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CHAPTER I
INTRODUCTION
(bjectives of the Study

The objective of this study is to determine the economic fzasibility
of on-farm drying of whest with unhssted air.l Included in this objective
is a consideration of the nsture and importance of physical factors re-
lated to grain spoilasge and recommendations for opersting procedures to

farmers equippad with facilities to dry grain with unhested eair,
Grzin Storage in Oklahoma in 195k

In 195l one hundrad thirty-six million bushels of permensnt commer-
cial storage weres available in Oklahoma; This consistad of 61 million
bushels in terminsl =levators, 190 miilion.in interior merchent mills, and
65 million in country elevstors, In addition, there were approximstely 35
million bushels of on-farm storage, 3 million of temporary storege, and 500
thousand of government (Commodity Creait Corporation) owned storsge. Total

grain storsgz capacity aveilsble on December 31, 195k, amounted to ap-

lUnheated g@ir has been defined in this study &s unhested, unmodi-
fied atmospheric air at the perticular locstion.



proximetely 17h% million bushels,

Thers is trend to store less wheslt on the farm in Oklahomsz snd

fid

%0 stors mors in country and terminal elsvzbors than in the¥past. This
ok

trend is shown in Figure 1. The trend wss slowed down in 1942 and 1954

when meny fermers, bacsuse of the large stete-wide carry-over suppliszs

of wheat, had no zlternative excapt to store on the fazrm., The trend to-

a

werd the use of elevator storsge rather then farnm storsge has been faster
in Cklzhome thin in the Hortherm Jresszt Plains whest stabess, In Oklshoms,
tempersture, molsbure, sad humidity conditions aversge higher and aggra-
vazbe the problem of conbrolling. grain spoilage more than in thes Northern
Plains stztes. Risk of damage and shrinksge is high, psrtieularly in farm
L . 2
bins or gransries.

spproximately 30 million bushels of grain wers actusliy storad on
farms in Cklehoms in l95h.3 Host of this grein was stored in ressonably
good condition because of the favorabls harvesting conditions in 1954,

Weather conditicns in Oklahome vary from yesr to y=sr, hHigh rain-
fall and high humidity often occur during the hervest ss=zson., Thess con-
ditions affect the state of maturity end bhe moisture content of the
grzin st hafvest. The us2 ofrcombines has resulted in the storzge of

whest with a higher moisture content then desirable for safs storsge.

~ H

Total storasge capacity arrived at by storage data obtained from
United States Depsrtment of Agriculture, Agricultural H¥arksting Bervies,
Office of Agricultural Statisticisn, 318 Faderal Fullding, Cklshome City,
Cilahoma, and Cklshoma Agricultural Stebilizstion and Coaservabion Office,
Stillwgter, Cklzhoma, ’

°Tpe use of combines hes resulted in wheat going into storage with
higher moigture levels than desired, Thomas K. Hall, Adleowe L. Lorson,

Howsrd 5. ¥nitney, snd Charles H, Mever, Whers and How Much Cash Crein
Storage for Oklshoma Farmers (Farm Credit Administration, Bulletin o,
53, Eag, 1950, )

United States Department of Agriculture, Stocks of Wheat and Fee
Grains, (Oetober 1, 1954) Agricultursl Yarksting Service, 318 Federazl
Building, Oklszhoma City, Oklahoma,




Figure 1 TREND IN WHEAT STORED ON FARM IN OKIAHOMA 1931-1954
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United States Department of Agriculture,
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Grzin with high moisture is discounted in the merket because of loss~
risks or because it must be dried before it can be safely stored., The
gmount of the discount varies directly with the amount of excess molstura,
i moisture discount schedule used for wheat in Afton, Cklshomas, in 1954

is shown in Tzble 1.

Potentizl Benafits of On-farm Grain Drying

Cxlahome wheat is hsrvestsd mechanicelly in a very short period of
time and must be sold or moved dirsctly into either slavator-or farm stor-
age. If this wheat is sold or placed in elevator storage, the farmer is
not directly'responsible for many storsge problems. Howsver, if the
wheat is stored on the farm, the firmer sssumes full responsibility for
the storsge problems. The primery consideration-in the use ofrfarm stor-
age of grain is the merketing of the grain st =z subssquent time when the
additional returns from storsge wmay be greater than the cost of ths stor-
age,

In storsd grains, chemiczl changes, soms of which have & profound
effact on mubtritive velues, are continually taking place regsrdless of
how bhey sre stored., With very few excepiions these changss bend to be
detrimental to the quality of the grsin. Under the most frvorsble con-
ditions, grain storad for msny years may undergo relstively minor changes
in composition and msy still be used zs 2 sourc2 of mutritious and pala-
teble food or anmlmal feed. Very unfavorable storsge conditions, on tha
other hsnd, can rasult in the complete spoilage of the grain for food or
fred within 2 few days,

Intil recently farm grain drying has not been practiced very es;

tensively. With electric powsr more widely availsble, and farm machinery



A& MOISTURE DISCOUNT SCHEDULE FOR WHEAT,
Table 1. 1
AFTON, OKLAHCHMA, 1954

Per cent moisture? Cents per bushel’
4.0 0
14,1 to 14,25 1
14.26 to 14,50 2
14.51 to 14,75 3
14.76 to 15.0 h
15,01 to 15,25 5
15,26 to 15.50 6
15.51 to 15.75 7
15.76 to 16,0 8
16,01 to 16.25 9
16.26 to 16.50 10
16,51 to 16.75 11
16,76 to 17.0 12
17.01 to 17.25 . 13
17.26 to 17,50 14
17.51 to 17.75 15
17,76 to 18.0 16

L . : . .
Taken from discount scheduls card 195k, Afton Cooperstive Associa-
tion, Afton, Oklshoms.

2Wot, basis,
3,

A bushel of whaat consists of 60 pounds regardless of the moisture
content,



of mors kinds being used, on-farm grein drylng is coming into some use,

@

me Oklahiomz farmers heve become intarested in grain drying with unheated
air. In 195, sixtesen farms in Cklahoma were equipped to dry grein with
unhzated air; only one fazrmer was equipped to dry grein with heated air}
Iimited ressarch informetion is available on drying greinm mechanically
under COklahoma conditions. ﬁost»res&arsh information available on grain
storage on the farm has been done in other states and under elimstic con-
ditions quite different from those existing in Oklzhoma.

In general, farmers with drying eqﬁipment named sevaral potsntial
benefits to be derived from drying grain on the farm.

The first of these is that loss in quality of the grain is prevent-
ed or minimized. Two principai types of losse2s ars due to harvesting
grain too high in molsture content. The first and most familiar of these
is racognized through suech grain grading terms as tough, heat damape, totszl
damage, and sample grsde. These types of loss=s eost farmers and grain
handlarg many thousands of dollars =sch yéar. The drying proeess may in-
prove the grade of the grain, According to Federsl Grain Standards, the
percentage of moisture in whest must not exeeed 1l pef cand for the grade
Number 1 to Number 5, 4 specizl grade of "Tough Wheat" is designated for
wheat which contains more than 1L per cent but not more than 15,5 per
cent of moisture, Whest containing in excess of 15.5 per c¢ent moisture is

graded "Sample Grade."z

IOwnad and opersted by Robert W, PBuster, Guymon, Oklahoma, who lives
one and ons-half miles sast of the city of Guymon, Cklahoma.
United States Depsrtment of Agriculture, Handbook of Officisl Grain
Standsrds of the United States (Production znd ¥erketing Administration,
Grain Branch, Revised 1951.)




Fermers equipped to dry their grein may be able to take advanbege
of seazscnel price changes, Wheat»prices ara usuzlly lowest st hazrvest.
frlces usuelly rise as the merketing ssason progresses snd prices usually
reach btheir highest ievel_in4;ate spring. The farm price chinge in Okla-
homa from harvest until a typlcsliy hlgh month of the years 1940 to 1954
is shown in Table 2. In the United States in 1L of the last 15 marketing
yeers, the monthly zverage hard winter wheat cesh price was lowest of the
yesr in June, July, or August., In 9 of the lzat 15 years, the price aver-
aged highest in Harch or later, In other years, except in 1952 whan the
price averaged highest in Hovember, the high occurrsd in December-Febru-
zry. Prices exceaded the price support loan at some tiwe during the sea-
son in every year except 1952-53 and 1953-5h4. Except for 1946-L7 end
1947-48, when demend for wheszt was exceptionally strong, prices averaged
around the "effective” loan level for the seeson--the announced rate less

ellowance for storzge, which was assumed by growers beginming in 1951.1

Also grein drying on the farm may permit the harvesting of more
grein per day. Drying with unheated sir may permit starting the combine
& few hours =erlisr in the day end zlso psrmit its operation 2 few hours
longer in the dey than possible if 1t were necessary to wsit before sbart-
ing the combine until the gralm was dry in the field to 2z point considerad
safe for ferm storage.,

i a resuly of esrlier harvesting this may incresse the flexibility
of the total farm operation. Some farmers in Bastern Oklshoms locztad on
Arkensas Hiver bDotbtom land double crop if weather conditions ars favoravle.

