wheat; mwisture content of—
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Moisture Content

Successive bin average wheat moisture contents for the same set
of bins as used in the test wi eight analysis at Hutchinson and Jawmes-
town are given in tables 4 and 5. The data show slight changes in
the average moisture confent of wheat while i n st,omﬂ'c. But these
indicated moisture changes, like the changes in test weighis, were
small and not important commelcmﬂv

Tarce d—Changes in the moisinre conlent of 1940 and 1843 wheat stored in stegl
bins of 8 different capaciites al Hutchinson

Average wieub moisuiee econlent

1940 whent 113 whient
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Although the average wheat moisture content in a hin ehanged but
little during storage, there is a eonsiderable movement of meisture
within the stored groin mass.  "This molsture migration results in & con-
centrafion of moisture in the upper lavers of the wheat and oceurs in
unventilated bins after a period of storage, even though (hey were
filled originally with wheat of uniform moisture.

The concentration of moisture In the upper lavers of grain is (he
resull of differences in. and the constant changing of, wheat tenmer-
atures within the bin,  Thring the fall and winter the wheat in the
center of the bin is the warmest and (he wheat neae the walbls and in
the upper portion of the bin is the coldest. The warmer, moisture-
laden air from the center vises iy the form of convection currents (o
the bin surface. When this warnr molsture-laden afr comes in contael
with the eolder wheat near the bin surface, moisture is deposited in
this colder grain, thereby Inereasing its moisture content. The mois-
ture accumulation is greater i s dish-<lwped Tayer direetiy below the
hin surface and =lightdy south of the bin eenter.  Rarely does the in-
ereaseid mokture area extend (o the bin walls, Maximorm thickness
al the center of the laver nay range from 1 to 3 leet.

The process of molsture concentration usually starts dwring the
latter part of September or in carly October as s00n as the air temper-
oture redoees the hinesurfaee wheat temperature below that of the
wheat in the bin eonter. Tt continnes undil the air temperature again
raises the bin-surface wheat temperatores above that in the center of
the Bin, wsually in Marel or April. From Mareh (o September the
wheat temperatures in the center of the bin are cooler, which roverses
the conveetion eurrent=. A part of the molstore in the apper lavers
of grain ks again redistributed irough the geain bulk, some of the mois-
ture in the fop layer i< given 1o the air, and o small amount of drving
take= plaee in this wheat. Tlowever, the deving from loss of moisture
to the air and redistribution downward in the grain is osually less than
the wetting, and alter o few years of storage tap-layer wheat may have
metsture eontents that are 1 1o 3 pereent, or even mnee, above the bin
avernge moisture content. I the bin avernge moisture content s
near the limit Tor sale storaze, the concentration of moisture in top-
layer wheat can. and often does. vesult in spoilage. This wetter grain
is also ideal for insect dovelopment.

Beeanse of the smaller wheai bulk and the more rapid cooling of the
wheat in the bin center, moisture eoneentraiion in the upper layers in
1000-bushel binz 2 nsnally less than in the targer 2.740-bushel bins
witen both wree filled with the same maisture content wheat ffie. G,

A series of speelal samples taken from a number of bins at Jamoes-
town demonstrated this poture coneenteation and s effert on the
quality of the wheat a2 it relains i storage. These samples were
taken t fnot and 4 feet bolow the surfree i June 1944, June 1043, and
December 1945, Al s wheat was plueed nstorage dering July 1041
i 1.000-bushel and 2.720-bushel bins. Tt was woll mixed and had an
average moistiree eontent of 12,5 pereent when placed n storage. The
pverage lest weight was npproximately 57.5 pounds in the 1.000-bushel
bins and 56.2 poundsn the 2,740-bushel bins. Total dumage avernged
approximately 0.5 pereent. Thie averge moisture content, test weight,
total damage, and protein content for these special samples are com-
pared in table 6 for the_dilTerent sanpling daies,
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MOISTURE DISTRIBUTION ON MAY-19, {942, MOISTURE DISTRIBUTION ON JAN. 20, 1944,
AFTER 10 MONTHS OF STORAGE AFTER 30 MONTHS OF STORAGE

T~

14.0
0

o ) )

MOISTURE DISTRIBUTION ON MAY 25 1942, MOISTURE DISTRIBUTION ON JAN. 17, 1944,
AFTER 10 MONTHS OF STORAGE AFTER 30 MONTHS OF STORAGE

TOVHOLS ({LVIHAL

HOUVIASHY

- Fravre 6.—Muislure distribution in-whedat placed in storage July 1041 in steel hins at Jamestown:
Upper hins, 2,740-bushel eapacity; lower bins, 1,000-bushel eapaeity.
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Several of the wheat samples in table 6, talken 1 foot below the
surface during June and December 1945, graded Sample beeause of o
musty odor. “I'hese ncluded one 1,000-hushel bin in June 1945, three
2,740-bushel bins in June 1945, and Tour 2,740-bushel bins in Decem ber
1945.  Only one 2,740-bushel bin graded Sample at the 4-foot level,
and this was in December 1945, The tolal damage of the Sample

- grade wheat ranged from 0.2 to 18.0 pereent.  The highest moisture
content recorded for any wheat sample was 16.0 pereent in a 2,740-
busliel bin 1 foot below the surface in Decomber 1945. The origingl
average moisture content in this bin was 12.2 percent, and 4 feel below
the surface the moisture content was still 12.5 percent in Decembeor

1945,

Tauee G- Comparison of the areroge pereentuge of malsture conlent, lest weight,
lolal damege, and protein condent of wheal 1 joot und 4 feel befow the surfoce n
LUO0- and 2740-hushel sieel bins after 0,3, 4. and 4 years of storege af
Samesiowen

LGNSR RINS:

1 foot helow surfaee . A4 et bedow surefee
LAtBEL]l = s mee e s e e o
TVl of sumpling L Ay - P'rg- Maois- I © Pro-
"ﬁglr,' tree . Tosi rI!(1]|Tn1-I Lt L Teak A‘::‘:l win
- cat- . weight o y . CUT Tl weight - ém‘ . con-
Tt I ey touk . i

Yeure  Prreewd Pounds Prrecwt Bercent if’frcm.‘ Faunde Percemt Pereend
il ERT 1] i [EAT iR 3

July 1041 forieinal - i It 126 AL g [N T 154
June 144, . k] P! p di.d i 1.2
Juoe 1045 . . 1 o Ao 16,1
Pwevrnher 195 e Rl : LN ]
_[
July 131 doripind I L mh! Pri e 16.2
June b A e A i L1, 16. 4
June 1945, .. 1 o L aag 1.0. M. 5
Dosenir M5 .o L. P [IH .0 ¢ W 14,0

Lhune U averages aelade sis GOOERDsted s ciglin 27400 sl Uing,  Jene U5 and Deectaber 1043
VLIS o el ebevere LIER-bus el and Dot eteen 2, 740-teshol Bins, The aversge eefginnd grade Gietors
in the tabbe wee feomt vhe Javeer mnber of bins The avierage vriginal grade fetars for (he smaller nunber of
hins woere ot the same.

® Ryverded sdaga fer this sampling secne! ta be o grder. No eaplanstion is given for this highee-than-
expetied sverge moisiuee coutend, Similay efeetsof thissampling s ere ohseryvod 1 gertrinadjon pereeniage,

Dockage and Foreign Material

The ameint of dockage or forcign material in whieat does not change
durtng stornge i it is kept free of inseet infestation. Storage docs
hot afleet these factors bt they can affeet the wheat in storage,
espeeially in the storage of damp grain requiring ventilation.  Iox-
cessive doekage or foreign material inereases the resistance to airflow
through the wheat, (hereby requiring more power lor drying and
cooling high-moislure grain containing such matter. 16 is also known
that high doclage and foreign material hinder effective fumigation
by preveniing the fumigant gases from passing down through the
wheat. {8 & = .

Tolal Damage

Inercases in otal damage are not natural changes that occur to the
wheat kernel with age bot are changes that nre brought about by
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prestorage conditions or by ¢areless storage practices.  Consequently,
inereases in total damage while in stoerage can be hield te a minimum
i good structures are provided and good management practices are
followed.

Of the several tvpes of damage included under totel damage, part
of those present before storage include Trost and weather-damaged
and other materially damaged kernels.  Other types of damage, such
as heat demage, sprouted or molded kernels, sick wheat, and insect
damage, can be the results of stovage.

Increases in heat damage are usually the result of storing damp
wheat. This ean be aveided by proper dryving and handling hefore
storage.  Such damage is seldom a problem wlen storing diry wheat.

pr outing and meld damage to dry stored wheat are often the
result of water and snow lmlxagv into the hin, This tvpe of damage
can be avoided by storing wheat in tight bins and by making frequent
inspeetions Jor possible leaks. Sprouting and mold damage often
oceur Trom the molsture migration, deseribed on page 14.

Inscet damage may ocewr while storing cither damp or dry wheat
in climates that are faverable to insect lile. In the storage of ey
wheat at Hutchinson, almos( all inerease in total damage was caused
by insect activity.  Freguent fumigation, however, held this damage
fo a minunmum.  Out of 143 bins of {|J\ wheat thab were stored undrs-
turbed from 2 to 5 veurs. only 6 bins had a total damage inerease large
enough to lower the grade of wheat, and then by (ml\ 1ar?2 mndcs
Of these 6 bina, 4 were 1 000-hushel bins and 2 were 2,740- }Jmh(,l hins.
The wheal in 3 of the 1,300-bushel hins (one painted white) had been
in storage for & years, and in 2 of these (hoth unpuinted) the wheat
was nof hmugnlml during the last 3% vears of storage.  The painted
bin was fumigated when needed, The fourth 1,000-bushel bin of
wheat was in storage 3 years:it was fuoigated when needed,  Wheat
was in storage for 4 vears in ihe two 2.740-hushel bins.  One of these
})1115 was pamled white and the wheat was not fumigated; the otler

s [umigated when needed.

With effeetive fumigation and management praelices, the inerease
m total damage from nsect activity ean be held to o mininum and
the (‘(Hnllll‘lt‘l‘ll grade ol the wheat need not change.  As shown in
table 7, aninerease in tolal damage oceurred in all ins whether stored
Tor 2 or 5 yvears. These Inereases were nob greal and did not affect
the commereial grade exeept in the 6 bins mentioned above.

Tanve 7, - Chauges in adverage preectage of toled demage Tn fL3 bing of dry wwlieat
stored fram 2o & years af Hudchinson

Todul dumapy
LamggLh of Storage §years. EHIT TR T mmeme e s s e
Tudtind Final [ereuse

Numher frereent Pereent Pergend
17 3.2 I 1]
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It requires intense insect infestation fo increase fotal damage
enough to lower the commercial grade of the wheat by one or more
srades.  Under such civeumstances the most detrimental effect s the
objectionable odor unparted to the wheat by the inseets.

In 143 bins of wheat 10 were eventually graded Sample because of
objectionable odor attributabie to insects. In 6 of these bins the
insects did not increase the total damage enough to lower the grade,
but the wheat was graded Sample in 4 of them beeawse of a sour odor
and in 2 of them because of a commercinlly ohjectionable foreign
odor, the latter heing due (o residual fumigant gases.  In the 4 remam-
ing bins the wheat graded Sample beeause of a sour odor, hut insects
had actually increased the total damage sufficientls to lower the
grasde in 3 of them from No. 1 to No, 3 and in 1 enough to change the
grade from No. 1 to No. 2.

Analvses of special samples (o show differences in total damage
within bins are shown in table 6.

Protzin Content

Neither the size of the bin nor the moisture content of (he wheal
seents Lo alteel the protein contenf while tu storage (vegression co-
efficients, tables 8 anl 9). Aceording to the magnitude of the voriela-
tion coeflicients, only 1 group of bins showed that the protein content
changed while in storage. This group was the eight 2,740-bushel bins
at Hutehinson (fable 8Y filled with 1840 wheat at 11-percent moisture
conlenl, The protein content in this group changed from 11,1 pereent
{o 114 pereent during the 33 months of storage. Actunlly, this was a

Tante B, Effeef of fength of storage on the protein content of 1940 and 1948 wheal
stored ol different modstnre contents in steed binx of 3 diflevent capucities i
finichinson

Sverage proedn cuntenl

TN w Tents i =inee contit of - 1948 wheat; moisture vondend of -

Lenglh ol sfompe 1K puer- 11 reree LT S N T LI 6T U ) I 1 WA TS
tromnihag et el coml o vend vent cent ot

=K - Four Eiglhi Twir Twi Two Faur sy
2740 1AM R N {1 1 Dl 9,740- o T 1,006H)-
bushel  buslwed  Dushel  Loshel  bushel  bushel boshel  bosbe)

[BEFRY s bilos hits TITH bins hins Ixns

Pereert Preect - Meeeand Pervent Pereeat Peeeeal vl fPereend
1.5 I 1l. T4 LB 14,4 44 P21
I !
11N
11,
1. 1
111, ¢
o
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40 [ER 3. 12,4
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1
1
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124
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R -y L U A Eh -

L.
1.
Correlisi inn cortlivient 1 B4 Y [ (] rads AT N[ - AL kx]

Tegresslon coelliclent 7. REt Nilbh] i I LOME - DG AMaG

U= signthend wl the f-peretnt evel.
20 he avernge chimee m prptein eanienl per et stegnpe.
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Tabre ©—The cffect of length of storage on the protein condeni in 1940 wheot stored al
different moisture conlenis ™ sieel bins of 2 difforent capacities at Jameslown

Average profeln content of wheat with moistao cottent of—

- 1 per-
11 pereeni i2 pererag . 13 hereent
Length of storage Lont

{inonthy R el T et T T R P —

Seven Phirnyg Nipe Twenty Speve Threee Three
1,800 2,740 1.an- AR D 1,000 T 1.000-
baslie] Bishel hushe} hushel hishel Lnasiael hushed
hins ST Bins ldng hins liins bins

Frreent Percent Peveesd Pereent Poroend Pereent Peroend
Sy R a8 - 147 - 18T 14.7
an o o 268 G0
1 16,1 16.1

3 IR &

L4 N

.3 4.8

] 14,2

[t] i1

2 A

5.8 15,5

.3 5.0

.'.3531-5-.-1‘4“?

Correlatlon eoeflicient L —. 482 Rt
Regression eoofliciont . JEHIES Lt Ll —. 10 LA Al

* The nveraee eliamee i peoietn content pir mon of storpe.

smaller change than oceurred in the group of bins at Hutchinson filled
with 12-percent moisture-content 1943 whoat., However, the inerease
e protein content with length of storage was consistent, while the
indieated protein content of the 12-percent mois{ure-conient 1943
wheat inereased and deercased with suceessive samples —probably
because of sampling errors--and consequently the correlation was not
significant.

Further evidence against any change in the pereent protein content
of wheal as the resull of size of bin and momsture content while in
storage 18 shown [rom the special wheat samples taken 1 fool and 4 fect
below the surface of the 1,000- snd 2.740-bushel hins at Jamestown
(table G}. The differences between the protein averages at the 2 depths
are nonsignificant, but the differences between the meisture averages
for June and December 1945 are significant.

Protein studies on the wheat stored at Hutehinson and Jamestown
dealt only with the changes in the quantity of the protein, No atltempt
was made lo measwre any chemueal ehanges i the quality of the
protein of the wheat while in storage.

Fat Acidity

Fat aeidity is expressed as the pwnber of milligrams of potassium
hydroxide (KOH) required to neutralize the froe fatly aeids extracied
from 100 grams of wheat calealated on a dry basis. 1t is usoally
expressed as fat aeddity units,

It has been shown by« previous repert that the fat acklity units
inerense with the length of storage and that the size of the increase is
related (o the moisture content of the whoent »

PReuy, (0 F, Sra, Bl M., Ssumox, 5004 and Braes, R WA

CL
STORAGE 1IN EXPEREMENTAL CARM-TYLE Bins, U080 Dept. age U, 637, 245 pp.,
lius. 1442,
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According to the significant correlation coefficients in tables 10 and
11, {at acidity of wheat increased while in storage in all the groups of
hins except those at Hutehinson filled with 9- and 10-percent moisture-
content 1943 wheat. If more intermediate semples had been takenin
the J0-percent moisiure-content group, it probably would also have
ghown o significant correlation between the length of storage aund fat
acidity increase.

The regression eeeflicients show, when the size of the bin is dis-
regarded, that the mte of Tal neidily inerease 1s greater for the higher
moisiwre-content wheat {table 103,

The fat acidity data taken at Hutchinson were not sufficient to
anahze the effect of bin size on the inerease in fat aeidity, since the
different moisture contlents were not divided appropriately among the
various sizes of bins on {he site.

Similar greater inereases in fal aeidity with the sforage of higher
moisture-content wheal were noled in the Jamestown bins {lable 11).
The only contradiction o greater fat acidity inereases in higher
moislure-rontenl wheal was that of the L3-percenl meistwre wheat in
the 1,000-bushel bins,  According to the Jamestown studies, bin size
did not affeet the rate of inerease in Tt acidity.

The rate of fat acidity inereage at a ghven moisiure content was
lower al Jamestown than at Mutehingon.  This was presumably
saused by the Jower annual tempernttres in the North Dakola area.
Eleven-pereent moiature wheai at Jamestown had about the same rate
of fal acidity inerease while in torage ns that af 10-pereent moisture
wheat at utehinson.