In this arsa & few days sarliier hervest of wheat might permit double crop-

1pats published currantly in The Whest Situation (Agricultural iar-
keting Serv1cy,)




Table 2, WHEAT: FARW PRICE CHANGE FROM HARVEST UNTIL TYPICALLY

HIGH MONTH DURING CROP YEAR, CKLAHOMA, 194L0-195L

fo33

Junes April © " Change by rer GCent
Year 15 15 April 15 Change
1940 62 .72 .10 16
1941 .79 1.01¢ .22 28
1942 .96 1.20 .2k 25
1943 1.20 1.4h0 .20 16
194l - 1.38 1,47 - .09 6
1945 1.h3 1.55 A2 -8
1946 1.70 2,13 .73 13
1947 S 1.96 2.22 .26 13
1948 2,02 2.03 : LO1 —
1949 L 1,72 2.05 .33 19
1950 " 1,90 2.21 31 16
1951 - 2.15 2.26 ' <11 5
1952 2,01 2.12 W1k 5
1953 . S 1.66 2,12 .26 1k
1954k S 1.91 2.17 .26 : 13
Aversge ©1.57 1.80 .23 . 15

Source: Cklzhoms ﬁgricultﬁre. Anrual Report of The OklahoméHStste
Board of Agriculturse and the Agricultursl Msrketing Service,
United Stetes Department of Agriculture, 1953, 195l.




ping the ssme lznd with soybe=ans or vsgestzble crops.

Grain drying on the fzrm may permit harvesting grain esrlier in
- the season. Whest drying with unhezted szir may indirectly affect the
amount of wheat harvested by permitting farmers to operate their com-
bines s few days earlier in the s=:son than would be possible if it
wers necessary to depend entirely on weather conditions to dry the grain
in the field before starting the combine. A few dsys gained by start-
ing the harvest earlier could result in ssving a crop which might other-

wise be lost should a storm occur during the harvest,

On-the-Farm Drying with Unhesated Air

Mechanicsl ventilation with unhested gir is potentially an in-
expensive method of drying grain under many conditions,

Whneat is dried by this method in circular steel bins or general
purpose structures by instaslling duct systems to insure proper dis-
tribution of the air in the grain., Illustrations of some of the com-
mon structures and systems in us2 in Oklshoms sres shown in Figures 2,
3, and L.

Wheat is harvested in late May or early June when the atmospher-
ic conditions in Oklahoma ar= ususlly fevorable for drying grain with
unhested sir, Recommended minimum air-flow rates for drying whe:zt from
verious moisture lsvels ars given in Appendix .C,l:0i: 1.

Unheeted sir drying of grain hes certain merits, fThere is no
expense for fuel other than for the operation of the motors; the ini-

tial =quipment cost is low; little wupervision is required; and the



10

fire hazard is small.

However, the procsss has some disadvantzges. There is extreme
dep=zndence on westhzr conditions; the rate of drying is slow and, as
a result, during the weeks which msy elapse, the grzin way be damaged

by mold growth,
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Figure 2, Circular metal bins prapersd for

deying wheet snd equipped with ©

and duct gystem Lo supsly unhsab
sir,
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ra 3'

General-purpose building squipped
with air duet and fan unit for
drying whast with unheated sir.
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Circulsr metal bins =quipped
for drying grain with unheated
air.
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CHAPTER IT
Sources of Data and Proecsdure

The data on drying wheat with unhected air were securad by personal
interview from all Oklahoms fsrmers who were known to have facilities. for
drying wheat by this method in 1954, In an abttempt to locate these far-
mars, letters weres sent to County Agricultural Agents throughout 0Oklaho-
ma requesting nemes of farmers using grain drying cqpipment.l Replies
ware recsived from sbout 60 per cent of the County Agents. In those
counties where no repliss were received from the County Agent, &z similar
lstter was sent to the County Office Manager of the County Agricultural
Stebilization Committee. Betwsen these two agriculbural agencies, re-
plies wers received from all 77 counties in the state.

From the replies received it wzs determined that 17 farms in the
state wers equipped to dry grain on the farm. These farms were visited
and detailed questions wers asked the operators concerning the drying in-
stalletion and its operation,

One farm using ertificially hested air for drying was discardzad be-
ceuse it was the only installation of its kind in opesration in the stzte,
Thres farms did not complste their drying instazllations in time for the
195 hervest; thersfore, they wers not used in this study;z

Location of the grain drying structures were well disbributed

%See Appendix A.
See Appendix B.

iy
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throughout the state as shown in Figure 5.

A1l the instzlletions were made in 1954, Since the westher during
the 1954 harvest §eason was very fevorable, permitting the grain to be
horvested in a ressonably dry condition, this study will need to be con-
tinued in order to be more representstive of average Oklehome climetic
snd storsge conditions.,

Engineering dete wsre taken from the United States Department of

Agriculture snd state Agricultural fSxperiment Station publications.

Data on grain spoilage end handling in storage were based on infor-
mation obtained from: (1) lecturs notes snd personal interviews with Dr.
Yex Milmer, Department of Flour and Feed Milling Industriss, Kensas State
College, Manhatban, Kansas; (2) & book recsatly published, Storage of

Caresl Grains end Thair Products, American Association of Cereszl Chemists,

iMonogram Seriass, Volume II; (3) correspondence and personsl interview
with Dr. Majel M. Hsclesbers, Chemist in Charge, Stareh Granuie Ssction,
3tarch and Dextrose Division, Northern Regional Laboratory, United States
DBpartment'of Agriculture, Peoria, Illincls; (4) tests by J. ¥. Sorenson
Jr.y G. L. Kline, and L. M. Redidinger on drying snd storing sorghum grain
in farm storege bins in South Texas, the Agricultural and Mechanical Col-
l2ge of Texas, Colleges Stsation, Texas;l (5) the experience‘of the author
who oparated a country grainm elevator for eleven ysars and was Commodity
Loan Supervisor for the Production and Marketing Administration, United

States Depariment of Agriculture ian Oklashoma for three years.

lJ. W, Sorenson, Jr., G, L. Kline, and L. ¥. Radlingey, Drying and
Storing Sorghum Grain in Farm Storsge Bins in South Texss, the Agricultural
and Mechaniczl Collage of Texas, Progress Report 1665 (Collsge Station, Texas,
May, 195h.) ’




Figure 5. IOCATION OF 17 SURVEY FARMS EQUIPPED
TO DRY GRAIN IN OKLAHOMA, 1954

® o

013 Drying Units Using
Unheated Air

© 3 Drying Units not o 0
Operated in 1954

@ 1 Drying Unit Using
Heated Air not Included
in this Study

/Source: Letter mailed %o all County Agents and
County Agricultural Stabilization Com=
mittee. Se Appendix 4.
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BOONCHMIC FACIORS IN ON-FARM DRYING
Descripbion: of Farms Studied

Ten of the 77 countizs in (lshoma were r%pf@s%ntad by at least
one fari im the 13 survey farms studied. One-third of thess farms ave
loceted in the cenbral end western pert of the state and two-thirds are
locsted in the sasbtern perd of the staete.

The range and average of total acras, total tillsble acres, and

whaet acreage for the 13 survey farpms sra showmn in Table 3.

Table 3. JAcreage Per Farm on 13 Survey Farms

Ttems , Hange hyarage
Total acrss Sh0-7000 1552

Tobai tillable azcrss 1001300 762

thest sereage 0-750 28l

The tillable acrssge, whe:st acreage, and capacity of storage
equippad for drying for the 13 survey farms is shown in Teble i, The
whest acraage ellotments were in effect in 1954 and all the sugvér farms
szeded within their serssge gllotment,

Two farms did not plant whest in 1954, Their drying units ware

used primarily to dry grains obher then whesb, such ss, grain sorghum,

17



oats, barley, and other greins..

Thirbyhsii p&f cent of the fasrmers reported they installed dry-
ing equipment "to bs sure wheat would keep® whils twenty-five per cgnt
installed drying equipment specifically "to get the government loan.”
Cﬁly fourteen per cent indicated "sarlier harvest." Other farmers indi-
cated that they dried their whest fog the following reasons: (1) to pro-
vide insurance againstlioéstf moist grain, (2) to gain a better bargsin-
ing position at the elevator, (3) to avoid "doek", (4) to benefit from
higher quality, or (5)to protect certified seed. Obhsrs bought higlh
roisture grain for livestock féed.

lone of the farmers had moisture testing equipment. All indlcated
they took sampleé tc the elevator for moisture testing. One fasrmer sald
he operated his drysr when the humidity was 50 per eent or bslow. Another
watched the local television station for weather reports and operated his
dryesr when the humidity was 65 per cent or lower. The balance:operatad
their’dryers wnen the air was "dry". Ho clear explahétion could ba ob-
teined from them concerning what they considersd "dry" zir. Hoat of them
felt that loﬁering the temperature helpad keep the grain in better condi-
tion. However, no spescisl affort wes being mede to operats the dryer
with temperature reduction &s the principle cbjective,

Ten of the fermers said the installatiqn of their drying equip-
ment did not affect their farm cropping program., Two of them indicated
intentions to grow wmore graih aﬁd soybeans., One farmsr indicabed he
would plant winter crops for harvest in the spring rsther then plant
spring crops for hervest in the fall, Another indicsted intentions to
plant more late maturing wheat varieties instesd of all early maturing

varizties., One fzrmer intends to grow mors crimson clover, rye grass,

18



TILLABLE ACREAUGE, AND CAPACITY

Table ly.