Tanne 10 The effeet af length of storage on the ol aeidity of 0500 and 1943 wheat
stared af different peeecnd annisture continls in siedd hins of 3 differe nl cupaceitics at
futrkinson

Average fat aeldty

Padtvw s, medstune eontent of - 1915 wlunt; maistare eontent of -
L'"’f:}]‘q;‘l{"‘l"" 10 e i1 perenn T {prevnt M pereent 10 preest 1 peeoetl 12 porcent
ey e Faght Tug W T Frar Fiv
2. 1 HMI- L1 Sl 1.0 A TN 1.1H0-
L=l hugslact Yarslue} hugsteed bslwed busln-l toshad hushel
here battes [ ITRN huens bt hins bins bins
T witn I urnte [ reats [RTIIE [T {"any {mify tinils
i 23 au Is i 14 i 17
11 kg 21 Yy .1 HB 21 17
3l s 21 hx] et 1 [ 1
N 2 4 L Fa 15 ] In
2% Hy I 3l -
2l P HeY 42 ..
] Rt ) ik 1%
M Er Gt 30
i RS Rl - -
H 4] 41 B2 . PP .
2 it 31 S Al o d
25 41 Nif] Ceaa pil . e e e e e s
Correlution eoelh- :
ritpe . L . Rt gt B R - 144 Hin LGt MLt
Covtlielonl tf rdetir- )
mination - .t ] in = ¥ 43 R 53
Rpgrpssion rifi-
eienl 2oL, 30 | L) iy} -1 bl L35 3

= Sjgnlficanl al the S-peoeent fevel T =sienllleant ab e 3-peresnt lovol,
1 The peroentage of totad voration o sueesetve s ples aegounled for by the length of storsge.
E Averaee chanpe L fat neldity per month of spurage.
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TaBre 11.—The effect of length of siorage on the fat acidity of 1940 wheat slored al
different percent moisture contenis in sfeel bing of 2 different capaeiiies at Jamey-
Lown,

' Average b aeidity of wheat with meisture confent si—

H N i

1 11 perent . 12 peretnt - 13 ereent 114 pergent.
Langth of slorage [t:6ihs) . ) =~ " '

i Beven | Three | Nine Tweuty , Seven | Three § Three

COL00- o WTA0- o 1000- Dok b 1000- 0 mTage 1 1,000~

© bushel | bushel ; bushel | Dushel bishel © bushel ; bushel

' bins | hins l bins - hing Wus ¢ bins | bins

Units . Uily . Units . Cifts Lmts o CHlits Lty
15 Py - | 14 : " F k-]

il "1
b L

a1 Lo
11 ]
14 L
a4 35
24 o 1%

Correidation coellleil v -

LT LT LGEEtT
Coetlicient of delerinaiion al D [y -] iin ¥
Regression geellicient 3. .} - | | I | L3l Loy E:h ! ]
[ 1

| *=8rpificant at the 5- Ix.rmn(. lt'l'l.l **=gipnificant st i 1-pereend level
2 The pergentsze of tolal vaclation o suecessive surnples segountsd fr by the length of storage.
3 Averuge change n Ind acidity per mowh of storage,

The higher moisture content of;the wheat at the bin center near the
grain surface and the differences in wheal temperatures at the grain
surface, the bin center, the south portien, the soutliwest partion, and
the west portion led to the beliel that these variations would eause
differences in the fat acidity of wheat af these various locations. To
check this, a series of spot samples wore (zken rom the top half of the
bin at each of these locations [rom thirteen 1,000-bushel Lins and
twenty-five 2,740-bushel bing at Hutehinson dmmtr June 1943 and
'Hrmn Jn Januar\' 1944, Wheat had heen in storage in these bins for
2 and 2 23 years, The differences among the fat acidity averages at
the various locations i the bing were not slatistic ally mumﬁvaul (tnhlc
12).  Howoever, no sumple was obtained entirely from “the top center
area where moisture contend had been inereased by moisture migration.

TanLe 12 -~Aperege ful seidilics and germinetion of wheal af various focations
within 1.(K00- ot 2,740 Hm\!u{ fiins after 2 aned 243 a,:(‘nr:. ufa!omr;r' 1t H:.-fchmwu

i
Average of thipleen 1,000 bosind bins '. Average of Cwentv-five 2 70-busliel bins

allr afler- -

) } R

[‘(’mh'i’# I‘;{[:“m”’]“ . 2years’ slorage 25 years’ Slomge | 2 vears’ Slorge 214 yours' slurige

Fat Ligrini- Fal fiermi- Fat, Orprmnd- Fal Liermi-

ackldney | onaion Beidity ! nation  acidity nation = acidity ! wation

', Uity l Prrcent Uwits ' Prreenf Ualts  Pereent {™wifs i Frereemd
Surfaes V.. L. e ann 4l A L] 4.0 a4 W 8.7
Center?, | - €210 ML R | R 43,2 ] KER 4K, 1
Bouthd, ... o Wl i ] Eial a7 334 gk L W
Sonthwest2 ..., W1 AL hY ) 3,46 KRR TN 44,2 LI}
Wiesl 2 oS, 2 LR W WG 33 i oy 40,3

H \\'qut banmlu [rmn 10;1 1 w0 2 Inetus.
2Wheul sminple from penter of bin, 2 Inehies o 7 I'm-t Below smf'\co.
3 Wheal sample 2 fept fromn squih, soulbwest, or wesl wall, 2 fnebes Lo 7 feol Below surface,
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Special spot samples for fat acidity taken from the Jamestown bins
gave similar results Jor wheat stored about 3 vears. At Jamestown
the spot samples were Laken from only 2 locations at the bin center—
1 foot and 4 feet below the surface,

The differences hetween the fat acidity averages after 3 vears'
slorage were nel statistically significant, but the fat acidity averages
after 4 and 4¥ vears of slorage were significantly different {table 13).

Tarie 130 -Comparison of average fal veldilics and germination of wheai 1 fool
and 4 feel below the surfoce i 1.000- and 2.740-bushel bins after 3, 4. and 41
yewrs of slovage al Jawmestown :

AVERAGE FOR LIMEBBURIET BIN&

1 foul bolew =urfac A Beer beltow sarfaee

Dute of st ding iti?ﬁ;]’,{:,r e e e m e e e e e

SLHAEE i Fal Gurmi-  Muisiure Trat {iormi-

eeatent aeldily nation content  acidity ko

o Yiaes Pereeut Units Prereet — Prevcr Uity Freeemd
duly MY toriginglr t 24 s Y 12,4 e a0
June 194 0 L 4 134 s 3 ot ERTHY
Jupe 145 . . . . LI [ER] 42 [} 34 K&
i, VMG i Rt [E Ry 44 Bt 3 L1

t
AVERAGE FOR2TM-BITSHE)L BINA

July P41 wripinad, " 124 ] 9 b} Gy
June 1944 L . ES 4 %] ) In 2
Jrarre 1940 .- I ER 41 45 qik T
e, 1945 . L . b IR H 43 i k1] 2

LS ot note Lojable &, poIn
< Feg fotaeis 2, Ghle 2, o B

The findings at the 2 stetions ave simiar,  Neither set of bins ot the
2 stations showed anyv distinet difference in the fat acidily of the wheat
at vacious loeations i the bins when stored less than 3 vears.

faermination

Gormination as uzed here relors o the viahihity of the wheat and is
reported s Lhe pereentage of kernels developing strong sprouts in
geriminalion tests on average wheat samples taken from the bing,

Germination, like fat acidity, measures deterioration in wheat that
1w not aceounted Tor by conmercial geade standorvds. Both  fat
aeldity and germination show ehanges with age, although the com-
mercial grade of the wheat may remnin the same,

The relationship between ibe deeling in germination and lengthy of
storage was significant m all § groups of bins av Hutebinson filled with
- {0 12-pereent moisture wheat v 19460 and 1044 (able 145, These
rates of deerease i the 1048 wheat, when the size of the bin s disre-
gorded. show g greater dechne In the pereent germination witly an in-
crease in moisture content,  The exeeption is the T-percent inoisture
wheat in the 2,740-bushel bins for 1843, Dowever, datla for this
aroup wore not so complete as for the other groups,

The 1,000-bushel bins at Hutehinson flled with 11-pervent moistir
1940 wheat showed & greater pate of deereas in germination than the
2,740-bushel bins filled with (e same moisture wheatl {table 14).
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Orcinarily this would be evidence that the germinafion decreased
{aster in smaller bine. However, the wheal stored at Hutchinson was
subjected to heavy insect infestations and required applications of
fumigants for their control. and it is known that certain fumigants will
decrease the germination.! Although an atlempt was made to min-
imize the effect of fuuigants on germination by discarding data on
bins that were fumigated with nethyl bromide, the data in table 14
come from bins that had received applications of various fumigants
at least onee and in some cases many times.  Consequently, the data
show net only (he decline in germination with increasing moisture
content but also the effect of insect infestation and the application of
the varvious Tumigants. Were the bins naturally Tree from insects,
statements regarding the effect of bin size on the rate of decrease in
eormination could be made.

TanrLe 14,-~Fffeet of leagth of storage on germinaetion of 1940 and 1943 wheal stored
al differenl moisture cantenls in steel bins of & different capocrties at Huichinson

Average germination

1040wt tnoistuee eontent of- 1943 wheat: moisiure cantent of -

Lineth of starape
menils:

1 pereent L pereend 12 poreent W peremnt W pereend L pereent 12 pereent

2 Faur Tight Twn Twn Twar Faur iy
RS LIKKE kAL ,I00- JRETAS 354 2.0 1, (KM=
Tagslant inyshel hashel tarshiel hlishel Tinshued IR B hngshel

hits hies i [EEEN hins hipis s [

Pereewt Poreemd Pereent Peroewt Peeeent Precend Poreed Peroent
i 51 w1 iy W " a7 W
an Hd [LH] N
14} iy iy LU
k] mlh ad H

M
T iy

Carrelation eorffi-

il ! R b A4 . RN R .1
Coeflicieal of dutere

minadion 4 L H = ; Ht
Reproession tovl(h-

eiend - - ~148 4 % -G

P = Blmilleant ab the l-pereent el .
T puereenimpe of olad varkallat i e speeessis e sapples actorinted for by e heagtin of storage,
S Average change in pereent germiination pur menth of stoerge,

The pereent germingtion deerease in stored wheat at Jamestown
was similar to that found for the Hutehinson bins in that a greater
deercase securred in the storage of the higher molsture grains (table
1531 One differenee in the resudts from the 2 storage locations was the
smaller rates of decrease in the pereent germination of the wheat per
mondl of storage. A comparison of the rate of pereent germination
deereases ot the 2 stations indicates that the germination ol wheat
storedd at Hutehinson decreased approximately 24 times [aster than
that nf wheat of similar moisture content stored ol Jamestown,

v See footnote 1, p. 1.
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The lower rates of decresse in percent germination of wheat stored
In Jamestown are presumably caused by the lower temperatures in
that area and to the low leve! of insect infestations and the few fumi-
gations required for their control.

TABLE 15.—Effect of lenglh of slorage on germinalion of 1940 wheat stored at di fferent
moisture contenls in sicel bins of 2 different capacifies al Jamesiown

Average germination of wheat with moisture content ol—

11 pereeit ' 12 percont - 13 pereent 14 pereent

Length of storage (manihs) ) - : - ) - .
1 Beven Theee . Ning CPwenby ¢ Bevopn b TMairee l Three
TOLEDD- T 270 o803 20 3,000 ATV 1,800
- bushel . bushel | bushel - biishel , bushiel " busiiel  bushel
i bins bins | bhins bins @ bing - Ding § bing

Pereewt Pereent - Porcent . Prreent . Percemt . Percent
. L) R 1] L] : Poag - &l

Correlation eoeflicienl s _
Caeflicient of determination 2
Hopression covlfivient ¥

P r=REignifiennt ot the Spereent lovel; + =significant at the }-pereent level. )
I 'The perceninge of the tolal variation in ¢l sueepssive samples aecannted for by ibe longth of siorage,

1 Avernpe change in pereent ssrmination pior menih of storge,

The rates of percent germination decreases (Lables 14 and 15) were
computed from the linear relationship between the germinalions and
months of storage.  The data used in these analvses were taken over a.
3-vear storage period, and the slow bul consisient decrease in Lhe
germinations found for most groups of hins over this period indicates
that the germination of stored wheat decreases at o constant rate.
Sporadic germination tests made on bins of wheat that wope stored
longer than 3 years did not provide sufficient data cither (o prove or 1o
disprove linetsity.

Gernination percentages were determined on the same set of special
spol samples taken for fat acidity observations at Hulchinson and
Jamestown (lables 12 and 13).  Siatistically, no sighificant differonee
was observed hetwoen the germinations from varions locations willin
the top half of the bins at Tiutchinson after 2 and 2} vewrs of storage.

The same was true for the differences between the germinations ag
the I-foot and 4-Toot levels in the Jamoestown bins (talde 13) after 3
vears of storage.  Differences at the samoe 2 levels after 4 and 43¢ years
of storage were significanl. Thoese germination results from different
parts of the bins are about the same as was found for the fat aciditios
after 3 or more vears of storage,
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Summary

Analyses showed the following changes in wheat grade factors:

Theve were fow significant clianges in the commercial grade {actors
of test weight, and meisture content of the wheat stored over a poriod
of vears.

Total damage increased slightly while in storage.  This increase
resulted from rainwater leakage, inseet activity, surface moisture, or o
combination of these causes. Except for a {ew bins al Hutchinson,
Lhowever, whieh were heavily inflested with inscets, the inereases
total damage did not sffect the grade of the wheal.

The pretein content of the wheat did not change while in storage,
even in portions wheie wheat deteriorated beeause of high meistures,

In general the fal acidity of the wheat increased and the germination
percentage decercased while in storage. The extent of the changes in
these (aclors was relaled Lo {he moisture content ol the wheat and to
the chimate where it was stored,

EFFEGT OF BIN SIZE ON WHEAT QUALITY

The various suecessive measurements ol {est weight, moisture
content, tolal damage, protein content, fal weidity, and frvimuml:on
on wheat samples showed no definite indication that the size of the
bin was respensible for any of the changoes oceurring in these measure-
ments of quality,  If only the comuereind grade Taclors of test weight,
moisture content, and total damage are considered, any changes that
did oceur were just as likely to appear in a small bin asina Lntr{- bin,

Based on condlicting results in the fat acidity (table 13 andg( INTHES
ton studies in various sizes of bins, it appears undiicely that bin size
Iad much influenee on the maintenance of guality in the stored wheat.
However, there was a tendencey for greater change in the fal acidily
and germination i the surface wheat in 2,740-bushel bins than in
1,060-bushel hins {table 13). This difference was probubiy the resuit
ol the grealer increase In surface moisture in the larger bins,

EFFECT OF FUMIGATION ON VIABILITY

Bavly in the mvestignitons at Tlatehinson it was noted (lint some of
the bing that had been Tumigated had a lower germinatlion pereentage
than others.  IL was Townd that these differenees were related 1o the
kind of funugant used {table 16).

TasLe 16— hange in average wheal germinalion pereemlage ta comparable hins
frealed with different fionigants af Hulelinson

Avernee

eluteape T

Hins pering-
Lien

Fuasignal

Miuwter | Ferecat
1-Biiehioro-l-nitravinne-carbon lelrachlorkde misture o . 14 az,
Chloropierii-eirban {elracidocide migtoee. .
Chigropierin-ethylene dichioride misture_. . ..

Corbon disnifde-carben webechiorde mistaee

Carbon Lebraciiloride alone . ..
D-nethylallyl ehforide-carbon tetmelioride wistiare e s
Acryloatbrite-{ richloroacelonitrile-cartnm toon uhlcn(!: nsixie
Eibyiene dieldoride-parbon detrachipride wmisture ., oo ..

1 Cheek ar untrcuied W llcul.!n tesls eonducted gyier o -vonr poey iod sliow {‘d [ LTTER !Elmi al s! ark 85 pmt‘cul
amd afier 1 year 86 pereent, o change of —§ pereent,
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At Jamestown a special fumigation study using & mixture of 3 - 1
ethylene dichloride-carbon tetrachloride containing 10 percent methyl
bromide showed that the viability of the wheat was roduced materi-
ally by such treatment.®

EFFECT OF FUMIGATION ON FAT ACIDITY AND PROTEIN CONTENT

Fat acidity values and percent protein content of wheal after fumi-
gation with the mixture containing 10 pereent methyl bromide (used
in Jamestown bins) are shown in table 17,  Changes due to 1 umigaiion
were 106 statistically significant.

TAarLe 17.—Average wheat fat acidity and protein content for three 2,740-bushel bins
of wheat fumigaled with ¢ wiziwre conlarning 10 percent wmelhyl bromide and for
three similar bins of wheat not frmigaled, famestown

I .
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; l-‘umig:llodif B ‘:{Ell:“fil“’_
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Suy 1943 S

August 1913 e
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Fune 1844 .

VA verage of 3 bing,
* Fiest fmnigntion Noveniboer 1940, I'hose figueres reprosent il efdity snd proiein conesi, before fuid-

gRLion.
EXPERIMENTAL FLOOR STUDIES

A study was made of the effectiveness of various types of floor con-
struction and of materials in preventing the deterioration of whoad
often found on floors of storage bins. Since the results of these Lests
are available in other publications ouly a briet surmmary is given here. !

All Hoors studied were in 14-foot diameler, 100-bushel steel bins.
Twenty different floor designs were tested in 48 trials ot Hutchinson
and 21 floor designs in 39 trials at Jamestown. Tests ran from 1 to
3 years.

The main types of floors and foundations studied arc shown in
figure 7. Tvype A was standard for the steel bins. Types B, C, D,
E, and F were experimental.

PERFORMANCE IN DIFFERENT LOCALITIES

Although the Hoors installed at Hutehinson and Jamestown were
almost identical, there were noticeable differences hotween the 2 hin
sites, At Jamesbown there was excellent surfave and soil dreinage and
the site was never flooded. At Hutchinson opposite conditions existed,

1 See footuobe 1, p. 1.

H(nross, B R. UBRFORMANCE OF GRALN BIN FLOORS. Agr, Kngin, 26; 417
420, illus, 1943,

Bratin, 15 M. SPORAGE PERFORMANCE OF ¢RAIN BIN PLOGRS Apr, Engin, 27;
357-362, illus. 1946,
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Fiavre 7.--Types of bin Hoors used in wheat storsge studies,

althougl the floors were never inundated.  Average precipilation at
Hutchinson was 27.8 wches as compared to 19,5 inches at Jamestown.
Haowever, at Hutchinson precipitation was 33.0 inches in 1941 and

. - 46.7 inches in 1942, Drilting snow was o more serious hazard al
Jatnestown than these records would indicate.  Whenever snow ae-
cumulaied agrinst the bins used for experimental floor studies, i
wag shoveled or swept away before melting could oceur,

@ With (hese relatively favorable conditions at Jameslown, much
hetter resuits might be expected from the Jamestown fests than from
the Hutchinson tests. IHowever, the average amount of visibly
spoiled wheat per floor test ol the 2 bin sites was practically the same- -
3.7 bushels at Hutchinson and 3.8 bushels at Jamestown.
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Also, floor performance as measured by the final moisture content
of the wheat on the center of each floor showed approximately the
same results for similar floor instaliation at both. localities.

Seasonal fluctuabions in the moisture content of the botiom 15
inches of wheat were observed at both localities. In these observa-
tions, the average miwisture content of the wheat in January 1942,
July 1942, and January 1943, as compared to the initial average wheat
moisture content, was:

Mofsfure contend of wheat

af—
Futchingon Sumestoirn
(Fercent) (Fercent)
Date and probe sainples:

June 1941, iniifal binaverame. ___ ... ... _ ... .. __. .. 11.43 12,41
January 1942, bottom 15 inches m bin_ ... _. T B = 12. 52
July 1542, bottom 15 inches in hin o . - . 13,42 13. 19
January 1943, botlom 15 inches in bin__ __ . 11. 24 12,41

The above conditions show (hat in the absence of voof or wall leaks
no abnormal moisture change oceurs in wheat on floors where there
is no water leakage or penetration of moisture from the subfloor.
The periodic changes of the wheat meisture content within 15 inches
of the floor is explained by temperature gradients directing the move-
ment of water vapor by convection currents from one section to
another in the bulk of wheat.

RESULTS

1. Nine floor types proved effective in (hat no spoiled grain was
found on the floors and floor moisture was adjudged to be within safe
Limits.  They were (1) steel on earth, not calked; (2) steel on carth,
calked; (33 steel on gravel; (43 steel on joists; (5) concrele with
aluminum-foil overlay; (6) concrete with roll-roofing overlay; (7) single
boards on joists; (8} double boards on joists; and (9) roll roofing on
carth.

2. Six floor types that proved less effective in preventing erain
speilage or developed excessive moisture near the floor- -hath condi-
tions prevailed in some cases—were (1} concrete on earth; (2) conerote
on gravel; {3) concrete with board overley; (4 concrete on tilo:
(5) concerele with 1 coat of emulsifiod asphalt; and (6) conerele with
2 coals of emulsified agphalt,

3. Xour types vonsidered uncertain, although no spoilrge occurred
but moisture was excessive in at least one trial, were (1) siocl on file;
(2) perforated steel on joists; {3) 2-course conercte; and (4) concrete
with aluminum-feil paper and board overlay.