FARYS EQUICPED FOR DRYING

CF STORAGE CH 13

19

Vheaat

Total Tillsble Bushels
Number Acres Acres Aersage (apacity
7 1000 s
1 1320 1200 540 17.6
2 1235 950 286 8.8
3 1050 900 150 13.2
b 7000 800 142 L.l
5 630 600 121 18,3
6 1280 1000 535 7.2
7 980 600 108 2.0
8 2200 100 0 3.0
9 540 520 16L 2.0
10 800 760 500 3L.0
11 583 375 L2 L.o
12 1600 1300 750 15.0
13 960 600 350 18.0
Totel Avarage 1552 762 28l 11,2

of Positive
Items



20
vetch, and fescue, Two farmers stated they harvested esrlier than be-
fore they hed grain dryers. The range indiceted was from on2 to four-
teen days ezrlier, Hone used his drying equipment for purposes other
than drying grain.

Direet Costs of Drying Wheat with Unheated Air

Capital investment

The originszl average investment in the drying installations, ine~
cluding all necessary equipment, was $857 with a range of 345 to $1800.
The investment in the drying equipieﬁt for the 13 sufﬁeyffarms is shown
in Tsble 5, All instellations were made in 195L. o
Fixed costs |

As shown by Table 6, fixed costs per yessr averaged 4245.52 on the
13 farms, This represented 91.5 pef cent of the total costis. |

Depreecietion ih per cent of purchase price was figured on the
basis of actugl estbimates given by the farmers. All survey farmers used
& depreciation rate of 20 per cent, Although each ibtem included in the
drying installation may hezve a different life expectaney, farmers gave
cnly one rate for their entire installation. The 20 per cent deprecia«
tion rate'rgported is the authorized amortization rate allowsd under the
1954 Internél Revenue‘Code permitting sccelerated "Writé-off" rates to
encoursge the expansion of grain storsge facilities. Undoubtedly some
of the drying equipment hes & life expectancy of morz than five years, -
If 5 depreciation rale more nearly in line with the actusl life expec-
tancy of the drjing squipment were used, the farmer's actual annual costs

might b= lowerasd in proportion to the zddad yesrs of life of the equipment,



IRITIAL INVESTHANT IN DRYING EQUIPMENT O
Table 5. . e
S SANPLE FARMS IN OKLAHCOMA, 195k

Fayrm
Ho. Fans Hotor Wiring Duets Total
(Dollars) (Dollarsj (Dollars) |{(Dollars) | (Dollars}
1 700 | 00 | 1000 1800
2 ' 700 120 565 1385
3 71k 11h 774 1602
L 700 70 500 1270
5 700 100 500 1300
8 125 145 Lo 200 510
7 175 10 160 345
8 | azs Lo 18k 3h9
9 108 70 200 378
10 129 150 120 300 695
11 110 135 0 112 357
12 350 100 195 6L5
13 ’ 385 35 85 _ 505
Range 108-71L 0-120 85-1000 345-1800

Aversge - 857
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Host farmers were not familiar with their insurance rates. Sev-
aral carried no insurance, Since very littls information was recsivad,
the customary flat 0.4 psr cent of the initial cost of the drying equip-
ment was used for insurance for survey farms, The following rates in
per cent of initisl investment in the drying equipment were used in de-
tarmining fiﬁed cosbs; interzst, 5 per cent; taxes, 2 per cent; and mein-
benance, .1 per eent. Fixed and variable cost dates for the 13 survey farms
are shown in Table 6,

Of the 13 survey farms only four farmers filled their storsge bins
to capzcity. Hight utilized more than 50 per cent of the capacity, and.
one usad less than 50 per cent.

Fixsd costs per bushel for the bushals dried ranged from 1.6 to 8.9
cents per bushel, The average fixed cost was 3.L ecents pér bushel for
the bushels dried, The Fixed Gost per bushel of the totsel capacity of .
the farms equipped for drying,‘and the fixed cost per bushel for the
bushals dried of the 13 survey Perms is shown in Table 7.1

If the total storage on the 13 farms sguipped for_drying had been
used to capacity and if total fixed costs had remained unchanged, the
fixed cost per bushel would have rangsd from 0.6 to 8.2 cents per bushel.
The average would heve bsen 2.3 cents per bushel.

Variable costs

Varizble costs in the study include only the electrical energy to
power the fen, Other varicble costs such as lesbor and repairs were of
such minor importance in 1954 thet no amount was ineluded to cover these

items, However, if fsrmers keep the records recommended on page 53 and

1 . : -
Thesz coazts sre dimited to direct drying costs only. They conbsin
no allowance for bins or other storage facilities.



Table 6 FIXED AND VARIABLE COST DATA OF 13 FPARKS DRYING WHEAT WITH UNHEATED AIR IN OKIAHOWA 1954

FIXED COSTS VARIABLE COSTS

Initiel Depreciation  lusurencs  1mgerest  IHXes  Heinbenance Tobal Cost of RElectrical

Woe cosk 30% Qe 82 2% Az & Fuel Energzy Used
1 1800 860400 : T+20 20,00 38400 18,00 811,20 290361
2 1385 277400 554 69425 27477 13.88 431,04 22450
3 1502 320,40 64l 80,10 3204 16,402 454497 40,001
4 1270 254,00 5,08 83450 25440 12,70 360468 19400
5 1300 260400 ’ 5420 66400 28400 13400 369,20 584501
8 510 102,400 2.04 25.50 10420 5410 144.84 80,00
7 345 €500 1.39 17428 6490 3445 0799 53460
8 349 62,80 1,40 17445 6.98 Se49 89412 5400
9 378 75460 1,51 18,80 7456 378 107435 18000
10 - 695 135,00 2,78 34475 13,90 6455 197,38 34,00
11 37 71640 1443 17.85 Tald 3457 101,39 8400
12 845 129,00 2.58 82,25 12,90 Ge45 183,18 9400
13 505 101,00 2,02 25425 10,10 5.05 143442 11400
Total 13,141 2 5227440 44458 557,08 222482 111,41 3,191.76 295496
Avaraga 857 171 34 3.43 42 .85 17;14 8457 245458 2247T

lElectrie meter abtbtached separate and total fuel costs balen from meter readings.

€2



FIXED COST FOR CAPACITY USKE OF STORaGHE EQUIPPED FOR
Tablse 7. DRYING, AND PER BUSHELS ACTUALLY DRIZD
I].\l OKULHOHD),, 195)4.

Fixed Cost

of Drying

Par Bushel for
Capacity Use of

Bushels Storage Total Storage Fixed Cost
No. of Capacity Equipped Bushels Fixed squipment Per Bushel
Farm _ For Drying Dried Costs For Drying . Dried in 195k
i ' ' B cents. " cents
1 17,600 16,000 511,20 2,90 3.2
2 Eva‘,Boo 8,80¢ 421,04 L.8 4.8
3 13,200 11,200 454,97 3.k ' h.l
I 14,1100 a;uac 360,68 8.2 | 8.2
5 10,600 105604 369.20 | 3.5 3.5
6 75200 '7,zoc 14k, 8k 2.0 2.0
7 iz,ooo 1,200 97.99 L9 - 8.2
8 3,000 | . 1,804 99.12 3.3 b 5.8
9 2,000 1,200 107.35 | 5.4 8.9
le 34,000 12,00¢ 197.38 0.6 1.6
11 15000 3,204 101.39 | 2,5 3.2
12 15,000 11,004 183.18 1.2 | C1.7
13 ' 18,000 | 11,5504 lhé.hz 0.8 3.1
Totals 139,800 93050 3191.76

Average Fixed Cost Per Bushel Dried 3.4 cents.
Renge 1.6 to 8,9 cents

Average Fixed Cost pﬁr Bushel assuming complete utilization of storage dnd
drying capacity and total costs as given, 2.3 cents

Range, assuming complete utilization, 8.6 to 8.2 cents
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genarally obasrvs the recommended operating procesdures for grain drying,
labor and meintenance costs will be incurred. The cost of fusl for the
one gasoline mobor reportad and for electricity for the other ferms were
taien from farmer estimetes. Varieble costs per bushsl of grsin dried‘in
1954 ars shown in Table 8., Varisble costs avaraged $22.77 with a range of
45.00 to §40.00, The varizble costs per bushal averagsd .32 cents with a
renge of ,18 to 2.8 cents psr bushel.

Totzl direet costs.

Potel eosts discussed hers ars the totzl fixed and variéblg Quélays
for drying enly znd do not in¢lude shrinksge cost, Table 2 shows thet costs
for the 13 drying units were 3.7 cents per bushel based upon & total volume
dried of 93,050 bushels. This 3.7 cents per bushel would be subject té in-
dividual varistions for alwost sny porticuler farm beczuse of the different
costs of the input factors. Total costs per bushel rangsd from 1.7 cents o
11,0 cents, Individusl farm cost data of 13 survey farms are shown in Table 10;

Total costs of drying grain for these 13 farms averaged,$268.29 with
& renge of $104.12 to #540.56. Of this amountAtct&l fixed costs wers 245,52
with & renge of &9¥7.99 to $511l. 20, aznd totel varisble costs of §22,77 with
a reage of $5.00 to #40.00. Of the total, fixed costs aversged 91.5 par
cent and variable costs averaged 8.5 per cent., Due to fevoreble weather
conditions for dryving grein in 1954, these figures may be out of propor-

tion to operating costs for sversge or usuzl weather conditions.

Variations in Prying Costs by Locstion and Size of 3torsge Capscity

The average costs of drying whest per bushel on the survey farms

grouped by volume dried in 1954 arz shown in Table 11,



VARIABLE COSTS PR BUSHEL WHEAT DRIED IN
Table 3.
E? TIHOW "'l
OKLAHOME, 195k

No. of Bushels Total Varisble Costs
Farm Drisd Varizble Costs per Bushel
_ cenbs
1 16,000 $29.36 | .18
2 8,000 : $22.50 .26
3 11,100 $40.00 .36
L b, 4OO $19.00 3
5 10,600 $38.50 .36
6 75200 $30.00 Nive
7 1,200 $33.60 2.80
B 1,800 $5.00 | .27
9 - 1,200 $18.00 1.501‘
10 12,000 | $3L.00 .28
11 3,200 - § 6,00 . | .19
12 11,000 +$9.00 .82
13 h,550 ~ é-@ll.OO 2.h2
Totals 93,050 $295.96
Average 7,158 $ 22.77 .32
Rangs per bushel .18-2,80

1.
Fu=l or powsr costs oanly.



PER BUSHEL COSTS OF 13 DRYING UNITS OPERATED

Table 9,
I8 195k
Bushels Fixed © Varisble Total Cost par ~
Ho, Uriad Costs Costs Costs Bushel
Dollars Dollars Dollers Cents
1 16,000 511,20 29.36 540,56 3.4
2 8,800 L21.0h 22.50 LL3.5h 5,07
3 11,100 L5k, 97 40,00 Lo, 97 4.5
L 1, 10O 360,68 19.00 379.68 8.6
5 10,600 369.20 38.50 407,70 3.8
6 79200 1hh. 8L 30.00 17h.8L 2.1
T 1,200 97.99 33.60 131,59 11.0
] 1,800 99.12 5.00 104,12 5.8
) 1,200 107.35 18,00 125,35 10.4 ;
10 12,000 197.38 34,00 231.38 1.9 ¢
11 3,200 101,39 6,00 107.39 3.h
12 11,000 183,18 9.00 192,18 1.7
13 L5550 143,42 11.00 15k, 42 3.4
Totgl 93,050 3,191,76 295,96 3,L87,72 -
Average 7,158 2h5.52 22,77 268,29 3.7
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Tabla 10 D

W

TRAT WETE

1

_Farn Wumber - 1 2 3 4. 5 4 7
A 4

Initial investmont¥dollars) 1,800 1,385 1,600 1,270 1,300 570 545
Year imstalled 1954 1954 1954 1964 1954 1954 1954
lotal Fized Cost (dollars) 511420 421,04 454,97 360458 369420 144,84 5799
Total Variable Cogt fd011‘r@ 29,36 22.50 40,00 16400 38,50 30,00 33,60
Total Cost (dollars 540,56 443,54 454297 379468 407,70 174,84 131459
Bushels Dried 16,000 8,800 11,100 4,400 10,600 74200 1,200
Moisture COﬂ%Gﬂb(Stﬁ‘t)p canss 15 15 18 18 14 17 17
Total Cost per Bushel Dud 5.0 445 846 348 Y ANA 11.0

Farm Number 8 92 10 11 12 13

Initial investmentidoilars ) 549 378 695 B57 6L5 505

Year installed 1954 19564 1954 1954 1954 1954

Total Fized Cost (dollarg 99,412 107,386 197438 101439 183418 143442

Total Vaeriable Cost (dollars) 5,00 18.00 34400 800 2,400 11,00

Total Cost (dollers) 104,12 125,35 231.38 107439 192418 154.42

Bushels Dried 1,800 1,200 1Z2,00n éba ao 11,000 4,500

Hoisture Combent(Start )% cents 15 13 18 13 17 15

Total Cost per Bushel 548 1044 1.9 3e4 1.7 B+l

1 .
. Because all units were new in 1854, tho deprecistaed value is the same as luitial investmenbe

88



Tsble 11, Average Costs of Drying Whest per Bushel on 13 Survey
Farms Grouped by Volume Dried in Oklahoms, 1954,

Yolume Range Ave, Volume hve, Cost
Group Bushals Humbar Bushels , per Bushel
I 1200-4,999.9 6 27253 “BR
II - 5,000-9,999.9 2 8,000 3.9
III 10,000~ or more 5 12,140 ‘ 3.7
Total Averagé | 13 7,158 3.7

Group I dried an sverage of 2725 bushels with a range in volume
from 1,200 to 43550 bushals. Aversge deying costs wsere 6.1 cents per
bushel. Costs in bhis group were rether high due to fixed costs. De-
pracistion znd interest were the lsrgest items of the fixed costs even
though the investment in equipment was about $230,00 below the aversge
for all fsrms,

Group Il dried an averags of §,000 bushels with a range of 7,200
to 8,800 bushels. Average drying cosbs were 3.9 cenbts per bushel. The
fixed cherge, as in Group I, was the largest item of cost. Deprecistion
gnd interest were also the largest fixed cost items.

Drying an average of 12,1L0 bushels, Group iII had & range of 10,600
to 16,000 bushels., Aversge drying costs of 3.7 cents per busheal were the
lowsst of the three groups. Hven in this group with higher volume, the
fixed cost per bushel dried was high. Dgpreciation and'interest wers

again the largest costs in the fixed items.
" Relationship of Drying Costs to Location

Tables 12 snd 13 show drying cost data for individusl survey farms



Table 12,

PER BUSHEL COSTS CFEIGHT DRYING UNITS IN 22

OKLEHO¥A, 1954

STERY

302,98

Bushels Fixed Variabls Total Costs per

No, Drisd Cogts Costs Costs Bushel
Dollars Dollars Dollers Cents

i 16,000 511,20 29.36 5L0.56 3.k
2 84 600 21,0k 22,50 Ll3.50h 5.0
3 11,100 L5k, 97 1000 Lok, 97 b.s
i L, 100 360,66 19,00 379.68 8.6
5 10,600 369.20 38.50 407.70 3.&1
7 1,200 97.99 33.60 131.59 11.0
9 1,200 107.3% 18,00 125,35 10.4
11 3,200 101,39 6,00 107.39 3.4
Totals 56500 2,423.82 206,96 2,630, 78 —
average 7073 25.87 328.65 L.6
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Table 13.

PER BUSHEL GOST OF FIVE DRYING UHITS 1N WESTERN

OKLAHOMA, 1954

Bushels Fixed Varieble Total Costs per

No. Oried Costs Costs Costs Bushel

| Dollers Dollers Dollars Cants

6 7,200 1hh.8y - 30.00 174.8L4 2.0

8 1,800 99,12 5.00 10L.12 5.8
10 12,000 197.38 34.00 231.88 1.9
12 11,000 183.18 9.00 192.18 1.7
13 1,550 | 1h3.k2 11,00 | 15h.L2 3.4
Totzls 36,550 767.94 89.00 856.94 —
Average 75310 153.59 17.80 171.39 2.3
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in Aasteras Oklzhoma znd Westarn (klahoma. Bight of the farms are located
in Bastern Oklshome eand five are loceted in Western Oklahoma,
Total per bushel cost, exclusive of shrinksge costs, in Bsstern

the costs in Westearn Oklshoma,

Q

raszt &s war

®

Cklzhoma weres two times &as 2

g

(Se2 Tables 12 and 13.)
The difference in c¢ost per bushel appesrs to be in the large capi-

tal investment in drying squipmeni, These investments ars greaster in

e
e}

sastern Oklzhoma, The difference in capital investment betwe=n these
two areas may be & reflection of the differsnces in farmers' exp=ctations
concerning the problems of on-fsrm storage.

Weather condibions in 1954 were favorable, both in Fastern and
Western Oklshoma, for grzin storsge on the ferm, Ureater variation in
per bushel cost may be gnticipated between these two aress during seasons
wore ne:rly normal bo Oklzhome elimetie conditions, Based on thisassunmp-
tion the difference in opesrsiting costs and/orhgrain conditicning costs
between these two sreas 1s likely to be much grester thén this study in-
dicates,

Farmers in Eastera Oklshoma all gave the following ressons for
installing their drying equipmanﬁ: (1) to protect tha quelity of the
grain, (2) lack of commercial storsge space, and (3) to be eligibls for
the government price programs, Farmers in Wesbern Oklahomz were also
concerned about the reasons listed above, but indicsted other rsasons
for instslling their drving units. Soms of these rzasons wers: (1) to

void a "dock! st the elevator, (2) to avoid delay in unloeding at ths

£

elavator, and {3) to purchase high moisture grain from other farmers for

use as livestock fsed,
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Shrinkage as an Indir=et Cost of Drying Whest

Shrinkege cost par bushel depends on the amount of moisture re-
movad, the numbear of bushels dried, and the price of the wheat, and may
amount to mors thzn the ditasct cost of drying.