4. Calking at the floor-wall joint was incffective in floors where the
platform extended beyond ihe bin wall, (Types B, C, and D.)
These studies showed that, calling has definite limitalions as o remedy
for poor floor design.

5. Flashing the pletform fAoors proved elfective in prevonting spoil-
age caused by floor-wall joint leaks.

6. Moisture harriers nre requived for conercie floor designs, but are
ineffective if the exposed concrete floor is not properly flashed or
shielded above the moisture barrier. '

7. Embeddiag the bin wall in the concrete floor makes a substantial
foor-wall jorax.
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8. Floor materials of straw, roll rooling, and silo paper. as used
in these tests, proved satisflactory in maintaining the quality of the
wheat. The straw, however, must be sifted to remove wheat.
Approximately 10 bushels of wheat was thus rvecovered from the
straw floor in the Jamestown trial. A cover of kraft paper over the
straw is o possible improvement in this type of floor. Paper [loors
are satisfactory but are subject to damage when the bin is empticd.

REMEDIES FOR DEFECTIVE FLOGRS

Aany farm storages have been erected onn conerete or wood plat-
forms that extend beyvond the bin walls.  Spollage has always been
observed in wheat stored on sueh floors.  Some of the tests demon-
strate that this ean develop into a serious loss.  Elaborate alterations
are not required to remedy the defeet in this type of floor. A strip
of metal flashing uttached to the bin walls by melal serews at the
position shown in diagram .1 of figure 8 proved ceffective. This

Remedies for defects i1 bin Faors of platfarm Fypes

B
underside cc/é.cd‘

metched boordly

or sheatng ] Yiaakbing

Jiding

relf ml‘;;rg CEMEntae
L [mﬁ o/ lap3 oredges

| [ PRooriag
[ | fo. 3¢y

| | P

rovre S0 Remwedies for defieetive bin-floor fostadlaiions,

method of proteeting the Hoor was adopled, even though somewhat
difficult to nstall on o round bin, beeause i did not interfere with the
tests on vartous (loor (reatments and coverings. Otherwise, the
method illugtrated it dingran £ (e, S0 would be more effeetive and
simple.

H oeonsideralile shoveling is necessary, as oo bin used for Teed
storage, the roll roofing can be covervd with boards or o conerete
tepping, A similar applicntion of voll vooling dig, 8, ¢y is suitable
for hins having wood platferm floers where external 2ludding prevents

® the effeelive use of ilashing,  ¥For rectnngulur bins Laving incernal
studding, flashing tlig, 8, £ is prohably the simplest protection that
ean be used effeetively.
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MANAGEMENT STUDIES

Past experience in the storage of surplus wheat by farmers and by
the Commodity Credit Corporation showed that sound munagomcnt
practices were necessary for prolonged storage of wheat in farm-tipe
bins. The wheat-research investigations at “Hutehinson and James-
town were designed to obtaln information on different methods of
managing wheat of low-moisture content in storage. A sound manage-
ment pmcllcc must fulfill the tollowing requirements: (113 Prevent
deterioration indefinitely, as measured b\' standard grode factors;
{2) prevent loss caused by insects or rodents; (3) pu‘\ont qi)o:laov
from heating as the result of high moisture content and high tem-
peratures, or bofh, and {(4) maintain wheat in good condition Tor long
periods at minirmuon cost.

OBTLINE OF TREATMENTS

Only steel bins were used in the management studies at Hutebingon
and Jamestown. Thev wore of different sizes, however, and some
were venfilated, A total of 73 bins wos used at Hutchinson and
80 al Jamestown,

The bins in the management studies, excopt for 2 bins filled with 1941
wheat at Hutchinson, were filled in June and July 1941 with 1940
crop wheal that had previoushy been stou‘(l in l(rmnml elevators, It
araded mostly No. 2 and No. 3, but o Yew of the bins were filled with
No. 1 and No. 4 wheat.  With fow exceptions. tost weight was the
frclor establishing the grade.  Exeept Tor three 2,740-bushel bins at
cach station that were Alled with wheat laving high dockage, ranging
from 3.0 to 6.0 percent, the wheat i storage contained doc l\awv of
1.0 pereent ov less. The aversge moisture content of the wheat was
11.3 pereent ab Hutchinson and 124 pereent at Jamestown.  Wheat
with such mowsture contents is considered as dry and storable in
these respeetive areas; consequently, the investigations did nat
inelude any provision for managing damp wheat In storage,™

The bins of wheat used in the Jmmatrvmvnl studies were originally
assigned (o 8 dilfereat freatments, cach providing a possible managoe-
mont procedure.  Iastor, & nindl treatment was added at ilutthmsun
These treatments, designed mostly 1o protect stored wheat against
damage caused h\' inseets, exeessive {emperalures, or stvlace spoalugv
fell inlo two cafegories— preventive and curative.  Precentive freal-
ments wore (I{“:Igiii’ti to precondition the wheat to prevent the oeeur-
renee of the eauses of damage, anl exratire treatments were designoed
{o eurce and recondition the wheatl after the vecurrence of e eauses
of damage.  Thoese treatsnonts were as follows:

. Ny drcatmend tehioek binsie <This wheal was placed i storge direetly from fer-
minad elevators without wee kind of freatment or fuinigat fon,

2 fuiltial fuomigatton al Thetehinson and, i weressory, al Jomestawn; no subsequent
freelme nd (preventive treafmeniy, -At Hulehinsen fhis wheat was finnigated
willl 3 gallons of earbon diselfide por 1,000 bustiels of whent when placed in
stornge. No fucther treatment was given, The inseel-free wheal at Janes-
town was not lumipgalod,

2 eDamp wheet' is defined hoere o having Loo mach moisturve to store For long
periods without spt):lnkt‘ in tm\e’ntllalt-d tiehitly eonstrueled bins: that is, wheal
above 12 pereend moisiure fn Kansss aned ahove 34- -perecnt in North Dukota,
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. Odl spray on wheat surface (preventive treahent), —The surface of Lhe wheat
was periodieally sprayed with 2 quarls of parafiin oil in the 1,000-bushel bins
and with G quarts in the 2,740-bushel bins,” 18 purpose was Lo seal (ho wheat
surfuce against inscel invasion,

. Periodic fimigation, June and Seplember, loter ehanged to Llugust ond Gelober
af Hulehdwson, bt Augnst anly at Jamestown {proventive {reatment). - This
wheat was to be fumigated twice annnally at Hutehinson whether or not iF was
weevily, and onee annually at Jamestown.,

. Turning in cold weather (preventive treatmenty, - This trealment, also reforred
fo as “lurning in January,” consisted of {urning the wheat from one bin (g
another onee a year during cold weather, _

. Fumigation when weeessary teurative trealmenty,  This wheat was (o be fumi-
gated whenever the inseet population was considerogd danugerously high.
Turaing and eleaning when frecssury (curative treatments,  This Lregtment
vorsisted of running the wheal over 4 eleaning sereen while turning iU From one
bin to anvther whenever it becane infested with inseci=. The treatment was
to he wsed when the insect population was considered dangerous or if exepssive
lemperatures developed,

Tyrning, deening, and fumigaiiay when neeessery (eariive treat ment), - - This

lreatment consisted of running the wheat over a cleaning sereen when (u riing

it from une hin to angiher and Tumigating after turning and cleaning whenever
it hecame infested with inseets,

Regular anauad fumigetion in Ortober iproventive treatmentl. AL Fhaehinson

this treatment was added 10 the original managenent studies 18 months after

the other treatments were started. 1 consisied of Tumipgating the wheat onee
cach yvear during October whether or ol the wheat was infested with jnseels,

Table 18 lists the number and type of bins originally assigned (o cach
treatment at Hulehinson. 1t also shows the number of bins remaining
in o treatment at the end of each 6 months of storage and gives the
reason bins were removed (rom a Ueatment.

Inseets were & major problem at Hutehinson, and all the treatments
woere applied to prevent damage Lo the wheat. However, in (hose
treatments adequately controlling insects, wheat was stored safely
for as long as 5 years before it was sold during the war 1o help meet the
demand for wheat. _ _

Iseets were not @ serious problem at Jamestown, and consequently
treatments Nos. 2, 6, 7, and 8, all dealing with Tumigation or cleaning
for inseels, were never applied. Treatent No. 3 (oil sprav) was
applied al Jamestown. however, but was discontinued, owing Lo (he
absence of inseets. Treatment No. 4, periodie fumigation in August,
was applicd but only in onder (o study (he effeet of a fumigani on the
viahility ol (he wheat.  Treatment No. 5 was applied to study the
merits of turning i cold weather,

Wiheal stored well at Jamestown. 1t renained in storage for as
Iong as 4% yenrs before it was sold during World War 11,

TREATMENT DATA AND DISCUSSION

No. 1. Mo Treatment

Cheek bins were established to determine how long low-moisiure
wheat vould be stored salely at each staiion i unattended ami
unirewtod.

At Hulehinson three 2,740-bushel unventilated bins with ealked
floor and walls were used for cheek bins,  T'hese bins were flled with
wheal during June 1941, Two of the bins were filld with No. 1 tap
qualily wheat free of inseels and with a moisture content slightly
below 11.0 pereent. The other was fitled with No. 2 wheat with n
moistine content of T1G pereent and was slightly infested with inseets.

HE3 Y1 - ]
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Tanve 18~ Number of bins originally assigned to Uie

Treptment

Neseription

o iregtment .

Initial fumigation, if necessary: no sub-
sequent tréntment,

O speny, May and - August

. Fumigation June and September later |

“changed to August and Qctobers

. Turning in January.
i

o Fumigation when necessary ..

“1 Turning and cleaning when necessary

Turning, elenning, aid Mmigating when

neCessary.

Regnlar annual ffgation i Oetober €.
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Reason for terminaling bin
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Do,
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1o,
Do,
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Do,

N Do,
3 1 Sold wheat,.

o,

1o,
Do,
Insects.
Do.
Do,
Do,

Do.
Ynseets and high mofsture,

L)},
Changed to treatment No. 0;
sold wheat; insects,
Difticalt 1o mmligate,
Changed to trealment No. 9,
Sold wheals
Bold whent; inseets.

i Sold wheat.

Soldlwlmut; insects.
120,

¢ Inseets.

| o,
i Sold wheal,

Jo,

¢ Insects,

Do,
1o,
[BON
Do,
Do.

B ‘The l)lns'or' “\\hl‘l\i ix>1)lllls>tfét\ll,x\exi£ I'l'ud*n'rlgi'm\i‘ls' BEcn nbslgnedtoolhcr treatmenis
a8 fndieated, They were fumigated for insects, however, before belng tested In- this

freaimend,
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b =8ame as 1, except high docknge, 5 Peapsferred Trom treatmient No, 2, Tanunry 1943,

¢ =Sime ns A, except low 1est weight, . 8“ransferred from treatment No, 6, Janoary 1943,

3 Pn!mm‘me. 3 Pransferved from treatment No, 5, Janoary 1943,
. e
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Although not considered & dangerous infestation when filled, within 3
months inseet activity in this bin caused spot heating. It wasnecessary
to fumigate the wheat during Seplember to save it “Irom excess insect
damage,

The low -moisture, high-quality, nsect-lree wheat in the 2 remaining
bins was in storage 3 vears before requiring attention. At the end of
the second year “of stornge a slight insect infestation was present,
but this id not affect the trmdv of the \\iw At the ead of the third
year, however, the wheat was graded *w cov ilv." Tnsecfs had .in_-
creased to the point where 1 was necessary o Tumigate.  The wheat
remained in storage another vear alter fumugfttion hefore the blm
were etnpticd,

During the 4 vears of storage the temperalure of the whest never
reachied a dangerous point, though localized spoilage caused by water
leakage and inseet activily, amounting to 60 bushels in one bin and
108 bushels in the other, was found in emplying the bins.  Approxi-
mately one-hall the damaged wheat found 1o these bins was ecaused
by inseets. The bulic of the wheat, hiowever, was in good condition
and st graded Nao. 1, though “weevily™ {{able 18,

Tanne V% Jwitial aud final wverage grade of Hard Winter wheat storod nadistnrbed

Jor .} years and wntrepted for 3 years al Hulchinson
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AU Jamestown, owing Lo the relatively few inscets, wheal was
stored witheut fumigation or tuming in large and small steel hins,
with or withoual L-tubes, for as Jong as 4% vears without change in
the commereial grade and with & misimum amount of spoilage,
{For deseription of L-tubes, see p. 57,4

Originally 12 hins of wheal were assigned as cheeks at Jamostown,
but beeanse the wheat in hing assigned 1o olhier treaiments was not
treated, 70 bins are diseussed heve. These 70 bins were filled during
July 1047 with cither Dark Northern Spring or Hard _\mhu Durum
whoat,  Most of the wheat in the bing geaded No. 2 and No. 3 wibls
some No. b oond Noo 4 dable 2050 The moisture confent averaged
125 pervent, The final aversge geade sample {from ihese bins was
taken during February 1844 alter 2% vears of storage.  Althongh
the wheat remained in storage Trom 334 1o 4% years, only surface and
spol samples were faken after February 1044,

Thoe avernge grade of the wheat in these bins talken during February
1944, after 27, vears of slorage, was the samoe as when first placed in
storage in all exeept 6 of the 70 bing,  In 5 of the 6 bins, the wheat
had a lower ar higher geade by 1 number, owing (o a small ehange in
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TasLu 20.~Initial and final average graides of wheat slored wnireated and widisturbed in 2,740-bushel and 1,000-bushel bing dal Jamestown
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test weight, easily attributed to sampling variation, The sixth bin,
however, was “weevily” and graded Sample because of amustly odor.
This bin and 6 others that still maintained their inifial grade were
emptied at the end of 3 vears.

The remaining 63 bins were held in storage for an additional % to
Vi vears, or a total of 315 (o 4% years of storage.  No healing oceurred
in any of these bins during storage. but surface damage ovcurred in o
few as o resull of increases 1o surface molsture.

During Oclober 1944, after 31, years of s{orage, the top 20 Inches of
the wheat was sampled for an official grade. The wheat near the
grain surface in 18 of the 63 bins graded Bample owing {o a musly
odor. Bins having some wheal grading Sample includod 35 pereent
of ithe 2,740-bushel bins with no L-lubes filled with Dark Northern
Spring whent and 48 pereent of those filled with Hard Amber Durum
wheat and 33 percent of the 2.740-hushel bins with solid L-tubes
fitled with Dark Northern Spring and 30 pereent of those filled with
Hard Amber Durum.  None of the surface wheat in the 2.740-bushel
bins equipped with perforated metal L-tubes or in the twelve 1,000-
hushel bins graded Sample.

The average moisture content of the surface wheat grading Sample
wis 140 percent I February 1844, as compared to the average
moisture content of 13.4 pereent n the surface wheat of simitar bins
grading hetter than Sample. Total damage in the Sample grade
wheal averaged 12.6 pereent as compared to an average of 3.6 percent
in surface wheat grading better than Sample.  Fat acudity of the
Sample grade whent averaged 38 units, as compared to an average
of 31 units.  Germination of the Sample grade wheat averaged 30
pereent as compared Lo an average of 47 pereest i the surface wheat
above Sample grade,

The 18 bins with surface wheat grading Sample and 2 others were
empticd at the end of 34 vears of storage.  Whent below the surface
in all these bins was still in good condition.  The Sample grade wheat,
represoniing loss than 2 pereent of the wheat in the bing was focated
in a dish-shaped area directly below the surface at the bin center. 1
seldom extended to the Din walls and was usually Joss than 2% feey
thick at the center. This Sample grade wheat, however, seldom
eaused o monetary loss. It was mixed with the good wheat when the
bin was emplied and did aot materially affeet the grade of the entire
hin of wheat.

The 43 remaining bing of wheal weee held i storage for another year,
or for a total of 4% veers.  Wheat samples taken from the top center
of these bins before emplying graded Sample in 4 bins beecause of a
musly odor, but the top renter in 29 of (he bins stil graded the same
as when placed in storage 4% vears earlier, Ten of the bins had a
grade lower by one number ss compared to the original grade. Neo
difference was found in the storage of wheat of different percent
dockage or grades at Jnmoestown (luble 204,

? Afrer this stady wos completed, methods were developed for cooling wheat,
shelied corn, nnd other geains By slow veotilation when almosphesie temperatare
is lower (an the prain tempertore,  This method s omueh more elleetive in
preventing deteriorstion than the ase of the L-tube deseribed on p 57,
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No. 2. Ne Treatment Atter Initfal Fumigakion

Discussion of this treatment applies only to wheat stored at
Hutchinson. None of the bins of wheat at Jamestown were fumigated
for this treatment. Those bins at Jamestown originally assigned to
this treatment were included in the check bins of trestment No. 1.

Thirteen 2,740-bushel steel bins and two 1.000-bushel steel bins
were assigned to treatment No. 2. Four of the 2,740-bushel bins were
equipped with either solid or perforated metal L-tubes {table 21).

Five of these bins were emptied after 1 vear and 7 after 1% years.
Two bins were held for 3 years and 1 for 4 years. These 3 hins, like
those in treatment No. 1, contained high-guality wheat frec of insects
and with a moisture content of 11.0 percent or less when placed in
storage. ‘There was no change in the commercial grade of the grain
while in storage under this weatment that cannot be atlributed to
sampling crror (table 211, Neither the size of the bin nor the presence
of L-tubes inerensed or decreased the length of the storage period.
No continued protective effect was noticed from the initial fumigation
of carbeon disulfide,

No. 3. OH Spray on Wheat Surface

Treatment Noo 3 consisted of a light paraffin oil spraved over the
surface of the grain s a preventive measure. It was hoped (hat a
surface seal would prevent inseet infestation for a long period of time.
Eight bins of wheat at Hutehinson and 3 at Jamestown were set aside
for this treatment.  The bins 2t Hutchinson imeluded six 2,740-bushel
hing—four ventilated with L-tubes—and (wo 1,000-hushel bins. The
3 bins al Jamesiown were 2,.740-bushel bins without ventilators. Al
Hutehinson the wheal was fumignted with carbon disulfide as soon
as placed in xtorage to make I useel-free hefore the first application
of oil zpray.

The first oil spray al Hutehinson was applied during November
1641 the second and thivd during May and September of 1942+ and
the fourth and Lith applieations during June and August of 1943 1o
those bins of wheat still remaining in the treatment. Only one appli-
cation of oil was spraved on the wheat surface of the Jamestown hins,
during June.  Owing {o the relative lack of ingeets at Jamestown,
the treatment was discontinued,  The condition of (he wheal when
released was as good as when placed in storage.