The greatar the emount of moisture, the grester is shrinkege cost
and, therafore, total drying cost. The shrinkage cost will also vary
with the price of tha whest, Figure § shows shrinkege costs, teking ine-
to account the effset of price snd the amount of moisture to bz removed,
This Figure points up the influence of price on shrinkage cost.

The moisture content of the wheat dfied on the farms covared in
this study aversged 15.8 pesr cent at the time the wheat was placed in
storage, It was egssumed that the wheat was dried until the moisture
content was raducad to 12.5 per eent, the maximum allowable for sefe
storzge on the farm in Oklahoma.v L few farmers driad their grein below
the lZ.S‘level.

Drying wheat from 15.8 pér cent moisturs to 12.5 per cent moisture
" brought about = decrzsse in waight of 4.3 per cent. This reduction in

weight was obbtained by the following formulasl

8h.2 X 100
100 - oh + .5

87.5

The 84.2 figure was the pereentage of dry metter before drying and
the 87.5 figure was the parcentage of dry metter after drying. The 0.5

figure was the estimated percentage of invisible loss, such as dust and

1. . . . e ; . .
Reduction in weight can slso be obtained by an interpolation of
inery Table Szaries 5, Shrinkage Cost of Drying Grein, T. E. Minzry, Jr.
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Figure 7. COST OF SHRINKAGE FOR WHEAT DRIED FROM VARIQUS MOISTURE
Cents CONTENT TO 12,5 PER CENT AT DIFFERENT MARKET PRICES

Average Moisture of
Wheat Dried in 1954
15.8

PRICE OF WHEAT (BU.)

2.50

| 1 ) ] } l

12 12,5 13 14 15 15.8 156 17 18 19 20

PER CENT MOISTURE CONTENT

e
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foreign msterial blowm out of the whesat by the.large volume of air cir-
culeted. Solution of this squation gave h;3 par cent decresse in welght
of the grein., This 4.3 per cent multiplied by the price of Numbsr 1
Wheat (82.25 X .0L3) gsve a shrinkage cost of 9,7 cents per bushel as
illustrated in Figure 7. |

No attempt was mede in this study to compsere shrinkage costs in
Bagtern Oklehoma with shrinkzpe costs in W@stern Oklahoma, Weabher con-
ditions for storing grain on the farm during 1954 were unusually favorable
in Ezstern &s well as Western Oklahome. Generslly, howaver, rainfall and
humridity cenditions are higher 'in Bastern Oklahoma thén in other parts of
the state. Higher shrinkage césts may be expﬁctedAin.Eastern Uklahoms
than in Western Oklshoma under these conditions.

Further research is needed in this srea to determine more securately

effzacts of the differences of these climatic conditions on shrinksgs costs,
Heonomic Feesibility Under Present Qpsrating Conditions

Total fixed and variable costs of 3.7 cents pér bushel plus 9.7
cents per bushel shrinkege cost aquallgd 13.4 cenﬁs a bushel, Overail
discount of & cents per bushal to the farmer for his whest (as showm in
Teblae 1 for 15.8 per cent moisturs content) st the alevetor included
shrinkage, cost of drying if dﬁied, and & risk charg= for hendling the
high.moisturs whast,

The differsnce of 13.l cents per bushel when artificizlly dried
on the farm with unhssted sir, as compsred with U cents par'ﬁusﬂel di g~
count in price at the elevator, rsises serious doubt sbout the practics-

bility of drying grain on the farm, A summery of cost and obher infor-



36

métion on the 13 survey farms appesrs in Table 1L, However, it is diffi-~
cult to conclude that drying is or is Qot profitsble on thess survey farms.
Zzch farmer hes his own costs of drying snd his own direcﬁ and indirect
returns from drying depending upon his operasting conditions and alterna-
tivevstorage opportunitiss, All the farmers su:V@yad sald thsy intended
to keap on drying grain; This indicates thet each farmer theught drying
was z desirable sctivity on his farm.

Tﬁe mejority §f the fermers surveyéd indicated that thzy installed
on~-the-fzrm drying either to protect their grazin or to be eligible for
government price support loasns, In addition, com&ereial storags was crit—
iczlly short in Okl&hema‘in l95h. Soma fafmers s0ld their wheat at harvest
bescause they did not have on-farm storage or diq not wish to sssume the
storage risk. Government loen support prices on wheet in 195} aversged
$2.25 par bushel for Number 1 Whest stored on the ferm. The market price
of whaet dropped as low és $..85 per bushsl during harvest., Some of the
farmers who used dryers no doubt would have besn foreced to sell at a
lower price had thay not provided on—fafé storzge,

Barliar harvest, as it affects field lossss, & mors flexible crop-
ping program, higher quality of grein for storage, and insurance sgeinst
risk of losing the antire crop in an extremely wst ssason were advantages
frequently attributed to drying. It is difficult to place a monetary valus
on thess items because the value waries with each farm situation and
year-to-year variztions in weathear conditions.

In any hervest dituastion, some fiesld losses will occur, Ths amount
of the loss will be affscited by w2ether conditions prior to hervest and
at the tire of harvesting. It is difficult to arrive at a value which

might be placed on field losses prevented by installation of drying equip-



Table 1L

5

SUMMARY OF SSLECTED ITEMS OF DRYING INSTALLATION

AND OPERATION ON 13 SURVEY FaR¥S IN OKLAHOHa, 195k
Mumber of farms | 13

feres per farm

Range : 5L0-T000

Average ; : v1552.
Tillable Acres per farm

Hange 100-1300

Lvarage - : _ - T62

Wheat acreage par farm , FE
Range - 0~-750
Average 762

Bushels dried ; . ;
Range 1200-16,000

Average ' 7158
Par cent molsture per buskel i LT

Range : 13-18

Average : 15,8
Fixed cost per farm o

Renge ' - §97.99~-$511.20

Aversge A $215.52
Variable cost per farm

Range ‘ #5.00-540.00

Avarage ‘ : 822,77
Cost per bushel (cents)

Rangs : 1.7-11.0

Average 3.7
Avarage shrinkage cost par bushel (cents) 9.7

Avarage total costs per bushel including .
shrinkage (cents ) _ 13.h
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ment.

Prasumsbly, if harvesting at an eazrlisr date and drying the grain
would make possible the production of soybsan or vegetéble crops in reoba-
tion, then the value of owning drying equipment wouid be the net resturns
of soybeans or vegetagbles added to whest, less bthe cost of drying the
wheat.,

No attempt was made tc place a monestery value on the value of dry-
ing equipment as insurence sgainst & complete loss in wst y=sars, or any
bf the other ﬁumerous:reasons not alrasdy discussed wﬁich wera mentionad
on page 32 in answar ﬁo the question asked individusl farmers, "For what

reeson did you install drying squipment on your farm?®



CHAPTER IV
PHYSICAL FACTORS IN SAFE GRAIN STORAGE

The previous chapter was an attempt to svaluste the importsnt econ-
omic considarztioms in the adoption and use of grain drying squipmant
as found on Oklazhomz farms in 1954. Gosts, both fixed and variable,
have been anaslyszed snd evslustad. It must b= remembered, howsver, that
these operztions znd costs were assoelzted in large pzart with the most
desirable weather conditions for drying grain that might be sxpected in»
any given yesr in Oklshoma. Msny of the operators interviewsd wsre not
wars of the conditions and limitstions of drying their grain prior o
their purchase of such squipment, Furthermors, the weather conditions.
in 1954 were so favorsble that operators ware not foreed to give conside-
erztion to what minimum physical conditions might be required for drying
grain for safes storage. The size of farms studied suggests thet they
ware probablyllérge snough to assume the economic'risk of pionearing with
grain drying equipment, For smell fsrmers the risk of impairment to
their finencisl position from such pioneering would be relstively graat-
2r, The coincidence of good we&thér and good drying conditions might
mislesd the farmers who utilized such equipment in 195L as wall zs neigh-
boring farmers who might heve been impressed by the results of such dry-
ing operstions undsr such fevorsble conditions.

This chapter is sn sttempt to clerify some of the physiczl phenomena

associzted with drying grain under usual (not optiﬁﬁﬁ) waather conditions
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in Oklszhoma. The economic analysis in this study’suggests that for 1954
fermers would have benefited finaneially by storing their grain in sle-
vators, Howaver, it is recognized that many factors were not taken into
vconsideration in this study. Among ths factors omitted were:

1. The fact thabt upon occasion f:irmers cannot find slesvztor stor-
age even for acespbzble moisture lavel whest. (14 %.)

2. Whest harvested at higher than the minimum aceeptszble lavel
must be reduced to the safe storags 1ével by some me2ans to be
accapted at locel elevators.,

3. This repressnts only the first yesr of oparation on the part
of the operstors and it is possibla that they did waot make
optimum use of their squipment.

L. Changes in price reletionships could possibly change the
relative profitability of storage on farms with drying
equpiment end in elsvators,

“In spite of the eppsrent dissdvantages of on-farm drying as com-
pared with commercisl storzgze,there may be maay farmers who still f=el
that, it is in their best interest to have grein drying squipment on
thelr lodividusl ferms. For such farmers, an understanding of the physi-

cal rsquirements far deying grain should reduce the chance of loss.
Conditions for Safe Storage

There are five important factors to consider as conditions for ssfe
grain storasge. These are as follows:
1. Moisture content of the grain.

2. Temperaturs of the grain.



3. Cracked grains end foresign meterials or trash.
L. Insects.

5. age of the grain.
Moisture

In Oklshomz, low molsturs conbent of the grain is one of the priﬁ-
cipal factors in safe storége. It is usually impracticable to attain;
a level of moisture content sufficizantly low to completsly stop 2ll kinds
of deterioration, but it is widely recogniz=d that certsin lesvels of
moisturs content are more or less "safe" for storage. The safe levels
of molsture content vary according to the conditions and duration of
storage, but there is fairly generzl sgresment, based on past experiences,
on whst levels ars safe in perticulsr circumstances., In Oklsghoma, the
following are gensrally considered relatively safe levels of meisture con-

tent for the storsge of several kinds of grazins in farm-type bins for a

period of one year:l
Kind of Orein foisture Content
(2 wet basis)
CFhest _ 12,5
Oats : 11.8
Barley : 12.1
Corn ' : 12.9
Sorghum 12.0
Soybmans . 9.7
Flaxssad 1.9

For grains stored ss seed stock, or for long-time storage, from

three to five yesrs, the moisturs lavel should bz 2 per cant lower.

lD. A. Col=men snd H. C. E@llows; Hygroscopic Moisture in Careal
Grains, Ceresl Chemistry 2:275-287 (192%)
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foisture lavels not in excess of those mentioned above are desired.,
Further, no portion of the grain in bulk, from the storage stage through
the markebing chennels, should contzin a moisture content higher then
thie level cited..

Avargge moisture eontent sometimes does not give a true picture of
moisture distribution in bulk stored grain. In @ bin with an average
moisture content of 13 per cent, it has been found that some of thz grain
mey test as high as 18 per cent. Also there is considerable shifting of
the moisture, especially if differsnt portions of the bulk arz at diffarént
temperabures orAif the grain has gone into storage at fairly high tempera-
tures. DBroadly speaking, the storage life of & bulk of grain is determiﬁ-
ed by its dampest part.l

Wn=2at can be stored in some of the Northern Plains Stetes with a
moisture content about 2 per cent higher than in Oklahoma bec:zuse the
mean air temperature is aebout 10° F lowear during the summer.

Chemicsl chengas are continually tsaking place in all grain regard-
less of how it is stored. A primsry objsctive in the storsge of grain,
in addition to economic considergbtions, should be to control conditions,
wherever practicable, so that the original quality of the grain is main-
tzined or the deteriorative changes are held at a minimum. How grain
is hendled befors storege is most importent, If it has debtaeriorsted in
quality beesuse it has been stored with toc high moisture content, or

if demsged by westher conditions,ils prime condilbion can never bs restored.

1e. F. Kelly, B. M. Stahl, S. C. Salmon, and R, H. Black, Wheat
Storage in Ixperimental Ferm Type Bins, (United States Depsrtment of
Agriculture, Circular No. 637, Washington, D. C., April, 1942.)
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the ralative humidity is as low as

Whest containing 12,5 per cent moisturs at room tompsrature

(approximately 77% is surrounded with &ir having g welative humidity of

&0 per cent.l At this low relstive humidity level, wmelds may take monbths

or even years to devalop.

‘Hlgration of moisture from the warmer grainm in

 the center of the

bulk tc that in the cooler surfsce lsyer dirsctly above has besa ob-

servaed in the 211, This condition occurs

L o s 2
end top lsyers cool fasber than the grain in the csntar of Lhe obin.

late fall, for exampie, temparsbures of
may be 20° ¥ bigher than bhose nszar the
in temperature causes & circulstion of &ir
and sattles

pext Lo thez ocutside wgll cools

the center whers it tskes the place of the
warm column of alr passes through the cool
cenber of the bin, some of its moisture is
virtue of the grazter azter vapor pressure

thet of the grain. This transfer may loncrea

1,

Americasn Associsbicn of Cereal Chemists, Storage of

during the fgll as the outer
in
grain in the center of thse bin

This difference
the bulk of grainm. 4ir
2 floor and moves towsrd
rising warmer air. As the
surfzee layer of grein in bthe
transf@rrad to the grsin by
in the sir ss com parad with

the moisture content of

Ceregl (rains

and Thelir Products, Monogram Series, Vel. 1L, p. 405.

“fbid, pp. 326, 327.
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the grain by L to 6 per cent in the upper 10 inch leyer of grain, The
@eeper the bin and the higher the wolsture content of the grain, the
greatgr the surfsce molsturs sccumulation will be,

"Sick" whest is & vexing problem to the grein trade, The studies
which have beoen reportéd indicete that "sick” whest may be the end ressult
of any one of severzl different processes, or combinastions of them, If
the seed is storzad moist, or if it becomes moist in storage, funzi {and
samatiﬁes bacteria) invade and kill the embrycw and socn zfter desth it
turns brown. The embryos of ssed stored under atmospherss of carbon di-
oxide or nitrogen at moisturs contents of 18-20 per cent die end turn
brown in the epperent sbsence of zctive growbth of microorgasnisms. The
germs of seed stored dry for y&aré graduslly dis snd turn brown. The}
nature of this pligmentation remains to be determined. &t the present,
howsver, the aveilable evidencs indicates that fungl are major cause of
of the "sick® wheszi condition.l

The molsturs conbent of grain is also an important fsctor in the
activity of insects. When the moisturs content is as low as 9 per cent
in wheat, most of the dastructive insscts become inactive,

Perhaps the sismplest step taken to contrel the spollsge of grain in
storsge is turning the grzin or drying the graio with 2 forced dreft of
unheated air, This may give gooed results if the grain is aot very much
zbove thz molsture 1avals‘for rsafe” storzge (12.5 per cent moisture con-
tent for wheat) to start with, end if the relative humidity of the air is
in the safe ares or not in axcess of 60 per csnb.

Chemicals to inhibit mold growth or chemicsl drying agents have

ivid., p. 212,

i
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been investigated to some extent. These show some promise over a short

storage pariod.
Temparature

Temperaturs 13 another isportant factor in the storage of grain,
When grains in storage ara cool, there is less likelihood of spoilage.
Low tewmpsrature offgets the effects of high moisture with raspect to the
hegards of mold growth and insect development, Hence, grains in cooler
climetes may be storsd safely at molsture levals 1 or 2 psrcentage points
higher then in warmer climetes. A notieeable rise in tempzrature may
be the rasult of ﬁéétingand”evidence of grein spoilage.  Molds cean hest
grain to a bemparature of at lzast 122° to 13é°F.. Terperatures as high
as lh2° I have been reported to be crused by mola growth, Bacteriz can
grow at temperatures thet ares too high for molds, and have been reported
to hest storsd grain to s tmmperature zs high as 155 ° to 1590 F, Tempera-
tures of 550 to 60° F seem to be the bragking point for all three of the
life processes in the storage of grein, nemely, (1) respiration of the .
grain, (2) respirstion of molds, baecteria, znd fungi, and (3) inssects.
lorsover, the recent and repld adoption of msthods of cooling storad
grain by mechanical ventilation meskes i1t possible to extend sppreciably
the safe storage period of high molstures grains, 38afe opsrating conditioné

for coocling wheet (12 per cent moisture) are shown on Figure 7.,
Crecked Grein and Foreign iaterial

Cracked grain end foraign materials in excessive amounts ars also



Figure 7. SAFE OPERATING CONDITICHS FOR COOLING
Alr WHEAT (12% MOISTURE)
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considerad to be importaent faetors in grain storage. They provide favorzble « -
conditicns for the development of tha "non-boring! type 6f storsd grein
insz2ets known as bran or fungus bszetless., Thes2 insects do not deavelop
readily‘in cl=an groin bub feed primerily on graein dust, broken kernsls,
and molds. [oreover, it is extremely difficult to fumigeie grain which
hes a high percentegs of cracked grain, broken kernels, and forsign ma-

terisls.
Insacts

Insects msy be an added causs of grain spoilege., Even a few in-
szcbs concenbrated in & pocket in the grain csn heot thet arss consider-
&bly. The hest which they produce provides a suitsble clinate for the&
and stbracts other insscts to join them because of the moderste tempera-
ture, in sddition to esusing the grain to spoil, some stored grain in-
sects feed upon the grain kernsls causing loss in weight of the grein
as well as demege to the grain, When the respirabion of the growing
insect colony inersases the temparature so much that they becoms uncom-
fortazble, thay move oul to the edge, forming an sver-incressing circuler

Zone of hezting.

e

ge of Grein

The age of the grain is &« faetor in safs storage for long periods
of time, Hesearch has been done with grsins concerning the length of
tire they may be stored znd maintain germinsbility. Kanred wheat, stored

in & dry unheated room at Fort Collins, Colorzdo, germinsted after g
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pariod of 22 years.l In an snonymous publication in Coleorsdo A & M
New82 the following gsrminabilities after storage for the indiczted period>;£
in a dry, unheated;y farm typs storage st Fort Collins, Colorado, is re-
ported; Harquis, Kanrad, Kubanka whest average 10,k per cent after 27

YRETS; bafley varietiss, averszge over 25 per cent after 28 yssrs; corn,
16 per cenb after 26 years; Rosen rye, 5.6 per cent after 15 years; and
Black Amber Sorghum, 92.8 per cent after 23_y§ars. It is stated in the
abstract that most seads show a sharp decline in germinability after the

tenth yesr of storage.
Recommendad Operating. Procedures

Tests have been conducted st the United States Department of Agri;
culture Station, Beevills, Texas, sincé 19h9‘to determine the practica-
bilivty of drying and storing sorghum grains on the farm in south Texas.
The following recommendaztions are based on these tests as they apply to
the use of unhezted zir for drying whsat, and its storzge on the farm,
Since the conditions for greiun sorghums drying is similsr to conditions
found iﬁ drving whest, practical procedures can be obteined from these
tasts, Climastic conditions are also similar in many respects, These re-

cormendations may be followad as & gulds and mey b2z changed as edditional

1c. ¢. Fifield snd D. . Robertson, Mfilling, Baking, and Chemical
Propertiss of Marquis snd Kanrzd Yhest Grown in Colorado snd Stored 1
to 22 Yeers." fgronowmy Journel of the American Society of Agronomy, Vol.
37, N02 3, pp. 233-239, (1945).