According to the resulls from the Hutehinson bins, applyving o film
of 01l 1o the surface of the wheat (o prevent inseet dumage was not
suceessful, The 1L000-bushel bins remained in storage 2 years, but
they were heavily infested and contained considerable inscet damage
in local arcas when emptiod. Most of the 2.740-bushel bins remained
m siorage an additionnl G anonths under this treatment before it was
necessary to Tumigate,

The failure of the oil-spray treatment at Hutehinson was largely
aflribuigble 1o the condition of the whenl when placed in storage.
This wheal, thpugh of geod quality, had been previously stored in
terminal eclevators nnd waos infested with insects when placed in
starage.  Although it was Iumigated before the application of the
oil, it is probable thnt the fumigation had not accomplished a1 100
percent kil Only one hin was inscet-free when placed in storage,
and this bin remained in storage 314 yvears withont dangerous inseet
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infestation, but this record of storage was no hetter than similar wheat
stored in check bins without any type of treatment.,

When the hins at Hutehinson were emptied, the commercial grade
of the wheat was the same as when placed in storage.

Nu. 4. Periodic Fumigation

Treatment No. 4 was designed Lo prevent insect infestations in the
stored wheat. The two fumigations i August and October at Futlch-
inson were inltended to kill the inseets in midsummer and again during
late fall to clean the bins for the following winter, spring, and ecarly
summer. At first the two fumigations were set for June and Septem-
ber, but observations of insect flights showed that a fumigation in late
summer {August) and in early fall (Oclober) were better to held the
mfestation to & minimum. Owing to the paucity of insects al James-
town, the wheat was not fumigated in August for the purpose ol
controlling inseets but rather to study the effects of a fumigant
containing methyl bromide on the viability of {he wheat.

At Hutehinson this treatment ineluded 9 hins—seven 2,740-hushel
bins and (wo 1,000-bushel bins, TFour of the 2,740-bushel bins were
equipped with L-tubes. The bins were filled during June 1941 with
wheat of 11.1- to 11.9-percent moisture,  Some of this wheat remained
m storage for 5 years and none jess than 3 vears.

This treatment of two regular annual fumigations during August
and October kept the wheal free of inscets in all excopt one 2,740-
hushel bin with L-tube. Raimwater leakage through the roof and
wall on the south side in this bin caused an area of spoiled wheat that
hecame infested with msects.  They survived the fumigations in (his
wetted grain. At the end of 3 years’ storage, rainwater leakage, in-

sect damage, and heating in this bin caused 158 bushels ol spoiled or

parily damaged wheat.  The final average probe sample of wheat
{rom this bin was Sample grade hecause of objectionable odor. How-
ever, except for the spoiT{'d portion that apparently Imparted (he
objectionable odor in the final sample, the wheat in (he hin was still
mn good candition,

Wheal in one other bin stored under this treatment graded Sample,
owing to a bad odor at the end of 4 vears of storage,  This wheal was
in one of the two 1-000-hushel bins included in this series.  The sour
ocor of (he final sample was caused by 30 bushels of spoiled wheat
found on the bhin floor where water had leaked through the wall and
floor-wall joints. BExcepl for this spoiled nrea, the rest of the wheat
in the bin was in good condition,  Tnsects did not cause anyv appreci-
able danage in this spoiled area.

Wheal in 2 other hins—one 1,000-bushel bin and one 2,740-bushel
bim—dropped Trom grade 2 HIW o 3 HW after 5 years of storage
(table 22).  Noliceable changes occurved in the germination of the
wheat while stored under this treatment.  The number of fumigations
and the kind of fumigants used are given as the reasons for the low
final germinadion pereendages.

Periodic fumigation was found to be an eflective method for pro-
teeting wheat agninst inscet damage under elimatic conditions such
as al Hutchinson.  Under this treatment wheal remained in storage
for a long peried with the minimum of inscet damage.  Damage thal
occurred was mostly lrom water leakage.  Bxeepi for the 2,740-bushel
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bin that contsined spoilage and insects, none of the bins in this
treatment showed any signs of heating.

No. 5. Turning in Cold Weather

Treatmeut No. & was included in the tests, because turning grain
at regular miervals is a practice followed quite generally by country
and terminal elevafors to maintain the good condilion of grain.
Under farm storage conditions, benefits might be derived if the wheat
were turned during cold weather for the purpose of breaking up
high-moisture areas in the bin, lowering the temperatures at the center
of the bin, and breaking up any colouies of inscets present.  In addi-
tion, turning presents an opportunity to remove any spoiled portions
that might Lave doveloped during the storage period and to repair any
leaks in the bins.

To determine the merits of turning wheat during cold weather in
farm-type storage, 10 bins of wheat at Hutchiuson and 8 at James-
town were assigned to this treatment. At Hutchinson seven 2,740-
bushel bins, two 1,000-bushel bins, and one 4,100-bushel bin were
used. Two of the 2,740-bushel hins contained a solid L-tube and two
a perforated L-tube. At Jamestown six 2,740-bushel and two 1,000-
bushel bins were used. These did not coniain L-tubes.

These bins were filled during June and July 1941 with 1940 wheat
that bad been stored in termunal elevators. Because of the weevily
condition of the Hutchinson wheat, it was fumigated immediately
to have 1§ inseet-free at {he beginning of the tesls. The initial and
final bin average wheat grade, fal acidity, and germination for each
bin stored under this treatment are given in table 23,

Turning wheat in cold weather cousisted merely of transferring
the wheat from one bin to another (ig. 9), by means of o farm elevator
equpped with an auwger attachment for moving the grain from the
center and {ar side of a bin to the elevator hopper.

Ficore $.—Transferring grain from bin to bin.




Tanrne 22.~~Average initial and final grade, fat acidity, and germitiation and-length of storage for hins of wheat treated by “‘semionnual fumigation”
at Hutchinson
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_ TanLe 28.—Initial and final grade, fal acidity, and germination and lenglh of storage of wheat stored in the “turning in cold weather” treatment

al-Hutchinson and Jamestown; turned in Janvary 1942
AT HUTCHINSON
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The time required for 2 men o complete the turning of a bin of
wheat depended upon the size of the bin and the ease in setting up
and taking down the equipment. Ordinarily, 1,000-bushel bins were
twoed in 4 hours. A 2,740-bushel bin required aboul 7 hours and a
4.100-bushel bin about 10% hours. In these Llests the wheat was
moved at the average rate of 470 bushels per hour.  Tests with small
pieces of wood indicated that the wheal was in the olevalor approxi-
mately 14 seconds.

The original purposes of turning were accomplished, but (heir
bouefits to longtime storage of low-moisture content wheat are of
questionable value.

Turning the wheat did lower the wheat temperatures in the center
of the bin (table 24). The eenter temperafwre m the 4,100-bushel
hin was lowered 172 F., in the 2,740-bushel bins without L-lubes
10° to 222 and in the 1,000-bushel bins 7° to 15°  The cffecl of
turning on the lemperatures of wheat it the center of bius with L-tubes
was shight.  Lowering the center temperalures was the resull of mix-
ing the wheat while turning and exposing il (0 cold aw.  However,
wilhin a few months the cenler wheat lemperatures in the turned
bins were equal to the center wheal temperalures in the unturned
bins (Hg. 10).

The cffect of turning on the average wheal {emperalures in the bins
depended econsiderably upon the conditions under which the wheat
was turned (Lable 243, tnder the turning conditions at Hutchinson
and Jamestown the average wheat temperatures were lowered from 1°
to 10° X, in 13 bins, but wheal (emperatures rose from 1° to 10° during
{urning i 5 bins, beeavse the turning was done while the atr tempoera-
ture was Iiigher than the average wheat teniperaturs,

Turping whoeat was an effective means of breaking up the moisture
accumulation in the surfave yrain, Turnine was also effective n mix:
ing small amounts of dump wheat with the drier portion if, originally,
the bin was not flled throughout with wheat of uniferm moisture
content. This might happen if & hin were Hlled directly from the
combine,

One turning, however, did not mix the wheat untformly throughout
the bin. Complete uniform mixture way nol accorplished, as indi-
cated by differences in moisture content of the whoeat in diflerent
parts of (he grain mass (lable 24). Turning had little offect on the
average moisture coutent,  Of e 18 bing turned, the average moisture
content in only 3 was changed by 0.5 pereent or more.

Turning wheat was an effective means ol breaking up inseel colonies,
but the net result was detrimental beeavse the infestation wes seat-
toredd  throughout the grain. This became evident alter the first
tarning al Hutehinson,  For that reason, the two 1,000-bushel bins
without L-tubes and the Tour 2.740-bushel bins with L-tubes were
dropped from this (reatment alter the first turning and were assigned
to other treatments.  The three 2,740-bushel and (he one 4,1 00-bushel
bins without L-tubes af WHutehinsen and all the bins at Tamestown were
turned again the following year. Wheat femperatures and moistures
in bins before and alter the second turning were sitmilar to those already
reported Tor ihe first turning.  The insecl populations in the 2,740-
bushel bing at Hutchinson were about equal 1o those in e¢heelk bins
receiving ne freafoent.
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Insect infestation m the 4,100-bushel bin at Hulchinson, however,
was somewhat more severe.  An nverage insecl sample fram this hin
in October, 9 months after the first turning, contained 1 weevil and
5 bran hectles per 1,000 grams. By January the number of bran
beetles had inercased te 10. The average wheat (emperature at this
tinte was about 3° F. higher than normal. The maximum temperature
on the soulh side was 853° or about 212 above normal, One month
later, immedintely before turning, the average wheal temperature was
109 above normal and the maximum on the south side was 96°, or 42°
above normal. The average grade and moisture conlent of the wheut
wias Lhe same as the vear hefore.  Probing for samples before the
second turning was difficult, indicating that some caking had oceurred.
The seeond turning of this bin of wheat was done on Februaey 5, 1043,
and the outlcome revealed the detrbrental effeet of turning grain that
is heating because of heavy inseet infostation.  _Approximately 800
bushiels of grain were slightly caled in this bin,  The condition of the
wheat before and alter turning is given in table 25,

The deterioration ol the wheat stored in the 4.100-bushel hin after
turning s additional evidence that tarning wheat from one bin Lo
another ai a rather rapid rate o cold wenther is not a satisfuclory
praciies,

No. 6. Fumigating When Necessary

It s a contmon practice (o proteel stored whea( against insect
daimage by Tomigation whenever considerable numbers of insects are
found in (he wheat. Henee, “fumigaiing when noeessary”  was
includerl in the management studies at Huelehinson and Jamestown.
In this treatment, the objeetive was {o fumigale whenever dangerous
inseet populations developed, At Jamestown the ahsenee of infes(a-
tion made it vnneeessaey to apply the (reatment.

At Hutehinson 24 bins of wheat were ineluded in tis treatment.
Two ol the bins had a capacity of 5000 bashels eacliz 17 had 2 eapac-
My of 2,740 bushels each: and 5 had a caparity of 1,000 bushels each,
One of the 53.000-hushe] bins and (wo of the 2,740-bushel hins were
equipped  with solid metal L-tubes: two 2. 740-hushel bins were
cquippertt with perforated metal L-tubes,  Five bing were painted
while.

Twenly of the bins were filled in e summer of 1941 four in Jann-
ary 1043, Most bins were filled with good qualits wheat grading
No. 2 IIW and No. 3 BW. Three bins were filled with low Lest-
weight whent geading Noo 3 W and 3 others with wheat containing
n o high pereentage 4.2 of dockage.  Some of the wheat graded
weevily when plaesd in storage (table 26).

Of the 24 hins of wheat assigned for stormge under this teatment 3
were transferred at the end ol 1% vears {o treatment No. ¢ Tor ferther
study,
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Tawue 25.— Changes in condition of wheal in the 4,100-bushel bin before and after turning at Hwlckinson, February 0, 1948
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The remaining 19 bins were emptied after 2% to 5 vears of storage.
The wheat in 9 bins showed changes in the final sverage grades; the
wheat m 3 bins changed to Sample grade, because of musty or sour
odors. Presumably these odors came from the portions of water-
spoiled and Insect-damaged wheat found in the bins when emptied,
since the bulk of the wheat was still in good condition after 4% to 5
vearsofslorage. Sixfilled wilh wheat of bordetline grade were changed
inn the pumerical grade by one number--either up or down. How-
ever, the changes are easily attributed (o probe sampling error. No
great significance is attached to them.

Insect-damaged wheat was found in 11 of the 19 bins when cmptied,
Faiture to prevent effectively Insect damage in these 11 bins was
caused by (1) the original 12.1-percent mosture content wheat in 2
hins; (2) rainwaler leakage in 4 bins: (3) insufficient number of fumj-
gations in 2 hins: and (4) improper timing of fumigation of 3 bins.

The 12.1-percent moisture content of wheat jn bins 6-12 and 5-10
(table 26) was 0.8-percent higher than the average moisture of the
wheat in the other bins.  Insects thrived in this higher-than-average
moisture content wheat.  Failure Lo control effectively inseris in these
bins was owing o the combination of insecl activily and moisture
acewmulation which formed areas of caked and roticd wheat within
the bins that could not be penetrated by the fumigating gases.

Failure to prevent insect damage in bins 11-3, 11-5, 3-13, and 1-2
(table 26) was the result of spoilage caused by rainwater leakage
through the walls and roofs of the bins.  Insccls became cinbedded
in and under the spoiled areas and were safe from the lethal effects
of the Tumigants.

Failure to prevent inseet danage in 5 of the 11 bins jn this treat-
ment, however, was not caused by cither the moisture content of the
wheat or by water lealage in the hins, but rather by the design of the
treatment itsell. Bince this treatment was designed for the purpose
of controlling a serious infestation rather than preventing one, fumi-
galions were applied only when it was deemed necessary, as deter-
mined from insect counts on probe samplings.  As it was difficuit to
establish the lovel of infestation from probe samples. fumigations
were delayed oo long in some cases.  As i result much insect damage
usuatly occurred in the wheat before the application of the fTumigants.

An insufficient number of fumigant applications to the wheat in
hins 4-12 und 1- 3 enabled inseets to do considerable damage. These
bins of wheat were In storage 5 years.  Lach received 5 fumigations,
The nsects eventually became firmly established in o crusted area
of wheat below the surface on the south side in each of these bins.

Improper timing of the Tumigations in bins 04, 104, and 114
also enabled insects to do considerable damage, Wheat in these
bing was in storage Irom 2% to 4¥ vears.  The bins were fumigated
at the avernge rate of twiee o year, bhut, the fumigants were anplicd
mostly during the months of November, December, and January,
following the period of heavy insect infestation that oceurs during the
increased Inte summer snd early fall,

An avernge of 1.5 fundgabions per year of storage was given the
when{, compared (o the 2 fumigations per voar under treatment
No. 4. Any savings gained from [fewer Tumigations were fost by
mereased hsect damage,
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At Jamestown, however, only Infrequent fumigations are required
for insect control. In such climates & management practice of fumi-
gating when necessary would appear to be pructical and advisable.

Storage in white puainted bins.—Bins painted white required fewer
fumigations to protect wheat against insect damage, presumably
because of lower grain temperatures.  Two of the 5 steel bins painted
white and used for storing wheat under the treatment of 4 umigating
wlen necessary” at Hutchinson were 2,740-bushel bins and 3 were
1,000-bushiel bins. None had L-tubes.  These bins were filled with
wheat comparable to that in the other bins in this treatment. The
wheat in the two 2,740-bushel bins was in storage 3% vears. In one
of these bins wheat was not fumigated during this period; in the other
it was fumigated once.  No heating or inscct trouble occurred in the
wheat in these bins. For a similar period of storage, from 3 to 7
fumigations were given the wheat stored in unpainted bins in this
series.

In one 1,000-bushel bin painted white, the wheal was stored for
5 years without any fumigation and when emptied, onlv 4 bushels
of water-spoiled and insect-damoged wheat were found.

Storage of high-dvckuge wheat.-- Much dockage in wheat makes
Insect control by fumigation difficuit and expensive.  Three bins were
filled with wheat having a high percentage of dockage (4.2 pereent).
It was in storage 24 veurs before 1t was sold.  Insects woere kept under
control, but the presence of so much dockage made fumigation dificuit
as well as cxpensive. owing to the greatly increased dosages required.
The dockage absorbs large quantilies of the fumigant and prevents
its proper distribution through the wheat.

Storage of low-grade wheat.~ The grade of wheat as designated by
test weight was not an influencing factor. Three bius in this treat-
ment were filled with a low-fest-veeight wheat grading No. 4. No
unvsual difficnltios were experienced in storing (his wheat as com-
paredd to wheats of higher grades.

To summarize, the practice of “fumigating when necessary” was
not so cffective in controlling insccts n the whent at Hutchinson as
was fumigating regulurly during August and October, as in treatment
No. 4. However, this treatment was satisfactory in the white
painted bius.

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

Ten bins of wheat at Hulchinson only were used for the expori-
ments i which the turning and cleaning of grain, with and without
subsequent fumigation, were tested as to effectiveness and practica-
bility for the control of insect infestation and for prolonging the safe
storage period.  The objective of these treatments was to rid the
wheat of Toreign malerinl, dockage, and insects by running it over a
low-cost gravity-type sereen (figs. 11, 312, and 13) at a rather rapid
rate whenever the insect population was considered dangerous to
safe storage. Five hins were to be treated for inseet infestation by
mercly turning and cleaning the wheat, and five by turming and
cleaning followed by fumigation. Rach group of five bins included
three 2,740-bushel bins and two 1,000-bushel bins; none had L-tubes.
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Fraene 120 Whont cleaning sereen.
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The bins were filled with wheat in June 1941 and fumigated with
3 gallons of cerbon disulfide per 1,000 bushels of grain directly after

mg to have all the wheat insect-free at the beginning of the test.
Eight of the bins contained No. 2 and two No. 3 wheat with the
mosture contents ranging from 11.0 to 11.6 percent. There were no
exceptional differences in the grade factors, fat acidities, or viabilities
in any of the bins of wheat.

All the wheat in these treatments was turned and cleaned one or
more times during the storage period of 2 to 4 years (table 27).

In the cleaning operations from 36 to 96 percent of the free-living
insects were removed from wheat that was cleaned at a rate of ap-
proximately 500 bushels an hour. In 18 trials of cleaning wheat that
graded “weevily,” the screen was successful in reducing the insect
population sufficiently in 11 trials to eliminate the word “weevily”
from the grade.

A larger percentage of the free-living insects (bran beetles) was
removed by sereening than of the internal feeders (weevils). None
of the immature stages of the weevils can be removed by mechanical
means, since they feed within the wheat kernel, and the adult weevils
arc much more difficult to remove with a gravity sereen than are bran
bectles. For this reason, turning and screening frequently results in a
redistribution of the insect population and, if dene when the grain is
warm, may cause a general increase in infestation throughout the bin,

The screen was alse successful in removing fine dockage. In the
first cleaning operation it removed approximately 60 percent of the
Lletal dockage in the wheal.

Tanue 27.—Amount of dockage and percentage of insecls removed from bins of
wheat Lurned aned eleaned (screcned) of Aulehinson
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Within & month or two alter sereening, the wheat in (he F bins in
the turning and cleaning treatmenl was infestee with an insect popula-
tion teo high for safe storage, while the 5 hins that were treated by
turning and cleaning and fumigating were still free of insects.

For turning and eleaning to be effective in controlling insects in
stoved whent for & long peried of time, it would require several cloan-
ings each vear, especially in climatic areas favorable {o insect develop-
waent.  Such practice would be prohibilive in cost,

When twning and eleaning is followed by [umigating, the nscet
population can be nearly climinaled., and it is an effective means of
prolection against insecets over a long storage period.  However, it is
no more efleetive thay fumigation alone unless the wheal is “divty”
or caked.  The five bing assigned to the treatment ol turning, clean-
ing, and fumigating had to be treated reguiarly each venr to prevent
the buotldup of inseet infestation.

Hn. 9. Regular Arnyal Femigation in October

Alter 11 years of observations on inseet infestation i bins of wheat
al Hutelinson, it was thought that wheat could be stored in that area
without serious inseet damage if the bins woere fumigated onee a vear
during the month of October. Sinee Octolier is about the time of the
vear when inseet populations reach their highest levels, it was expected
that an adeguate fumigation at this time would kill the insects in
the bins and that the subsequent cool and cold weather would keep
the bins free of inseets untt the next summer,

This practiee of inseet control by a regular annual Mumigation. in
Getober was (ried o 14 bins (table 281, These bins had been handled
previously under otier treatments and the wheat had been in them
at least 1y vears bhefore the reeular annoal femigntion in October was
begwn,  Thex hiad abready been Tumigated at lenst onee, ane the wheat
etther lad been o was weevily by the time the treatnent was star{ed
i Ganary 1943, Pherefore, the test was not the same as i uwin-
fested wheat had Deen used, and rather erratic vesults were obiained.

AMost hins vemained under this (reatment for 14 years, 4 for as
fong ag 2% vears. During this period the insecl Infestations were no
grenter than in =imilar bing under treatment “fumigating when
neeessary.”  However, as shown in (able 28, the “one-annual-fumi-
gution” practice was not rigorousty adhered to. Xuany ol these bins
received s many fumigations during their period of storage as some
of those o the “Tumigating-when-necessary™  treatment.  Those
hins of wheat in sforage for 1 yvears should have received only |
fumigation and those in storage for 21 vears should have recoived 2,

TEMPERATURE STUDIES

Tempernivre of the lowanoisture wheat siored in the bing at
Totehingon and Jumestown was taken periodically in order to study
the influence on wheat temperatures of different elimates, of differ-
enl bin sizos, of L-tubes, of bins painted white, of bins painted white
and purtially shaded through ¢lose grouping, of tarning wheat in
cold wenther, and of inseels,




Tanue 28— Average initial and final gradey fat acidity, and germination for bins of wheal {realed 1with “regular annual fumigation in Oclober”
al Hutehinson
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L-tubes were 18-inch tubing made of ecither solid or perforabed
metal running down the center of the wheat to the floor and zeross
the floor to an opening in the emptying door. The opening at the
tap of the tube was only a few inches above the surface of the wheab.

The purpose of these tubes was to cool the eonler of the whea( mass
acl thus lower the average wheat temperature considerably ™
especially during the winter.

Theve were two reasons for painting bins white: While paint
reflects a higher proportion of (he solar radiation than a galvanized
metal surlaee and it also hasYa higherfeniissivity for long-wave radi-
ation than a meta! surfece and cools more rapidly during the night
ar other tune when net exposed to sunshinoe.

Wheat temperafures were taken by means of a portable potenti-
ometer and thermocouples. The bins withoul L-tubes contained 20
thermoeouples and the bins withYL-tubesYeontained 32. In general,
the thermocouples werelurranged in the steel bins Lo obtain a nerth-
aued-south and an cast-and-west eross section of the wheat temper-
atures.  Ordinanly this arrangement consisted of placing thermo-
couples on lloer, at regular intervals above the floor wt the center of
the bin, and at distanees of 2 to 4 feel, depending upon the size ol
the bin, from the north, soutl, casl, and west walls,  The interval
spaces nbove the foor ranged from 2% (o 5 feet, also depending upon
the stze o the bin.  This general arrengement of thermocouples
was modified in cases where speeial femperalure readings wore
desired,

As originally planned, wheat temperatures were to he faken at
regular Z-week intervals ai Hutehinson and monthiy al Jamestown,
This plan was adhered to fairly woll during 1942, thie first year of
storage.  Later, however, the amount of work and shortage of labor
during the war made it necessary to abandon the originad plan and Lo
inke temperafure readings less often.

I the analyvsis (o follow, a reference to bin average refers (o the
arithmetical gverage of all the temperature readings in a bhin.  The
maximum temperature refers to the highest individual reading in the
Din and the minimum temperatuere (o the lowest reading,

SOURCE OF HEAT

The temperature of wheat stored in common larm-storage sirue-
tures is influenced by (wo sources of heat external and internal,
The external source is the heat of the atmosphere and solar radiation
ol the region where the bin iz located.  The internal source is the
heat developed from respiration of (he wheat, insect aelivity, mold
growih, or other hiologieal setivity, 1T the wheat Las u moisture
rontent below 12 pereent when stared in Kansas and below 14 poreent
in Norb Dakola, little internal heat is develeped from respiration
und meld growth, snd the only serious internal source of heatl is thal
produced by inscel activity.  Heat produced from inseel aelivity,
howoever, is usually loealized and seldom affeets the entive lhin of wheat
unless stored for v long period or disturbed and mechanieally mixed.

AN er this stwdy wae completed, meihods were developed Tor cooling wiieat,
shelled corn, and other grains by =low ventilation when atmospherie temperaiuree
i= lower than the wrain temperaturee. This method = muelt more offeetive in
preventing deferiornlion than the ese of the L-tutwe deseribed here,
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Wheat is a poor conductor of Lieat and consequently there is & wide
range of temperatures within 2 bin and a definite lag between the
average wheat temperature and average air temperature (figs. 14
and 15}, Wheat temperature varialions within bins are itlustrated
in figures 16, 17, and 18 by = scrics of isothermal curves. Onlyv the
north and south cross-section tempersture patterns are given for the
2,740-bushel bins,
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JAN. 2,1942  BIN AVERAGE 44.7°F MAR.20,1942 BIN AVERAGE 445°F

==

JUNE 23,1992 BIN AVERAGE TI7°F SEPT. I0,1342 BIN AVERAGE B8I2°F

JAN. 2,19492 BIN AVERAGE 4497°F  MAR.20,1942 BIN AVERAGE 445°F

VaN )

JUNE 23,1942 BIN AVERAGE TI7*F SEPT.I0,1942 BiIN AVERAGE 81.2° F

Fravers 16.--Wheat {emperntures in L0OOO-bustiel steel hins at
Hutehinson, 1942,
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SOUTH

NORTH

JAN.Z, 1942  BIN AVERAGE 53.2° MAR. 28,1942 BIN AVERAGE 48.1° F
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BUG, 1, 1942 BIN AVERAGE T73"F. OCT. 1T, 1942 DN AVERLGE TUO9°F

Figrne 17.—Wheal temperatures in 2,740-bushel steel bing at
Hutchinson, 1842,
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AUG.IE, 1942  BIN AVERAGE T64°F SEPT.28, 1942 BIN BVERAGE 73.8°F

Yisrre 18.—Wheat temperatures in 2,740-bushel steel bins with solid metal
i -tuhes abt Hutchinson, 1842,
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ANALYSIS OF WHEAT TEMPERATURE VARIATION

The temperature of grain in & bin varies in different parts of the bin
and at different periods during the year (figs. 14 1o 18). These
differences have an imporiant relation (o the condition of the grain
in different parts of the bin because (1) abnormal (emperatures are
an indication of nsecl activity and of mold growth; (2) insect aetivity,
mold growth, increase in fat acidity. decrease in gertnination, respira-
tion rate, and other ehanges are each stimulated by higher (cimpera-
tures up to a cerlain point: and (3) the movement of moisture from
place to place within a bin of grain is largely the resull of conveetion
currents that are governed as (o force and direetion by temperature
thifferences.

It was common practice to obtain frequent femperature readings
ol 20 [ixed points in bing used for research studies at dHutehinson.
This large number of readings malkes an analysis of areas of tempera-
ture similarity possible.

A slatistieal study of temperature differences in 3 typical 2,740-
bushel bins of wheal at Hutehinson was made, using 10 different
readings taken during the year 1942 at cach of (he 20 locations in the
bins.  The unalysis of varianee method was used and the varianees of
Lin, dute, and thermocouple means Tor locations were olated and
tested Jor significant dillerences.  Significant differences were found
Botween bing, betweoen dates, and between thermocouple loeations as
n whole, but individual thermocoupies were Tound amd grouped.
including 2 1o 5 loeations, which had mean annual temperatures (hat
did not differ significantly. 10U was possible to place the original
thermocouples mnto § such groups, each representing an area in the
bin with a different average anousl tempernture.  Mareover, hy

selecting 1 location from each group, the aversge bin temperature at
any fime could be determined by readings al 6 points instead of 20,
The areas represented by the groups ure shown in fictire 19, The

SECTION A-A SECTION E-B
Fiovre 19.—Areas of equal averapge wheal {emperature within bios,
Hutchinson, 1042,
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numbers 1 to 20 represent the loeations of the 20 thermocouple junc-
tions and these encireled are the junetions whiell can be read 1o give
the temperature for a specifie area. The hoxed numbers are sverage
annual temperatures during 1942,

In experimental work, measurements of temperaiures at the §
indieated polnts give substantially as good records of average tompera-
Lures as nieasaremoents at all 20 points,

EFFECT OF 8N SIZE

Wheat temperatnmres bhetween snmll and laree bins vary, bt the
difference i= relatively small and has no paeticular advantage for main-
tamning the quality of stored wheat.  The average wheat tempersinres
in 1.6000-bushiel bis at Hutehinson were 57 o 7 F. highee during the
eritienl inseet peviod of Jolyv, August, and September than those in
2.740-buzhel and 5.000-bushel bins g, 140 Average wheal tem-
peratures in the 2.740-bushel and 3.006-bushel hins for this period
were almost identical.  About the same difference occurred between
the wheat wmperatures in the 1.000-hushel and 2,730-busbel bine u
Jamestown w150 a< atl Hutehinson.

The slightly lowpr wheat temperatires in large bins favor lareer
=torage units when the object s to keep the hulk of the vrain as cool
ax possible during the warmest perimd of the <eason.  However, the
disadvantage of lavger bins is the higher wheat temperature main-
tained during the eoldest ~euson of the veur when low temperatares
are desiced for Kithing In<eets. Wheat in the smaller 1806-<nmshel bins
Lad an average temperature 2 1o 5 F lower during the winter montis
than the 2.740-bu-hel bins at Hotebinson and a< mueh o< 145 fower at
damestown cfigs, 4 oand 130 At Hutebinson the average winter
wheat tempermure inothe 2 7440-bnshel Bins was 3 (o 107 fower than
in the o000-hashiel hins,

Al the Bins of wheat ~tored at Hatehinson and the 1 0bnslel
bine at damestown had <ommer average wheat temperaties above
T ddupeine 1082 fies TEoand 15 0 A THhatebinson avemoe whewt
teniperttares were as hiwd as 7S qo che Joroer 27002 and 5a00-Iadiol
i und o~ ligh o~ 20 thee Looisbushel bin-. Averpee whest
tetinpers e i the Deui-bashed bins ot dame-town renched 72, g
~taved above 700 Jees than o omonth.

Avernee whest temnpepainres o the Lot0-ba<bed bin< wt Hutebigson
reacherd 700 F by the mnddbe of June, Duliy 1 moath engdiee than the
aversoe wheat teinperntares i the horeer 2,750 and 3.000-bushel
bine il didd not cool helow 70 carlier in the full. Conseguently,
the myversze wheat tempesature in the 1o-hushel bins was ahoyve
T L menth donger than dhe wvernge whestt tempersties i ihe
Jarger bins, Fhis wdditional nuth above 70 s ample time for
st pseels oo prodoce snether ood, and a< g oresidi, sl othor
facrars e erual, whent <tored fn 1 00mbwsdie] bine s tatinlly
more Leavils infested with weects by Iate Tall and earls winter than
wlieat stoped du buger units. This tendenes 1o havee honvior inseer
infestations i the tootboshiel hins offset< the binesize advantaee
for maintaining lower winter temperatiares,

Loeal spots o the hins, however, have temperatures high enouel)
Lo eneoipage diseet Blel vapeeindhy o the fareer size bins,  This is
the result of the lirae varintion i wheat tempeeatares within the

U3IRaT 4%
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bins, The differences beiween the maximum and minimum whea
temperafures in o 1.000-bushel bin s from 87 10 249° K, In the
2.740-bushel bins the difference s from 75 te 277 amwd i the 3,00H-
hushel bins, from 1% (o 30°,  The smaller difforence usunlly oveurs
during Muareh and Seprember when the wheat in the bin begins to
warm or 10 cool becanse of outside gir-temperature changea,  The
Targer difference wsually oecnrs during Doecember and Januvarsy and
July and Angust. Maximum wheat temperature in a bin nay he
from 37 to 157 above the avernze wheal tempeiature,

The average maximum  wheat temperatures ocenrrine in the
La00-, 2.540-) and S.00t-bashiel bins ot Huotehinzan during 1942 were
observed in the eenter of the wheatl ndk about twoe-third< of the
distanee from the Hoor through the winter months. The lowest
maximun temperature ob=erved o the Li-hushel bins was 457 Fo;
the maximum temperatige was below 337 Tor 3 wonths,  The
lowest maximom temperatuee reenrded for the 2. 740-bushel bing was
51 the maxumum temperature was below 60 for 2 nponth-.  In
the 5.000-Dushel hins, the maxism wheat lomperature was ever
lews than 607, but it was helow 63 for 2 monih«.

I whieal with S-pereent moistupe content these lemperlores ape
not candaelve to jnseet fife. When the moisture conten! is betwern
e and 11 pereeint, some of the more hards inseet species enn survive
in the maximum temperiure areas found 0 the 5.000-bushel bin-.
When the wheat moisiure eontent i between 11 oand 12 pereent,
altpost all types of insect< can <uevive in the maximu femperatiee
area in ke S000-hashel bins and a velatively laree pereentage can
supvive i the 278Hbushel b, o wheat with moisture content
above 12 pereenl. many insecis san <oprvive in the 1.000-hushel bins.
Prowever of there i~ a heavy infestation, many of the inseets can live
theoueh the winter in these 1.000-bushel and laveer bins oven o
lower moizinre content wheat,  Teis not vrusual Tor insecels 1o ron-
centtrate o local areas aned raise the temperstire by as mueh as
33 1o oabove the Towest average wheat temperatire and survive the
winter,

EFFECT OF L-TUBES -~

Twelve 2.740-bushel bins av Hutehinsgon and 200 ar Jantestown
woere equipped witly Lotabes, One-half of (he bins hoad  L-onbes
vonstrueted of perforated metal pipe and the rost of <olid mietal pipe
Noe p. 5T

The bins with tabes pmintained an aseraze whest lemperaiare
during the wister oply <hettdyv Jover than (hat in the bins witham
tube<. The Liroest ditfevence recorded betwern the avernze wheat
temperatires e bins with and withont jubes was {19t Huatelinson,
i T at Jomestown, This dilferenes i« fess thon the differenee
between aviernge wheat temsperiinres observed i 2. 730-bushel and
tont-bu<hel Tans with oo ftobes. A Hutehinson Loto-bashed D~
with no tubes reeorded average wheat temperatures s mueh as S
fower than 2740-bushel bins with no tubes. A1 Jdamestown the
diffirenee was 14

During the sumnter aversge wheat tomperatitres in the bins with
tubes raneed frnn 2 F lower to 27 higher than i the bins withost

U e faoapnts B oar




WHEAT STORAGH RESEARCH 65

fubes at Hutehinzon, but they were almost Identieal at Jamestown,
During the fall, only a slight difference was noted between average
wheat temperatures in bins with and without (ubes.

Aaxitnm wheat temperatures in the bins with tubes were as much
as 102 1. lower during Jannary than these in the bins withoul (ubes.
This vesnlted from the lowering of the center wheat temperature
arcuud the tubes. On the other hand, nininun wheat temperatures
In bins with tubes were as muoelt as 87 higher during Augus{ than those
in the plain bins.  This was eaused by (he additional heating of the
whent from the center of the bin through the tubes, which offzet 1he
rooling effeet the tubes had on the renter wheat temperatinee during
the winter monihs,

At Hutehinson those bins equipped witle perforated metal L-fribes
Iowered the eenter wheat temperatures faster and by .l;me\Jm 1ely
12 F. wore than those equipped with sofid metal L-tubes. At James-
town bl types of L-tabes lowered the center temperatures a1 aboat
the <ime rate, but the perforated L-tubes lowered them aboat 13
more. Typieal wheat wemperature patterns for winter. spiine,
suminer, and full in 2, 710-bushel bins witls Latubes are shown by the
isathermal vhart< in fleure 15,

Though the effeer of L-tthbes un whear temperature was not Tar-
reaching, some benelit was prestnably dorived Trom the rapid rooling
of the wheat in the venter of the bin, s <hown under the diseossion
of treatment Noo 1 an the management =tndies at Jamestown (. 33,
many bins t-mllninml spoilage 10 the upper 20 inelies of weain after
Ghovesrs ol storge,  However, none ol the 2,.730-bashel hins og sipped
with pecforated C-tubes or the ono-bushel bins contained  <ach
spoilage. Presumably e rapid vooling of the conter wheat in these
hins rethiced the jnei=ture accumulation at the surface of the wheat
dlezeriboed on page 14,

EFFECT OF WHITE PAINT AHD OF PARTIAL SHADING

Inchrded in the studies a2t Hutebinson were tests of moethods o
Lkeep the tempeenturee of the erain as low as possible durine the
sununer. Painting the bin walls and rool white (o reffect the <nn's
Jreat was one such method stodied ac Hacehinson,

[ the Ball of 1948 one 1on-hoshiel steel bin s as puioted white (u
nhzerve the effect of tus practice on wheat lc-mp(- ratures. .\ con-
stderable redietion i temperaturee swas effveted, and early I 10103 the
tudies were extended. Two additionad F000-bushel bins and <even
2. 740-hushiel bivw were puinted white,  Foinr of (he seven Targer hins
were i ped elosely treether o shade the walls peetially. The re-
silis confirmed those of the vear before swheat temperatures wore
leswer fin paited than e appainted salvanized bins,

Puintted hip~ maintained 2 lower averaee amd lower pxiniom w heat
temperatare  throwghont the season efig, 2000 The 1.000-bishel
piinted bins il wheat temperatores that averaged 72 7 Jowor than
tho=e in unpaioted 1ooo-huzhel Dins during Agust and Septembee
when whenl temperatnees e the hihest, Pointed  2.710-hashel
lrins liad sheat (emperatures that averared about 5 Tower than those
i pnpainged Bins,  Abhout the <ame Lifferenee was observed for the
sraximum wheat temperatures in the painted sind wnpaioted bins
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Partal shading the bin walls had litle ar no effect on the average and
maximum wheat temperninres. Wheat temperatures in the pariinliy
shaded 2,740-hushel painted bins were aboul the same as the (em-
peratures in the other unshaded 2.740-bushel painted bins.

Wheal temperatures in white painted hins were still high enough o
support inseet life and development, hut the lower tesiperatures
maintained in these bins helped (o conirol inseet infestations. The
number of davs that the wheat was nbove 702 Foin the white bins
was considerably Tess than in the unpainted hins (table 263,
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FanLe 20— Number of days wheat lemperatures in steel hins and oulside air tem-
peratures were above TO° F. al Hutchinson, 1943 and 19244

Days when terperatures of wheat were ahove 70° F, in—

B size and description 1043t 1082

- Maximum  Mindmum  Avermge? Madmum  Mimmom Averapge ?