Seed Gragins sre Tested for Longevity, Colorado &4 & ¥ News, Vol, 6,
Fo. 7, Vol. 5, (1951). ' :

Biological Abstracts, Vol. 26, 11470, (1952).

d. W. Sorensocn, Jr., G. L. Kline, and L. ¥. Redlinger, Drying and
Storing Sorghum Grain in Ferm Storzge Bins in 3outth Texas, Progress Re-
port 1685, Agriculbural and Mecheniczal College of Texas Experiment Station,
College Station, Texas (May, 195L).




results sre obteinsd Dn drying whest with unheated air in Oklshome.
Bafore Drying

Do not attempt to dry wheat that contains excessive smounts of
foreign material or "trash". This materisl sccumulsztes in pockets, asuses
air to channel, prevents free air eirculation, and resulbs in musty and
heat-demaged grain, Proper sdjustment of combines at the time of harvest
will reduce the azmount of foreign msterisl or "trash",

Fill the drying bin to & depth of not over 8§ feet with grein con-
taining not more than 18 per cent molsture. As the bin is filled, dis~
tribube the grain evenly to prevent crecked grain snd forsign materisl
from accumulating in spots.

Select drying equipment thet will provide a2 minimum air-flow rate
of 2,0 cubic fest per minute per bushel (3.5 cfm par 100 pounds), with a
racommended rate of 2,5 cfm par bushel (4.5 cfm psr 100 pounds).

Informztion required by fan manufacturers in selecting fens for dry-
ing include the total air volume and the ststic pressure requirsments.
Stetic pressures required to develop sir-flow rates of 2.0 and 2.5 cim

per bushel zrs:

Alr-flow rate Static prassure,
per bushel, Greain depth, inches waler
cfm fast column
2.0 6 1.3
2.0 ] 2.3
2.5 6 1.7
2.5 8 2.8

,LIncludes an estimsted 0.25 inch pressure drop in duct systam.
Toring Drying

Start the fan as soon a2s the air distribution gystem is uniformly



coverad with grain. Push air through the grain continuously until the
moisture content of the top foot of grain is rsduced to about 15 per cent.
Then reverse the position of the fan and pull air down through the grain
until the moisture content is not more than 123 per cent in any part of
the bin. During the drying period when air is pulled through the grain,
operste the fan only when the relstive humidity is 75 per cent or lsss
(usually during dzylight on clezr bright days).

Teke samples of grein for moisture content at least twice a week dur-
ing the drying operstion. The bin should be probed at intervels of not
more than 6 f=et over the surfsce of the grain end semples drawn from
three levels as follows; bottom foot, eenter foot (halfway betwsen bot-
tom end top) and top foot., The grain from each level should be thoroughly
mixed and a moisture check made for sach level,

Check grain temperatures at least twice a week., This may be done by
forcing 1/8 inch metal pipes at 6 to 8 foot intervsls the full depth of the
grain end leaving them in the grain throughout the storage period. Tem-
perature- checks for warm spobts can be mede as the pipes ars pulled out of
the grain. If the pipes are warm to the touch it may indicate hesting.

Low grain tempsratures during drying do not always insurs that the
grain is in good condition during the drying period. Thersfores, samples
obtained for moistura contsnt should be checked for mold growth,

Uniform distribution of air throughout the bin is essential for a
successful job of drying. Kesp operation rscords on fan operation, grain

temperetures, snd moisture content of =ach bin,

After Drying

Once the grain is consider=sd safe for storage, the temperature of

50



the grain during storage is 2z good indication of its condition. The
tempersture should be checked zt lsast once & week during warm westher
snd every two weeks during the winter, Observations also should be made
for insect activity, especizlly in high temperature aress. Full depth
probe samples should bes tsken monthly in 2ll perts of the bin to deter-
mine inseet population.

When grain is artificially dried with heated air, or when field
dried and loaded into the bin difect from thélfield, pull air through
the grain as soon ss possible after the bin is filled to cool the grain
to as near aversge abmospherie temperebture ss possible. Further aera-
tion during the summer ususlly is not neeessary unless nzeded to elimi-
nszte "hot spogs“ that mey develop. Operate the fan during these periods
only when the relative humidity is b=low 80 per cent. When cool weather
starts, aerate esach bin as often as necessary to cool the grain to as
nesr average abmospherie temperature as possiﬁle. During ecool weathey,
start the fan when the outside temperature is 10° ¥ or mors below the
aversge grein tempersture, and the outside relstive humidity is 80 per
cent or less, Continue asrstion until the asverspge grain temperszture and
the outside air temperature aré about the same, One thermometer should
be placed betwsen the fen and the bin and another on the outside to de—
termine when the gir legving the grain and the outside airvare approach-
ing the seme temperzture, OCperate the fen to pull air through the grain
during pe?iods of seration. The fan>should not pe operazted during rain
or fog.

Check the moisture conteut and condition of the grain st least
once g month during the storage period. Separste chascks should be made

st the bobtom, center and top foot of the grain.

51
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Records

Previous mention has b2en made about the importance of maintaining
records of the grsin drying operation. Figure 8 is suggested as a form
suitzble for keeping such records. One of the survey farms, operasted by
Mr, Spencer Littlefield, Spiro, Oklahoma, maintained such & rascord of
his grein drying opsraticns in 1954, Mr, Littlefield stzted that keep-
ing a record as providesd by this form was helpful to the propsr opera-
tion of his grein dryer. Since this was a single racord, no long time
answars could be provided by one year's operation., However, Mr. Little-
field stated, "Everyone operating an on-farm dryer should kesp such a
record. It helps me to know what's happening to my grain." As addi-
tional number of farms provide records of their operations, more detail-
ed and accurate information will be availsble on grain drying in Okla-

homa as represented by average storasge and w2sther conditions.
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Figure 8 STUDIES ON FARM GRAIN STORAGE

County Name of Fermer Address
Bins and Equipment
BIN NO. (Use separate record sheet for each bin)

Beginning of Study: Date

{1) Date bin loaded (2) Kind of grain (3) Woe of grain

(4) Depth of grain Im bin (5) Per cent of moisbture
End of Study: Date '

(I WE. of grain {2 ) Per cent of moisture (3)Total hrs. fan operastion

Record Informstion
~Grein Temperature*i?ér cent moisture Other Bins Reme.rks
Fan Operation Level in bin Level in bin Scutside - in Operatio* (use back of

DateTime ony lime olf] Hrs} & b ¢ ) b c Templ HUMiqity sheet if needed)

lReadings at beginning of day before fans are started.
. 2g-Near bottom; b-Middle; c-Near top.
“Local weather bureau, if available,

g



CHAPTER V
éummary and Conclusions

The primsry objective of this study was to determine the esconomie
feasibility of on-the-fsrm drying of wheat with unb=ated air on Oklezhome
farms. The secondary objective wss Yo examine the physical conditions
requisite to on~the<farm drying and tc recommend operating prodedures,
based on resesrch tests.

Because commercial storage wes criticslly short in supply in 195k,
some farmers -elected to store their grain on the farm. Storing whest on
the farm in Oklahoma involves considersble risk of spoilage. In some
seasons rainfall, humidity, znd temperature eonditions during harvest
cre2ate o problem of storing wheet containing g high psrcentsge of mois-
turs,

Artifieial drying of wheat with unheated sir is one possible solu-
tion to the problem of mcisture in the storage of wheat on the farm.

Oklahoma fzrmers do not have cost datz on drying grain with unheat-
ed &ir under Oklzhomas conditions, Generally thay have limited knowledge
of the reasons why grain spoils in storezge., Practical opsrating pfocedures
for on-ferm drying units are not generally known by farmers, For the suc~
cessful opsration of on-farm dryers using unhested air, it is important
for the farmer to bs aware of the csuses of grain spoilage, the practical
operating procedurss, and the economic feasibility of on-fzrm drying oper—
atlions,

.In 195k, 17 farms located in Oklahoms were equipped to dry grain.

5k
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Ona farm used srtificially hected 2ir for drying and wes discarded from
the study beceuse it was the only installeation of its kind in operation.
The obther 16 units werz designed for the use of unhssted air. Three
fzrms did not complete their drying instaellations in time for the 1954
harvest and, therafors, were nobt usad in this study.