2,7 #-bushet:
Unpalnted . pU 196
Painted whlie. - ] Iy i

ceeae e i 43

0
Copainked ... .._._._....... - 152 9
Painted white. _ . T I ]

t :\.t;nmphe:ic temperniie was above 30° F, for 156 duyst i averaged 702 or ahovs dunny 24hoor period
for 83 days,

* Atmospheric femperatare aversged TH° or sbove Joring 24-8our periv] fur 105 ifuys.

3 Bazed on ali theemoconples.

+ Estimated.

The number of days when the maximum wlheat temperatures weore
above 70° F. in rach group of hins indicates the period when insects
could propagate in some part of grain of 1i-percent moisture content.
In the 2.740-bushel bins during 1943, the number of davs that the
maximum wheat temperatures were ahove 70° was reduced 75
days by painting the bins white; in 1944, by 29 davs. In the 1.000-
bushel bins the number of days that the maximum temperatures were
above 70° was reduced 30 davs by painting in 1943, and 24 days in
1944 For some species of insects, the additional davs that the max-
imum temperature is ahove 70° in the unpainted bing is ample rime to
produce and develop an additional brood.

It 1s questionable whether any reduction in the number of davs that
the maximum temperature was above 70° F. can be atteibuted to the
partial shading of the bin walls. Any reduetion rconld easily be
attributed to sources other than that offected by parijal shading of
the bin walls, such as o few (emperature readings taken while
whest temperatures were increasing in the spring and deereasing in
the fall, or the fact that a concentration of inseets may have increased
the temperature in a small portion of the grain.  Any of these faclors
may affect the maximam temperatures recorded for a bin of grain,
Maximum temperatures during the summer are usualiv found near
the grain surface and are easidy influenced and somewhat ercatic.
Sinee summer maximum grain {emperatures are nsuaily the direct
result of the sun's heat on the roof. no differvace could be expocted
in the number of days that the maximum temperalnres would remain
above 70° F. between unshaded white and the partially shaded white
hins, becanse none of the roofs of these bins were shaded.

When the mintmum temperature in a bin of wheal is above 70° F.
it ixicates the entire hulk of grain is subject (o increased ingeet
infestation. During the summer months the minimum temperature
is found at the center and the lower conter of the mass, The min-
imum temperatures in the 2,740-bushel bins were above 70° during
September in 10942, but In 1943 and 1944 these lemperatures did not
go above 70° in either the painted or unpainted bins,

BN B—-0
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Minimum. temperatures in the smaller 1,000-bushel bing, however,
usually go above 70° F. for a short time during August and S(‘p[ombor
depcndmy upon the outside air temperature. Tn 1043 the AVOrage
maximum air temperature reached 97° in August and the minimum
wheat teraperatures in the unpainted 1,000-bushel bing were sbove
70° for 47 days and approximately 35 days in the pawmfed bins, a
reduction of 12 davs. Tn 1944 the average maximum nir Lemper ablre
in August reached 89° and the minimum D wheat temperatures in both
painted and un painted 1,000-bushel bins remained below 70°  The
highest average minimun wheat lemperatares recorded for 1,000-
bushel bins in 1944 were 66° for painted and 68° {for unpainted bius.

Since the maximiom and winimum wheat temperatures may occur
in only a relatively small volume of grain, the veductions in average
whent temperatures are of the gr.lcntmt interest, Appm\lmatolv
one-hall the velume ol grain has temperatures above (e average
wheat Lompcm{mo Coensequently, il the average temperature s
ahbove 70° F., a large part of the entive bin of w Lieat s suitable for
insect life fmd. loprodmlmn During 1943 the average wheat tem-
peratures were aleve 70° for 101 (111_\"::- in the 2,740-bushel unpainted
bins. 59 davs in the painted bins, and 56 dnyc; in Lhe painted and
partially shaded bing, A reduction of 42 davs resulied {rom painting
and an additional 3 days from partial shading.

Average wheat temperatures did not 0\('{'('d 70° F. during 1844 in
either the 2 ,740-hushel painted bins or in {he painted and partially
shaded Dins, Tn {he unpatnted bing, however, there were 59 days
daring which average temperature was above 70°, thus providing
ample time for many inseet species Lo produce an addifional hrood,
This indieates that wheat stored in painted sieel bins 15 less likely to
become infested than when stored in unpainted bins. Average wheat
Lemperatures in 1.000-bushiel painted bins were ahove 70° 42 davs
less duving 1943 and 41 days less during 1944 than in unpainted bins,

EFFECT OF {NSECTS ON WHEAT TEMPERATURES, MOISTURE CONTENT, AND GRADE

Anvone working with stored wheat lhas noliced that whenever
there is an accumulation of nsects in any spot in (he grain mass, the
temperature at this spot is higher than that in the rest of the grain,
This abilily of inscels, when m abundance, {o produce considerable
heat presents one of the difficulties ol storing grain for long periods
witheut some means of awretificial control in clunates favorable Lo
insect life.  Ordinarily, winier atmosplberic conditions in Kaonsns
lower the fempemiure of dev wheat stored in 1,000-bushel hins
snfficiently to climinate most insect hfe, Hut this natural means of
inseet control is eflective for holding down insect pepulation lor a
short time only.

When insects are aliowed to reproduce and develop in stored grain
without any artificial control, thov soon become se numcerous thal
they can live undisturbed throughout the winter by congregaling in
pockels and producing their own heal nnd moisture. This necumula-
tion and activiiy results In severe damage o the wheat, not only lrem
“flour”™ and other damage eaused by insecls, hut ulso indirectly [rom
sell-generaled heat from respiration ol the dampened wheat, lEvent-
unlly there will develop an aren of votted, caked, and moldy grain in
the Bin, which, if severe cnough, will cause the entire lot Lo arndo
Sample heeause ol odor.
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From January 1943 to May 1946 two 1,600-huslhiel bins (Nos. 3-10
and 3-11) at Hutchinson were used to study the elfect of uncontrolled
insecl aetivity in the stored wheat., These bins were Flled in 1941
with Ne, 2 Hard Winter wheat ol 11.2- and 11.5-percent moisiure.
Prior to January 1943 they had received applications of fumigants Lo
conlrol the insecets. The wheal was actually in storage for 5 vears
and for the last 314 vears the insects were allowoed (0 develop at will.

For comparative purposes an additional set ol temperniure readings
and insect counts were made (table 30). These readings and counts
are averages from other 1,000-bushel bios at Hulchinson receiving
various treatments of inscet control cousisting mainly of applications
of fumigants during the late sununer and early fall, These (empera-
tures are faken as normals,

Tlhe insect population counts were made on average wheat saimples
talen from the bins and represent the avernge number of insecis in
the bins and not the number present in any Tocalized concentration.
The number present in auy concentrated infestation would be many
times greater than any of those shown (table 30).

Most ol the effect of insects on whent temperatures is Joealized,
unless the infestation hecomes extromoly intense. IFor the first 14
vears, the average wheat temperatures and also the minimum wheat
temperatures in the 2 bins in which inseets were uncontrolled were
approximalely the same as the temperatures in other 1.000-bushel
bins where the inseets were controlled.  The only exceplion was in
the maximum wheat temperature o bin No. 3--10. This hin had a
maximum temperalure as muel as 14° ¥ above the waximum whead,
temperatures for other 1,000-bushel hins whore inseels were rontrollod .
The number of inseets per 1,000 grams of wheat in this hin reached
102 in September 1943, This was approximalely §0 insects more per
1,000 grams than were found in its companion hin No. 3-11 aud in
other 1.000-bushel bins on the site, which had aboutl the same number
of insecls and approximately the same maximum tomperalures ducing
1943 and part ol 1944,

Uneontrolied insect aclivity in hing not only inereased (he wheat
temperature but also inercased the moisiure conient, especially in
scctions above the heaviesh inseet concontration on the upper south
side. .\ moisture traverse, determined from a series of probe samples
nt t-foot intervals above the floor from (he eonuier and 2 feel from the
walls on all 4 sides, was made on bin No. 3-11 on Decomber 5, 1044
(Labie 31).

Bins No. 310 and No. 3-11 were fumigated and emptied in May
19406, Alter & wears of storage, with the lust 8% vears without insect
contral, the dumage eaused by inseels was relatively heavy.,  Approxi-
mately 18 bushels of caked, moldy, and rotten grain was found -
each bin.  The major spoited seetions measured from 4 to 5 feel
horizontaliy and Trom 2 to 204 foet vertieally,  They wore next to the
soutlt wall und centered 8 feet above the floor.

These spoiled sections were the direet result of inseel netivity, The
indireet result, and one of eonsiderable importance, was the effeet the
ingeets had on the sverage grade of the wheal.  The wheat in (hese
binsg eventually graded Sample heeause of a sour odor developed by
the inscels.
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Tannk 30, Insecls per 1,000 grams of wheal and the average, maximwm, and mingmn wheat emperatures in hims Nos, 8-10 and 8-11 and
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Tanve 31—>Moisture contentt of wheal in bin No. 8-11 al Hulchinson,
December 5, 1944
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Distances |
abeve floor :
{foety PoWorth 0 Wesp . Canler

Lomtion in bin

Pet,
118
121 :
2.4
1.7
i3
146G
) -1
1.7

Nt Gk ol ol
nEATnIaLn LiEn i

S
= th i S h
It ki

B & =1 LD G s

i

s Averpe wheat maisture conlent nt oy e was 115 pereent.
? Surface of groin.

The first average wheat sample to be designated as Sample grade
in bin No. 3-10 ovccurred in November 1944 after alinost 2 years of
storage without fumigation (table 32). Not all the wheat in the bin
ab this time, however, was Sample grade wheat. Spot wheat samples
taken hallway down in the bins at the center and near the 4 wulls
during November 1944 showed the wheat localed at the center, south,
and east sides in bin No. 3-10 to be Sumple grade. Wheat from the
west side graded Ne. 3 and from the north No. 2.

The average sample from bin No. 3-11, which had a smaller insect
count than bin No. 3-10 until November 1945 (table 30}, did not
grade Sample until December 1845 (Lable 33). This was 1 year later
than the grading of bin No. 3-10 and followed fully 3 years of storage
without fumigntion.

Tavte 32,—Wheal grade and sther determinutions on spol sanples hotfway down in
bins Nos, 8- 10 and 3—11 «l Hulchinson, Novewther 18, 1944
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TasLe 33.—Wheat grade and wther delerminetions on aterage samples b from bins
Nos. $-10 and 9*.!1 al J'fut{.hmson 184146
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STORAGE IN OTHER THAN STANDARD STEEL BINS
BOLTED STEEL DL TANK

One speeial steel streeiure used to stere wheat at Hutehinson was
an oil lank that represented the exsiveme in {ightness insolar as bolted
steel structures are concerned (fig, 211, This lank was 21.5 feol in

[T TUFPRERTRR

.

'

Fraene 21, Bolted sieel oil tank with rubler paskels Lotwoun joiils,
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dinmeter and 6 feet high, having a tolal capacity of about 4,600
bushels. It was construeted of metal sheets bolted together at the
joints. For tightness, all ol the joints, including those i the flat
roof, were lined with rubber gaskets. IFor ventilation the tank was
equipped with g hooded ventdator in the center of the roof.  Wheat
was pul in through a porthole in the rool and taken out through o
small door it the wall next to the Hoor.  Four s-inch portheles were
built into the rool for probing puwrposes.

The tank was first filled on July 30, 1041, with No. 2 Hard Winder
wheat with a moisture content of 12.9 percent. 1t remained in
sternge until November 10, 1841, In the 345 months of storage the
wheat developed an insect infestation and had begun (o heal as a
result of high moisture and insects. 1t was sold beeause 10 was
dillicult to fumigate. The wheat, wheo removed geaded No. 2 Hard
Winter “Weevily.,”  Approximaiely 4 quarts of caked grain were
found along 2 feet of one vertical wall seant on the southeast side of
the tank. The bolts of this joint were tightenaed before refilling the tank.

When the tank was filled the seeondd time, it was also sealed for the
purpese of keeping out inseets and o observe the effeet of sealing, 1l
any, on the quality of the grain. A special sheet metal hood was
construeted to cover the cendral vertilator, anud all other roal openings
were called This tank witl its tight {it between the rool and wall
joint was ideal for this study.  The tnonk was painted white beeause of
ils rusty conition.

The tank was filled in November 1941 with Noo 2 Tlard Wintor
"Weevily” wheat having 113 pereent maoisture.  Inoorder to have
the wheat free of ingects, it was fTumigated before svaling. A sanple
of erain taken alter lumigelion contaned ho live iseels,

Thie wheat remained in storage 11 moenths before i was removed for
mspection.  The conunereial grade of the wheat in the bottom hall of
the tank was stll No, 2 Hard Winder and the molsture content 11,3
pereent, hut the top half graded Sample beeause of a sour odor of
unknown canse. LU was thought fo be caused by the odor of small
spotled spots permeating a large portion of the wheat, made possible
by the nnusual tightness of the bin. The final inseel sample contained
only 2 msects per 1,000 grams of wheal,

Spoilage was confined 1o 12 small spots;, owing o water leaks
trough the joints,  The largest spot consisted of approximately one-
hall bushel of grain. 1t was i the same location as obzerved in the
original unloading.  The other smoll amounts ol spoiled wheat in the
hin were confined Lo a Tew quarts of caked wrain loeated usually where
3 bin sheets wepre joined together at one point, i addition, small
quantities of spoiled grau were foundd along the junetion of the floor
andwall sheets, Total spoilage amounted (o approximately 5 bhushels.
Al bolts at these places swere tightened aud the seams eallked on the
inside and outside of the tank belore reflilling the thivd (i,

Phis tank was filled for the thivd fime daring November 1042 with
wheat grading No.o 2 Hard Winter having o nmoisture content of 11,4
pereent. T remained instorage Tor 3% vears. The binwas not gealed,

During (he A% vears of storage the condition ol the wheat never
reacied o eritical slage i moisture acewmualation ot the surlaee of the
wheal, in grain temperaturees, or e insect infestations, The highest
moisture ever recovded was 12,7 pereent Jound i the conter top 0
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inches during March 1945. The highest average temperature
recorded was 71° If. in September 1945, and this was approximately
3% lower than the average temperature of the wheat in 2,740-bushel
steel bins at that time. No insect lile was found in the wheat until
the fall of 1944, 2 vears alter storage. This consisted of o few bran
beetles that died during the winter.  However, by (be following fall
3 years afler storage, insect activity had inerveased to 18 bran beetleg
per 1,000 grams of grain. These, (oo, died during the following
winter,  All inseets present in this bin were the bran heetle [ype.
None of the destructive weevil (vpe was found.

When this wheat wus removed {rom storage it siill graded No. 2
Hard Winter.  Approximately 2 bushels of spoiled grain was found,
owing 1o a few major and several minor wall-seam leaks. No strue-
tural defeets were noted in the tank.

Storing wheat in Uds bolted oil steel task has shown that:

1. The strengthof the structure s suitable Tor wheat storage.

2. Storing wheal in an aivtight bin may seriously affect the odor of
a large quantity of the wheat il small spoiled spots develop.

3. Larger farm storage unils can store whenl as safely as smaller
uni(s msofar as the quality of the grain is concerned.

4. It is difficult to eliminate waier leaks through bolted joints.
This was o strueture having joints designed to hold liquids, bul it
leaked water and eaused spoiluge to the wheat even alter additional
altempts had been made to see that the bolts were tizht and extra
precavtion had been taken by calking seams. Though extreme
caution is laken in assembling the steel tank, wheat pressures or
stgging foundation nay cause o bolted joint to open enough to allow
waler 1o enler,

5. Owing to the flat voof, some storage space must be sacvificed or
the wheal is difficult to fumigate.

EXPERIMENTAL CONGRETE HLOCK BIN

In June 1942 the Portland Cement Associntion creeled @ conerete
Dlock bin 12 feet by 24 feet by 8 feet for test purposes al Hutehinson.
No reinforeing steel wos used: the walls were reinforced by outside
coincrele bloek pilasters {fig, 221,

This bin was divided into north and south halves by a conerete
block partition.  Each hall had o capacity of 1,000 bushels. A
double laver of reinforeed kralt paper was placed over the 3-ineh sand
il in the north compartment before (he 3-ineh conerete floor was
poured, andd the inside walls were brushed with 2 coats of un emulsified-
asphalt material, - The floor of the south compartment consisiod of o
3-tneh conerete slub laid over v 3-inch sand fill with no paper below
the conerete. The inside walls were also moisturoproofed with 2
eonts of emulsified asphalt as was one-half of the floor,  Hall of (e
Hoor was untreated.  The entire outside of (he siruetare, oxcept for
the north wall was given a sand-cement wash, and, when dry, 2 conts
of white cement-base paint.

The north compartment was filled June 20, 1942, No struciural
Tailures or wenkness of any fype could be deteeted alter the bin was
full.  Within 80 days, however, fine vertieal eracks were  ol-
served in the east and west walls along the plane of the inside lace
of the north wall (fig. 22, B All the mortar joints and Blocks along
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{hiz plane were broken, exeept at the fowndation.  Eventueadly, these
craecks opened to 0.08 of arcineh on the westwall and (LB on the east,
The north wall was completely Tree of eracks except at the foundation,
The wheat was removed after 3 months’ storage,

Approximately one-half bushel of grain was caked 1o the Jower one-
third of the north wall. The north wall wax the only wall that was
not (reatod with ouiside paint.

Tl south ¢ arioe sis fHled with wheat dueing July 1443 [

e scuth compartment wis BHed sweilh wheat dyenngg Quady THEZ ae
empliod after 3 months of siorage.  This compartment gave salis-
Tactory performanee exeopt lor a small amount of spoilage oceurring
onthe foor next to the door and enuwsed by water Jenkage,  Some
wheat stuelk 10 the asphalt eosting hut did net appear to be deterio-
rated and ecould casily be hrushed off. Tnoadditien, about 1 bushel of
eaked srain <tuek to the bottom Tourth of the east and west walls
Lehind the pilaster blork<,  TC was noticeably (hielcer at the mortar
joumi=, indieatine that the molsture epusing the grain to eake prob-
ably had entered the hin elielly throngh the wortar joinis.  There
was no eaking or other evidenes of grain detevioration on either the
treated or untreated half of the Hoor.

Inaletter to HOd Baree, WU R Swaison * smnmarizes 2 disenssion
witly Sanferd Coats of the Porthuul Coment Associafion on the Toilure
of the ronerete bloek hin ax follows:

[iermsp= rthere was toealized failume on the eorpere- of thie portl wadl and (e
vorher= of the sl wall did wen Fadl, althongls they were ennstracticd in the sanse
Sav, Me Cont~ Tl thee desian was evidendy vlose to U evessary ~rene i,
Thoere were gl rie follenv ine [initations 1o thns firt vonerete biock bin:

o T eonerete bloehs el were male o a ~mafl o=t ping wmaehine and
thee Blowrii~ weerr g™ wlien they wore imeorporated juto the stroeture,

2T rorth cirapartnent ag- 01 wd Gailed first wheees o ~onth com-
part et which was filled sotpewbat goor has <hiown oo ~igis of failure,

A The Inpiiding wa- Toetod west 1o the tenek Bighway where the wihpartes: of
the covosprod Troan the passinsg velieles yeade oovers severe te=t of the ~traetare,

Tl tesrglem ol thie foste arg the irs1 eutreret o Diaek i =howed than ~onwe ~troe-
taral improsements could Lo made withoat manerially fperepsing tin- o=t of Lhe
Lpiledir e, Taoo binportat s ehanees squetesped wepe (he ase of <teel seploreemnent -
W th enpner- wiere Vhae fribires seenrred aoe! the e af longitadinn) tios fa=teted
to the plates of the erod walls aned disiding panitions,

Several diiferent plans were diseissed and sane drawn to improve
the strueturme, but no farther work was done at TTitehinson.

PREFABRICATED AND PRECUT WOQD HINS

Farle in 120 hefore the supply ol wheat beeame <horl Juring
World War IT, additiomal spare was needed o store o large carevover
of ~urplius wheat. Beeause o {reese-order en <teel prevented che pue-
rhiase of additionad steel bins, wheat was stoved in prefabeieated anld
precil wood hins. leven of these wood bins, Nos. 13 1w 13 11,
were ereeted af Hitehinson i the fall of 10402 for the prepose of study
ing dilferent methods of interior bracing, interior chemieal wall treat-
ment for inseet control, extertor wall paings for temiperainre <tudies,
walertghtmes of the bins, and peelormanee of the bins Tor wheat
storage (able 345, AL these bins fige 231 were the same size and
simplay o design: 12 oot wide, 36 Teet Jong, 10 Teet high 1o eaves,
aablie roof, lilling door i eaeh gabte end, emptying doar in one side

#Se Juolete op, §
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wall, single walls of drop siding, and a shingle roof, Each bin held

1,500 buslicls,  Three bins were prefaliriented (wall seetions bolted

® together on the joby; other bins were precut. The interior walls were

' treated Tumediately ofter preetion, Lot the exterior walls woere not
freated until the swmmer ol 1843,

Fach bin was supported ofl the ground by 30 8- by 5= by 1i-inch
conerete buililing bloeks equeally spaced in 4 rows running lengthwise
of the bine The blocks were Iald with the openings hovizontal. to give
crealer bearing suefaee on the wround. Roughly. 1 bloelo was vsed for
every 30 bushels of girain, None of the foundation blocks under any of
the 1t b failed - this number of blocks was sullicient 1o withstand
the weirht of the full hine Settement of the bloeks was not =evere,
Wihen the bins were fifled. the bloeks set(led Trom Y ineh on firm soil to
15 inehwes on softer windblown soil,

The bins were filled in October and November 1942 with 1941 wheat,
containing between 11- gl 12-pereent moisture. . The eomumeieial
ervde was Na, 3 Haed Winter in bina No<, 13 6,13 7013 Soand 13106,
No. 2 Hard Winter in the ather 7 hins. There were no Tailures in the
strurinres at the time of filling.  Dellection of the walls was greatost
fubout I inel at o point 3 feet {rom the Hoor and 3 leet from the
corners ol the end walls in the bins withoot corner braces. The naxi-
mum wall defleetion was only one-hall ns gread in the bins with corner
hraees,

. Frovnn 230 Wend hin nead in whead stodios ar Huatehinson, shbowing the arrange-
s of the sonerde Tonmdation Dioeks<, The wires gt the corverc michored
bin o lugried Jogs, Peeling paint wies eau=od by preen sood gl i constroe-
ties. The Slling door i pable Jid nol exelude water,
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Wheat was held in storage in these bins from 24 to 30 months, and,
except for spoiled grain whieh wus kept separate from the rest of the
wheal, the commercial grade of the wheal was the same as when placed
in storage.  Observations made on the bins when emplied were as
follows:

N 13 1.~ About 120 buslel of wheat spoiled as the restle of wall leak~ and
filline-door leak, Caked grain 6 1o 10 inches thick cHiezine o end walls and Hoor,

No. 13 A-~About 2 bushels grain <poiled au junetion of wall section=. Guooil
quality lamber and workmans=hip in thiz bin

No. 133, - Abent 1 bushel wheat spoiled at nait hole~ iu wall. Twa 2- by
Beineh cros<tit= hroken. Siding in good condition.

Noo L34 —-Blight ~poilage of prain al wall ~eetion juints,  Shdiug good,

No. 13 5. BU bushels of wheat spaiiet! oo north and south walls, espeeially
nnder flling doors,  Caked graio o side walls caeed by eracks and sappy hoard-,

No. 13 8. - 100 bushels of graju ~poibed.  North wall compleiely eakead 10 1y
foor thick at floor conier, upper corters ouly were elesu. South wall abont half ax
bad.  Siding in good mechrnical condition,

N, 11 =Bl bushel of grain spoiled a= a resnlt of leakase at illirig door- and
at wall fromt boards warping and eracks opening,  Hiding pralled anway fron siels
e ~ills as muel as 1ineh. Une 2= by d-Dnel trap=verse (e and ooe 2- by bB-ioceh
longitidingl brace hroken.

N 14 8- 60 Dushels of wheat spoiled as aoresudl of wall leaks amd poorly

frped gable dooes.

Na. f4 T3 Imehels of whent spoilad heean-e of wall and door Jeaks; mostly
the resolt of door leaks,

N, a1 -2 Dushels of swhear ~poiled nost!y by door leaks. Sowe eaked
prain ali aronnd (he sill-.

Noo Li 20 73 bashels of gea ~puilind by wall ard doer leaks

Broken ties were found in two bins.  In both bins these were (he
lower sel of ties.  In bin No. 13 3 it was the two 2- by G-ineh teans-
vorse ties 34 fort above the loor. No reason condd be viven fov this
hreakage, except for the poor quality of lumber used, for in another
bin identieally braewd, the ties wore sownd.

Insufficient nailing and the pulling awng of tw sills Trom the Hoor
are given as Lhe cause Tor the broken wnd eraeked Ges in i No. 14 7.

OF the 11 bins 2 contuined no corner tes,  None of the longitudinal
oy trapsverse es weee broken i these bins,

Bins Nos, 13 6, 13 10, and 13 11 had enly 2 longitudinal ties, an
apper wid o fower through the venter, and were auflictently braced to
hold the wheay pressures, with and without corner bracing. Two ol
tliome three bins tNo< 1310, 13 U contained only alower set of 4
tramsvprse tes G feel above the floor. AL ather bins in this stuely
contained 3 longitudinal and 6 transverse tes,  In the 2 bins bavig 2
longitudinal and - transverse ties, with and without corner hracing,
w0 hroken ties wore Tound.  Quality of Tnmber and worknanship were
evidently as important as pimber of tes,

Leakage of water Uwough poorly fitted Glling doors in the eable
ontls was Uhe ehiof cause of spoilage. Next lnhmportinee was spiiinge
enused by lenkage through the <iding ¢fig, 24 Mivor =puilage wis
eatsed by leakage inder =ills i osome of (he bins and Teakage through
joints of the seetional bins,

Lonknge of rainwaier was the ehiel defeet In tese b The walls
constructed of 1- by s-ineht novelty matched <iding o 2- by li-ineh
studs when adeguately uailed tmot less than 3 tenpenny pails per heard
por stud were siflieiently strong - withstand e whont pressures
bt were ot tight enough o exelude rainwater, This situation was
nggravated by the use of green lamber of poor quality whoen the hins
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were constructed. Shrinking boards allowed additional water to
enter through the walls. Covering the oulside of the hin walls with
metal or asphall roofing will eliminate most if not all of the leakage
through the walls. Waterproof paper lining inside the walls also will
climinate most of the leakage through the walls, but care must be
taken when working in paper-lined bins, sinee the paper is casily
torn. The paper lining 1n 1 bin at TTutchinson was severely damaged
by rodentis. and extensive patching would have been required had the
hin been refilled.

The total amount of spoiled grain found in these wood bins was 603
bushels, or an average of 55 bushels per bin as compared with an
average of 4.5 bushels per steel bin,

Effect o! White and Red Paint on Wheat Temgeratures

During 1944 studies of the effect of painted walls on wheat tempor-
atures (p. 65) were extended to include the 11 wood bins at Hulehinsen.
For this study the bips were divided into 4 groups and painted during
the summer of 1943 as follows:

Group 1.—3 bins, walls painfed with 1 eoar of white painl,

Group 2.--4 bins, walls painted with 2 coats of white paint.

Group 3.— 2 bius, wallz and roofs painted with 2 costs of white paint.

Group -L--2 bins, walls painted with 1 coat of red paint.

Eight wheat temperature readings were taken in each of these bins
during 1944,

et S
Frevne 20~ Fin 13 % Right, spoilage on walls vaused by poorly Gited filling
doors in gable ends; left, leakage through siding eracks.  Wheat in storage 21,
years.
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Statstically, significant differences occmrred between the wheat
temperatures in these hins, but the differences were more likely eaused
by insect infestation than by (he dilferent paint treatments en the
ontside walls tlable 35:. A difference in the anmual average wheat
temperatures between any 2 bins greater than 2.8% F, was eonsidered
significant.  Accordingly, the wheat temperatures among the § bins
in group 1 und the 2 bins in group 3 were not signilicantly different.
but the wheat temperttures among the 4 bins in group 2 and betwern
the 2 bins In group 4 were stenificamdy ditferent, The sgnifieant
differcnces among the binsin group 2 were the result of the low temper-
atures recorded for bin No. 13-3 and the dilference between the 2
bins in group 4 was eaused by the high temperatures reeorded for
bin No. 13 7. This analyvsiz shows that even bins that are similarly
treated my have temperatores signilicanty different,

When comparing the group averagms temperaitices, v was fonnd that
apparentdy the number of roats of white paint on the walls e no
difference insofnr ns the wheat temperatures were coneerned,

Comparing wrain temperatures o geoup 3, whieh had 2 coats of
white paint on walls and roofs. with those jn gronps 1 and 20 there
was an average difforenee of 1.6% F. Group 3 hmd ihe higher temper-
ature,  The opposite would be expeeted to be tene beeause of the
painted rools in gronp 4. Some dizerepancies. howpever, are easily
pointed oul,  For example, the average temperatire hi bin Noo §i o6
iy wroup 3 was not signifieantly diferent from the aserages o hins
Nos, 13-1.13-5 or 1331 in wroup 2, Apparently. the lagher tem-
perature from a heavy inseet infestation in No. i3 4 graup 3 and the
low temperatiee o Noo 233 cgeoup 20 cased Hie average differenes
Letwoen these groups 1o bo stanilicant,

Temperatures in the red-painted bins i gronp 4 were strnifieanth
diftecent from those in groups 1 and 2 but not from ceonp 3.0 Here
again the high temperatuees i one hin (Nao 13 7 paised the gronp
average enongh o niake the difference significant,

Front o <tudy of the mnnber of insects prosent per 1000 grans of
wheat and the maximum temperatarees found tnothe bias, doe hizh
whival temperatiires in no<t af these hins are velated (o the mber
of inseets present and not so mieh to the 1ype of oeatinent, The
vedd hin sNo. 15 7+ had the highest temperatnre average, Lt also had
the greatest insvet infestation and the highest musximuny erain tem-
peratire,  The Jowest ingeet populations were fonad in bins No<, 1} 4
aind 13-3 Teom wronps 1 oand 20 These bins also had the Jowest
feniperatnres,

EHect of Inside Wall Treatment an Insects

The instde walls of 9 of the 1 wood bins were trented with ehem-
ieals, white paint. or lined with keaft paper,  FExeept Tor the kealt-
paper covering, the inside wall treatments were intended as mseen
controls. Two of the bins reecived po inside wall treatnien. Ae-
vording 1o the inseet ratnts G the 11 bins ttable 330 mere paloting
or spraving of the instde walls and foors of wood bins did not eomuol
inseets. There were as mnng and sometimes more iseets o the
treated bins than in the antreated bins,  Most of these hins had to
be fumigaled one or more Uimes to keep the insvet populstivn nnder
enntrol,




TABLE 85.—Average and mavimum wheat temperatures and nimber of “insects per 1,000 grams of wheat in wood bins al Hulchinson, 1944

)

: E (Average wheat temperatures Maximum wheat temperatures Inseeis per 1,000 grams

Group ¥ and bin No, Bin |

; ;
. L | |
i Feb, 2 | May l()i;\ug. 20: Nov, 24} aver- { Feh. 2 i Muy 101 July. 28 Aug. 20, Oct. & | Nov. 24 Jun. July | Sept. Oct. | Nov.
: ! . age? ;

‘ ‘ ‘ : ! Num- | Num- - Num- | Num- | Num-
Group 13 oiep e A o, s i ber ber
18-2 [ O A o I -2 8.3 3 i ¥ 2 8
43.5 30,1 3.1
4360 406

Group 2: 3
L TR ST Y T 1 I Y X I
5 AT 48

42,9 50.6 . 0. 5

4291 481 59,3

&).2 :
32.1 ;
Average
Group +4:
13-7

Average

1'See tible 34 for exterior and interior treuiment of bins,
2 Averigeof Sreadings, =
3 Insects ufter bin fumigated during month.
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Comparison of Wheat Temperatures in Wood and Steel Bins

Average wheal temperatures in the 1,500-bushel wood bins were
about the same as the temperatures in the 1,000-bushel steel bins
(table 36). Average temperatures for the 1,000-bushel steel bins
were estimated from the temperslure curve in figure 20. Wheat
temperature variations within wood bins are similar fo fhose in steel
bins. North-south cross-section temperature variations in wood bins
at Hutchinson ave shown by isothermal curves in figure 23,

L ||

’V ?5

- 2, 70 -

: “ & £

= &

)
738
MAR. 25 (944 BIN AVERAGE 390 °E  JUNE 23,1344 BIN AVERAGE 67.4 °F,
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a £

[+ ey =
s

g 70, T\, 3

JULY 28,1944  BIN AVERAGE 7486 °F. NOV. 24,1944 BIN AVERAGE 58.7 °F,
Trigvre 25— Wheat lemperabures in 1,500-bushel wood bins at Hutehinson, 1944,

Tanok Y6 verage wheal lemperalures in the 1,500-bushel wond bing and 1,080-
bushel steel bing af [uiehinson, 1944
Average whont iemnper-
nlures
1xip

I Wooi bing l Steel bins

o I,l.
.......... . 4.0
- - 45,4
Ray e . LT
e B3 Liii. . eeecwn oo e - 6B &
dniy 28 L . . .8
e 2. - 8
ot 4. - - TLE
- - 6L &

SPECIAL BINS

Not only was steel in shorl supply corly in 1942, bul the supply of
seesoned lnmber and nails wes also shorl. Consequenily, to help

3318975 T
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Tarnish the necessary space to store the surplus wheat, many manu-
facturers designed storage bins using any lumber available or olher
conventional building malerials. Several of these units were evected
ab Jamestown and studied as Lo their general performance as storage
bins. Dimensions and general construetion features of some of these
bins are given below,

Twelve-Sided Wood Bin

A 12sided wood hin, 13.3 feel in dinmeter by 8 feet high, was
made of 4- by 8-foot pancls at Jamoestown (fig. 26). The I.,15(-bushel
bin had no rool door und was Hlled through a removable ventilator.

}

o

Frover 26, —Twelve-sided wood bin, at Jamestown.,

The bin was filled with wheat in May 1942 and emiptied Mayv 1944,
The grain was in good condition except for 2 bushels of spoilage
around outside edge of floor caused by water leakage,  The ventilator
let tn small pmounts of snow during storms.  There were no struel{ural
fatlures in the bin,

Tongue-and- Graove Wood Bin

At Jamestown other wood bins were built of tongue-and-groove 2-
by 12-ineh plank, with o fashioned corner loek and horizontal ties and
uprights (fig, 27). This construetion provided the necessary strength
to vesist the pressure of the grain, The bins wore wboul 15.5 lfeet
square and 16 or 18 feet high,  The plank walls were oasy (0 erect
and required less labor and nails to build than the conventional wood
bla, Whent was stored in these bins from 1 to 2 years. Spoilage of
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Fraenn 27, A, Tongue-and-groove wood Bin, wilh Tashicued porner lock and
ligrizomal Lies ajnl upeighis=: 2, spoilage a= the resull of waler leakage af vorner
focks and where internal braces proteaded, ab Jamesiown,
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varying amounts was found in the bin 2s a resuli of water leakage
through the corner locks and on the walls where the internal braces
protrucded. Flashings over the protruding braces prevented leakage
around these openings, but no completely satislaclory metnod was
found for preventing leakage through the interlocking corner joints.

Ro!l-Roefing Bin

Figure 28 shows a 400-bushel roll-roofing bin built at Jamestown.
Walls made of 2 layers of heavy roll roofing comented together were
supported externally by 2- by 4-inch studs, 16 inches on center,
The floor was o wood platlorm, and the rool consisted of a single layer
of roll roofing. After 22 months of storage about 3 bushels of spoiled
wheat was found on the central part of the floor where water had
asccumulated after entering through leaks around the scoop doot.
Some spoilage was found around the cuter edge of the Aoor at the oor-
wall junetion. Whenat sticking to the sides was not deteriorated and
was easily brushed off. ‘The final grade of the grain was still No. 2
DN3, as when placed in storage.

Reclangular tnsulation-Board Bin

The walls of a 1,050-bushel vectangular bin, 11 by 15 by 8 leet-
were made of #-inch vaporsealed insulation hoard externally supported
by wood framing. The outside of the walls was calked ot the studs
and sills. Roof was also of insulation board, but it was covered with
roll roofing. A wood fleor en skids was used under the bin. Wheat
wns stored 1n this bin for 21 months without faiture from wheal pres-
sures or storms. The initial grade of wheat was maintained and less
than a bushel of spoilage was found, which was caused by the use of
platferm type ol floor. ‘This floor permitted water lealage at the
floor-wall junction, where calking failed.

Trevne 28 —Roll-roofing bin supporfed externaliy by 2- by d-ineh studs, at
Jumestown.

I

T
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Frovue 29, -Cirenlar bin, usiug wallboard pancls {or walls and roof at Jamestown,
Thi= hin containttd no spaees botween the 2 sheets of wallhoard.

Gircular Wallbpard Bin

Tive eireular bins 1.000- (o 2.250-bushel eapaeity were ereeted at
Jamestown (g 201, The walls were made of prefabricated panels
consisting of 2 sheets of *-inch wallboard glued fogether, either with
or withutit spaeers between them,  The walls were supported with
steel hoops wid were froms 8§ to 10 feet high,  Roofs were also of
wallbourd,  Sonme of these bins had wood platiorms for floors, and
some had sheets of wallhoard coated with asphalt that were laid on
dirt ks, The prineipal fault of these bins was the failure to exelude
waler through the panel joints and at the Hoor-wall junetion. which
resulted in excessive spoilage. ranging from 3 o 18 bushels per hin,

Rectangular Wallboard Bin

The roof, walls, and floor of a 1.200-bushel rectangular hin (12 by
20 by 7 feety wore construeted of *¥y-inch asphaltimpregnated wall-
board sheathing externally spaced 12 inches on center (fig. 30}
Construetion of this bin was similar to the 1,050-bushel insulation
Board bin, oxeept Tor the climination of the platform type of floor.
s aresult, the only spoilage fonnd was abeut 1 pound of caked grain
on the floor caused by a nail-hoele lenk in the roof,

TEMPORARY GRAIN BINS
At times a bumper erop of whent is produced (hat chokes all market-
ing lacilities, fills all evailable permanent storage, and still leuves an
excess that has to be piled on the ground fully exposed Lo the weather.
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aed T doieeneaanl-croon e Jomt o the insalutine hoard  was
cemented with hot gaphalt,
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:

Frovar 31, Tempornry srarage in rick of aboat 300-hao=hel ewpaeity @ Thntelinson,
1995,

The portion of the rick not enelosed with hoards was retnforeed with
~tadiesat the tages in tie vooling aod with o 1= by aneh bosrd used nsn
nailing steip at the end.

The riek stood for 3 months, aud when aneovered the balic ol the
wheat was i eood condition, There was no spoilaee at the ridee, bhut
abone 20 bushels of spoiled grain was Tound on the floor eansed Dy
leaks through S5 or 10 punetores near the onter edge of the cover,
The board erelosure of the elek sepned to be detrimental vathier than
helpind, There was o tendeney 1o Torm o dip in the cover near (e
Board.  Mopre spoilage oeenered ot the boanl edge than at the
nuproteeled edges of the reek.

No differenes eonld be observed from the various grades of roofing
or uther materials used or in the varions methods of making the lap
joits, The riek, however, was diflieult (o cansteuet, wd several
seetdlental punetires were made in the materials during constraetion,
whieh s major disadvantage 1o thiz methad of temporaey storage.
Thougl 1his rick was waterticht (o ordinary pains, it had not heen
subjected (o any hailstorms. Noonnusaal dnseet prablems were
cuconnlered i this method of <torge.

A 750-Bushe! Wire-Mesh and Krahi-Paper Bin

The wire wall of the kralt-paper hin ot Hutehinson was made with
a ab-Toot length of d8-ineh widtly 4= by d-inelt mesh, 12-guge welded
wire feneing fornmed into a Io-foot dimmeter civele, The 2 ends of the
feneing were joined by overlapping 2 vertieal strands and tying each
of the 26 crossings with 2 (s of wire (fle, 320 The wive wall was
Ined with s G60-inely width of 2-ply reinforeed raf paper. Thus, the
paper extendwml a foot above the feneing (o form a tnek-in under the
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Froovme 3200 0 Teparary $3U-boshel welded s jreanesds el keafcpapor b,
o Spebead wrane alter e owas crupiied. Wheat i =toraee 7 otnenths,
[Nateban=on juln
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cover. Similar kraft paper was then shaped to form a floor, placed
inside the wall sheet bat extending up the walls a foot, and pressed
down at the loor-wall joint.  Floor seetions were lapped 4 (0 6 inches.
Actundly, the bin was econstrueted while being filled.  First thoe foor
was fakd stde the wirewall ring and grain piled on it until it reached
the edges.  Next, the wall lining was put up boetween the fencing and
upturn of the papee oor and grain was pushed against it to hold it in
place. The hin was then filled untid the level of the wheat was aboul
4 Inehes above the top of the feneing at edges and 2 foet above it at
eenter. The remaining 8 inches of the wall lining was then turned in
otito the grain 10 form e tuek-in under the cover. The eover
consisted of 3 lengths of the kralt paper placed in parallel Fashion
across the coneshaped top of the grain and Tapped a minimum of
t foot: it was held in place by a wire netting over the top and tied to
the wall wire.,  Nono of the joints were eetiented.

The bin stood Tull for 7 months.  Inferim aftention consistod of
tarring a few punctures or abrasions in the paper, chielly in the walls,
adjusting the anchoring of the wire netling over the cover, slrajght-
ening the wire where ponctures in the cover seemed inmminent, and
refeveling the wheat under laps in the cover to improve top drainage.
The bin was not subjeeted 10 hailstorms.

In 7 maonths weathering had eroded the upper ply of the kraft paper,
exposing the tar cementing material and the reinforcing fiber, and
punetures oceurred e the ecover in severnl places.  Water loakage
through these punctures in the cover formed columns of moldy and
caked grain in the bin thg. 32, 5. Water from cover leaks also formed
# layer of caked grain at the floor: however, some moisture came up
from the soil beneath. The keaft paper of the floor was complelely
rolted, with Jitte sirength left even in the reinforeing fiber.  There wns
less spoilage over the krafl-paper floor than over roll-roofing Hoors
used in other temporary bins where leaks through the cover had
resulted in water on the flooe. In roll-roofing flooss, the water cannot
eseape and the layer of spoiled grain hecomes inereasingly deepor.

About 130 bushels of spoiled grain was found in the bin. .\ rather
heavy tnfestation of Inseets was found, and considerable heating was
evident in connection with the large masses of danip grain,

The study 1 this bin showed (hat:

1. Reinforeed waterproofed keall paper enn be used Lo protect grain
in temporary streetures for short peciods.

2. One layer of the paper supported by 4- by 4-inch mesh woldod
wire is sdequate for walls 4 Teet high and for a period of 6 months.

3. One layer of the paper used a8 a cover was punelured n several
pluces and weathered to the point of leaking by the end ol 3 months.
Other tests Lave shown that 2 livers of the paper when not punclured
provided adequate protection for a year.

4. One fayer of the paper used as o floor in contact with the soll
has Httle proteetive value, excopt possibly in dry weather and for
periods not execeding o wmonth.

5. Extending the paper lining 1 foot higher than the wire in the
walls and filling to a point 4 inehes above the wire are effective in
forming w waterGght, puncture-free junetion between wall and cover.

fi. .\ satistuetory bin of this tvpe shonld consist of 2 ring of welded
wire meshe (not over 4- by 4-ined mesh, 12-gage, $8-inch width)
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supporting 1 Jayer of walerproofed, 2-ply, reinforced krafl paper
(60-inch width), a fleor of roll roofing {35-1h. or heavier, laps do not
reguire cementing), and a double cover of the same paper as that used
in the wall.  Careful attention must be given to the junetion of wall
sheats and cover as well as the laps in the cover.  The bin should be
filled 4 inches above the {encing, erowning the conter at least 2 feet.

A 1,508-Bushel Paneled Wire-Mesh and Paper-Lined Bin

The pancled wire-mesh and paper-lined bin was built at Tlutehinson
and measured 15 feet n dinmeter and 7 feet high, The wall eonsisted
of 18 panels made by welding @ seetion of standard 6- by 6-inch mesh
conerete reinforeing wive be-ween 2 angle iron burs that formed
uprights or studdings and provided the flange Tor the joind (fig. 335,
These panels were fastened together with 8 bolts at each joint.  Stabil-
ity of the wall was obtained by extending the angle bars § inches into
the ground, Two layers ol fiber-reinforecd, waterproof kralt paper
lined the inside of the wire wall, T floor consisted of 45-pound
rall reoling laid direetly on the ground, Inps cemented, and edges at
t} e wall torned vp between the 2 layers of kralt paper. The cover or
rool was a coneshaped lighGweight waterprool canvas resting on the
grain execept at the eenter, where a pole supported the canvas to form
¢ poalk and at the eaves whoere it rested npon the wall, .\ hole was
eut in the side of the wall {or empiying the Bin at the end ol the test.

Thiz b was filled with wheat on May 210 By July 9 leaks had
geenrred al the eaves through holes where the eanvas cover erossed
the walls and at (e depression in the canvas cover Just inside the walls
after the grain had =ettled.  Holes were rubbed in the eanvas at the
walls by winds activating the cover.  Cover leaks eaused discoloration
on the paper wall lining at several points.

The bin was emplied i Angust ofter 3% months of stornge,  Five
columns of eaked and moldy wheal were found (g, 33 extending rom
top to Hoor, all eaused by Jeals through the eanvas cover at the wails,
The entire floor was coated with caked and moldy wheat 1o a depth ol 1
to 5 ehes where the water that erdered through the eanvas cover,
sellied at the botiom of the bin, and could not eseape. The lotal
spollage amounted 1o about 100 bhushels,

There were no failures in the bin eaused by wheat pressuves or rain-
storms, mud the bin maintained its shape well even when emplied.
The hin, however, had nol beea subjected Lo any hadlstorms, All the
damaged wheat 10 this bin was caused by the cover. With an effee-
tive e o the binowould be asatsliactory teniporary storage for periods
up ~ . months,  Danger of puncturing the keatt-paper wall lining
should not boe overlooked,  No unusuad inscet problems were Towul
in this bin,

A 1,400-Bushel Welded-Wire Mesh and White-Surfaced Rall-Reoling Bis

The welded-wire mosh mul roll-roofing bin at Tlutehinson {fig, 34)
was 14 feet i dinmeter and 8 feet highe Two rings of 4- by 2-inch
mesh, 12-gage, 48-inch width, welded-wire fencing were used Lo make
the 8-feot wall height.  One 100-foot roll of fencing was cul inta 2
parts, caech 30 Jeet long. U\ d-inech length of cach horizontal strand
was Jelt extending bevond the end vertieal strand on each end of the
two pieces of fencing. Loops were then formed on these d-inch
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' Fior o d%.  Temperary Lo ashe) paneled wireewad) wnd paper-dined Vg,
£, Cohinnns of enked et taalds grain adjeen to the castowafl,  One colun
fovl ermmbhad faar BDroits ek on the wall, Wheat in <topsige 32 ironihe-,
Fhatehireen, 1515,
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extensions, and the joint completed by inserting n A-inch iron rod
through the loops (fg. 34,

The first ring was sef in position and a 16-ineh width of white
azhestos-surfneed roll-roofing placed inside the feneing at the bottom
to starl the wall iaing.  The lower edge was notehed 4 inches from
the ground al intervals of 2 foet 1o provide for Lueking under the floor.

Precut lengths of 43-pound black roll roofing were then placed on
the ground to form the floor.  The lengths had been cut to provide an
S-ineh extension up the walls on the inside and were also notehed at 2-
ool intervals for casy filting to the eircular walls,  Laps m the floor
sheets were 2 to 4 inches but wore not cemented. Filling the hin with
wheat was then started, and additional wall lining vings of 32-inch
widih white roll roofing were added as the filling progressed.  With
lapz of approximately 2 fnches, the top ring extended asbout 8 inelwes
above the proposed filling depth and allowed o tuek-in under the
eover secfions,

The cover, alio made of white-surfaced roll roofing was fabricated
i 4 sections, each consisting of 5 wedge-shaped t(rlanguinr sheets of
the white roll roofing cemented to a backing materinl. Backing
materinds uzed were £ 33-pound roll roofing on the northeast quad-
st 21 warpadlin on the southeast guadrant: 31 reinforced water-
prooled keaft paper on the southwest guadrants (45 asphinlt felt and
roofer’s cotton ganze, cach forming approximately one-half of the
backing, on the northwest quadeand.

Four 1- by s-mel bowrds were Jaid radially on the surface of the
grain to form a foundation for the faps of the cover seetions. A lath
nailod over each lap seeurved the joig and formed an effective seal,

Tt ue 34, —Temporary 1 4H-busbied bin of while asbestos—urineed roll roofing
and wolded-wire feneing with roll-rosfing Hooring, Hukehinson, 135,
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A cone of roll roofing, fabricated on M-inch mesh hardware cloth for
completing the npex of the roof, was secured by a roofing nail driven
info cach lath. Al the eaves the cover was lucked in befween the
fencing and wall lining.  Belore applying the cover, the apex of the
cone of wheat received a pad of cotton about 4 leet in diameter and 8
inches thick al the ecenter, It was thought that this colton might
absorh moisture accumulating st the surfacee of (he grain.

A secetion of 45-pound black roll roofing was placed in the first ring
of wall lining on the west sicle for a comparison with the white ma terial.
No difference wis noted,

The struclure remained in good condition for 10 monthy of stornge.
Tnlerim attention given this bin consisted of palching with roofing
rement 2 or 3 punelures of unknewn origin in the cover and scaling
with calking compound an abrasion in the wall lining.  No hailstorms
occurred during the test on this hil.

When the bin was emplied it was found that water leaks had oc-
curred in two seclions of the cover nnd at the roof apex. The apex
feak resulted from too lat a slope.  The cone of grain should be buiit
higher at the center. Leaks in the seciions occurred only at the
vrossing of laps in the white cover and the backing matertal.  The
southenst and southwest seelions, lined respectively with larpaulin
and reinforeed waterproofed lealt paper, were of o single picee cach;
henee, no leaks developed.  One leak developed i cach ol the other
(wo seetions. 11 was guite apparent that the leaks were not large.
The eaked and rotten grain formed irregular snucer-shaped masses 10
inches and 18 inehes deep, vospectively, in the northwest and north-
oast seetors.  Only o small quantity of water pereolated to the bollom
of the hin to form a small area of caked grain in the northeasl seclor.
The grain adjacent Lo the web spets was slightly musty and the odor
permeated the entive mass through the mixing of the grain in emptying
the biu. so that the lot graded Sample.  Total spoilage amounted to
about 35 bushels.

The study of this bin showed that:

L. This tvpe of temporary bin can be made enbirely waterprooled
and therefore could be used to store grain for perieds of a year or more.

2. Cons{ructing the voof and making it waterbight is the most
difficull part of the strucivre.

3. Punctures vequired for fumigation or aceidental breaks can. be
patched effectively with asplalt cement and roll-roofing or calking
compound.

4. Neither the 4- by 2-ineh mesh, 12-gage wive, nor the ashestos-

surfaced roll roofing failed at any time during the 16-month storage
period.
5. The roll roofing floor Jaid directly on the ground was effective
in Llis bin as in previous trinls. A fill of carth is desirable, however,
to raise Ure floor about 3 inches above grade and provide dramage
away fcom the feor-wall junetion.

6. The test using cotlon balling as an absorbent for the expected
surface moisture acenmulation did not receive a fair trinl hecause of
leaks in the roof.

Pressed-Wood Walls and Kratl-Paper Govered Bin

~The 700- Lo 1,000-bushel bins of pressed wood and keaft paper are
classed as temporary because of the voofs,  One was tested ag Flulchin-
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son, and three at Jamestown. They were 4 feet high and 15 to 184
feet in diameter.  The walls of these bins were made of pressed-wood
panels bolted together and formad into a circle. (fg. 35).

In the bin at Hutchinson the lower edges of the wall sheets were
buried 6 inches below ground level. The floor consisied of a G-inch
layer of sand above the ground level covered with composition
roofing. This proved to be a good foor. At Jamestown the pressed
wood walls of these bins rested on paper-covered wood floors laid over
gravel or on conerele block piers. Some leakage occurred ab the
fioor-wall junction in these bins where calking failed.

After filling the bins with wheat and heaping the center to form a
cone, straw was laid around the upper cdge of the wall and then the
wheat was covered with 2 lawers of walcrproof reinforced kraft
paper under wice mesh to form the roof.

Wheat was stored in. these bins from 10 to 19 moanths without any
wall failures. However, severe weathering and mouse damage to
the Jkraft paper permitted considerable spoilage.  Spoilage [rom lealks
through the rools ranged from 3 to 75 bushels per bin.

Diseussion

Temporary grain storage structures must he as carelully planned,
constructed, and filled as permauent bins, For there is less oppa rtumidy
to examine the grain or modily conditions after filling. 1t is assumexd
that temporary bins will be used only as emergeney storage to replace
uncovered piles of wheak on the ground and that they will be watched
closely and emptied as soon as feasible.  Grain thal is not in concition
for permanent skorage vannot he considered suitable for sale temporary
storage. Some generalizations can be made from the types of tem-
porary storage fried at Futchinson and Jamestown.

To obtain a satisfactory cover is the most diflicult part of con-
strueting a temporary storage. Tt must resist deterioration by
weathering, puncture by hail orother falling objects, and must be water-
tight. IFrom the standpoint of case in application and freedom
from leaks, a double cover of reinforced walerproofed kraft paper is
highly desirable. Tt may be anchored with a large-mesh, lightweight
poultry nelting lied to the walls. Rell roofing, heenuse of its narcow
width, must be lapped in many places and thercfore requires cementing,
It is, however, longer Jasting, and if used as a top cover cemented (o
an undercover of kralv paper it makes a good cover.  Canvas is likely
to admit water wherever it comes in contact with the grain ov the
structure and must be watched earefully.

In the warious covers studied Tor temporary sterage, none of the
tests showed evidence of moisture condensing on the underside of the
cover directly on the grain. Tt must be remembered, however, that
most of rhese bins stood less than o wvear.

Walls of wire mesh lined with reinforced waterprool paper or roof-
g are quite effective.  With horizontal strands not more than 4
inches apart, 12-gnge wire is ample for an $-foot wall leight.  Mesh
sizes of G- by G-incli, 4- by 4-inch and 4- by 2-inch weve tried. . None
fadled under the conditions used. The latter 2 mesh sizes are prefer-
able, and when used with 1 ply of reinforced keaft paper are eflfective
for a period of 6 months. Tfor longer periods 2 plics should be used.
Either white-surfaced or black roll roofing i 45-pound weight is
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Fiatrs 3% - .1, Temporary 700-bushel bin with prossed-wond  walls, donhiv-
. thickness wuterproof  reinforeed  krafi-paper roof, and heavy rofl-roaofing

flooving. 43, Oplunms of =poiled grain and layer on Geor easad by leaks
ihroneh weathered and darmaged roeol, Wheat in storsge 11 mwonihs, [oetehin-
sH1,
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effective for a year or more with 4- by 2-inch mesh. For a shorter
period 4- by 4-inch mesh is satisfactory.

Floors of 45-pound roll roofing laid directly on the ground, with
strips lapped but not cemented, were used successfully. Laying it
on a level with the surrounding grade permits water to accumulate nt
the base of the wall with some danger of grain spoilage.  When placed
on a slight fill providing definite drainage away from the bin on all
sides, thiere is reasonable assurance of no spotlage from this cause.
Wood floors arc not necessary in temporary bins.

Some disadvantages of temporary storage bins are: (1) Diffieulty
of construction, requiring two or more men; (2) lightweight building
malerials ave vasily torn and are vulnerable to wind and hail damage;
(3) grain is difficult to inspect; (4) fumigation is more difficult than in
standard steel or wood bins; (5) temporary bins must be emptied—
they are not satisfactory when only partially full; and (6) building
paper materials can be used only once unless extreme care is taken
in handling them.

The essential recommendations regacding piling grain on the ground
for Ltemporary storage are to choose a plot of slight slope; to smooth
the ground; to pile the grain high in the form of a long rick, keeping
the surfaces of slopes as steep and frec from depressions as possible;
and to provide n cutoff ditch for drainage water on the uphill side of
the pile.  The diteh should be kept very near the pile of grain and
be given enough pitch to drain well. Water then flows over the
surface of the wetted grain info (he diteh and is carried away.  With-
out the ditch, water accumulates at the base of (he slope where most
of the spoilage necirs. Hence, any enclosure or flooring material
usunlly tends to inerease spoilage by retaining the water and directing
it under the pile.

U 5 GOVERNMERT PRINTING OFFICF. 1955