Th2 remaining 13 ferms ware visited snd deteiled informetion was
obtsined from the opsrators concerning the drying instzllations and their
operation, The farms wers relstively large units., The zversge total
acres par farm was 1,5552 acres of which an aversge of 762 scres were undém
cultivation. The averages whaat scraage wes 26& scres. Allotments wer
complisd with on all 13 fsrms.
| Principal racsons given for instelling grain drying spuipment were:
(1) to pravent swollszge of the grain, (2) to ba eliginle fer governmant
whest lowns, aad {3) to permit esrlier hsrvest of thes grein in order to
provent fi=ld losses snd mezke possible more flexible cropping programs.

.

Total average storsge cepacity of the 13 units equippad for drying

wes 11,200 bushels. The avarsge initial investment in the drying equip-

ment, exclusive of grain bins, wes $857. Totel fixed costs zverasged

$2h5,52 per yesr essuwing the units would be fully depreciasted in five

£

yaers, Depreciztion wes the lerzest fixed cost and amounted to 91.5 per

cent of ths total costs, Variable costs averaged $22.77 per year.

Fixad cosbts per bushel on the grein dried in 1954 averzged 3.4 cenis.
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Undey the zbova total fixed cost conditions these cost
raduced to an sverage of 2.3 cents per bushel if the aveilsble storage had
baan used to czpacity. Verlsble costs aversged .32 cents per bushal,

Cn 6 survey farms equipped for drying and heving storege capacities

of 1,200 to }4,999.9 bush=ls, the svarsge fixed znd varizble costs for dry-
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ing smounted to 6.1 cents per bushel compared with 3.9 cents per bushel
on 2 ferms having storsgs capacities of 5,000 to 9,999.9 bushels and
3.7 cents on 5 farms with storege cepecity of 10,000 bushels or mors.

Operating costs of 4.6 cents per bushel dried on fzrms opsrating
drying units in Eastern Oklshoma ware doubles those of 2,3 cents on farms
in Western Oklshoms despite favorabls grain storage conditions in &ll
sections of the state in 195k,

Shrinkege, an indirect cost of drying whest, average 9.7 cents per
bushel on the 13 fzrms studied, The average moistures content on these
farms was 15.8 per cent, All farms atbtempted to dry their grsin to 12.5
per cent moisture content or below, The differsnce betwe=n 15,8 psr cent
end 12,5 per cent moisture content was used as & conservative basis for
arriving et shrinkege costs. This indirasct cost represented almost 75
per ceant of the totel cost of 13.4 cents per bushel,

The difference betwesn 13.4 cents per bushel when artificislly
dried on the farm with unhested air, &s compered with 8 cents per bushel
discount in price at the elsvator for undried grein, rsises serious doubt
gbout, the profitebility of drying grain on the farm, However, in spite
of these findings, it is difficult to conclude that drying is definitely
ﬁét-daéirable on these survey farms. Considerztions other than those
evalucted in this study wers recogmized by thes farmers operzting these
drying units, In some ceses it is difficult to place monetary values on
these items, Thess considerations, somes of which have alrazdy been cited,
were: (1) to protect the quality of the grain, (2) to be =ligible for gov-
ernment price support loans, (3) to insurs sgezinst the shortage of com-
mercial storage, (L) to hold the grain for sesssonsl price rises, (5) to
re duce fisld losses by esrlier hervest,snd (6) to permit & more flsxible

cropping program.



o) compariéon of shrinkags costs in Rastern Oklszhoma and.@éstgrn Okla-
homa were mede in this study, ilowsver, bgcause rainfall and}humidity'are
usually higher in Bastern than in Western Oklahoma, it may be assumed that
these costs will ncrmally’be highsr in Hastern Oklzhoma.

There are five important factors to consider &s eonditions fér safe
grzin storags. Th2se are as follows: (1) moisturs content of the grain,
(2) tempersture of the grain, (3) the presence of creacksd grains znd for-
2ign meterisls or trash, (L) insscts, znd (5) sge of the grain.

Under Oklzhoms climatic conditions, wheal containing moisture in ex-
cess of 12.5 per cent is considered unsafe for storage. Temperaturas in
Oklahoma, during hsrvest and for several months theraafter, sre usuaslly
high eﬁough to be fevorable for mold growth, This mold growth is gensral-
1y the principal cause of grain spoilsgs. Crscked grain snd foreign me-~
terial.ara glso favorsble for‘mold growbth end inssct damags,

Ins=cts are an ad&ed cguse of grain spoilage and the zge of the g
grein becomes & factor in spoilage if the storage extends over = long per-
iod of time.

Hesearch has been cited which provides the basis for recommendaztions
of conditiﬁns desirable for the use of unhssted z2ir for drying znd storing
wheat on the farm. Basic operating procedures, bsfors, during, and after
drying, should be followed to operate unheated sir drycrs»successfully:
Racords would be helpful to provide a progress report of the grein drying
operation and condition of the grsin in storage. 4 form suiteble for keap-
ing such re¢ords was developed in the course of this study.

This study should be continued and expanded for the next several

years. As they ooerste their drying unlits, the experisnce of the survey
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farmers, and other farmers who may install on-farm drying eguipment, will
provide more accurate indications of the valus of such squipment in meab-
ing the problem of grain storsge in Oklehoma., Limitations on the adeguacy
of this study were imposzd by the fact that operating data were available
6nly for the year 1954, that unususally favorszble elimatic conditions for
storing grain on the ferm prevesiled, and that, as yet, only & fow farms

ars equipped for grein drying.
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APPENDIX A

Kugust 3, 1954

To A1l County Agents
Desar Agent:

Re: Orsin Aerstion or Drying Facilities

There has bzen for the past several ye:rs incrsased interest in
grain asration or grain drying, both on the farm and in country elevators.
These facilities have been installed in & number of counties in Oklahoma.

In order that we may leszrn more about the operations and locations
of the facilities in the state, please® send us & report on the following
questions.

1. There are (or are not) grain
numoer

aerating or drying faecilities in .
county

2. Thess facilities are on the farm [| or at s
country grain elesvator ]:] . Check vone or both,
It may be advisable to check these questicns with thes local ASC
County Office Manager sinee they may have made loans on thess facilities
or on grain stored in facilities having aerating or drying equipment.

We will sppreciate your report ss soon as convenient,

APPROVED: Very truly yours,
Shawnee Brown 4;§;géé5;?:L;:lx’/ﬁr' ‘
Director Extension Whest

Marketing Speciealist
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APPENDIX B

CONFIDENTIAL INFORMATION

ECONOMICS OF GRAIN AERATION AND GRAIN DRYING

Name of fermer

Address Locstion of farm
Total acres operated Acres Tillable Tenure
What grain storzge capacity do you have on the farm?

Date Grain No., of Size Type of Bin Capacity

Bldg. type BErected Stored Bins Bins Construction Bushels

ABRATION OR DRYER TYPE AND COST INFORMATION

3.

Is your equipment used for serastion or drying grain?

Types of aerzstor or dryer:

Portable Stationary
Direct Indirect

Gil Gas

Batch Bin

Heated Air Unhegted Air
Other Electric

Mzke of asrestor or dryer Model

What is the method you use to distribute the drying air?

False perforated floor Duct system Horizontal _ Vertical

. Other
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5. When did you install your asrator or drysr? 19 _  How many of the
yeers have you used the serztor or dryer? yrs, Havs you oper-
ated it e&ch year since it was installed? Yes No.

If no, explain

6., What was the cost of your aerstor or dryer installed and resdy for use?

Cost if homemade
Component part New Used Cost if bought Labor (Hrs) Materials

Blower
Motors
Burner Unit
Ducts

Fans
Container
Wiring
Instsllation
Contracted

S KAy Wy L0 R 00 B0 &9
20 & 40 O 0 £ 4 A G

7. Aerastor or dryer deprscizted at % per year, 1f broken down by
component parts, what is depreciation rate?

Component Part - % Depreciztion per yesr

Blower
Motor(s)
Burner Unit
Ducts

Fans
Contginer
Wiring
Other

8. What do you estimate the life of your aerator or drysr to be? years.
9. Do=s aerator or dryer have sesparate insurance coversge? yes. no.
a. If y=s, what is the cost per ye=&zr? §

b. If no, how did the installation of your serztor or dryer affect your
other insurance r:=tes? no effect, $ increase, § decresse,

¢. If no, what is your insurance rzte per §100? cents,

d, What is extent of insur:znce coverage § fire, $ wind,
and $ other?
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AERATION AND DRYER OPERATION INFORMATION
1. Do you operate your aserator or dryer to reduce temperzture

dry grain or pravent moisture migration 7

2. How many hours of fzn operation is required to dry bushels

from % to y 4 hours,

3. What hours of the day or night do you prefer to opesrate asration or

drying equipment a,m, to p.m. Why?

L. Do you consider humidity conditions in operation of aerator or dryer?

Yes No « If yes, at what hupidity levels do you consider

it sztisfactory to start fans? 3.

5. How are humidity conditions determined? Explain

6. Do you consider tempsrature conditions in opsration of aeration or

drying equipment? Yes . No .

If y=s, at what temperature levels do you consider satisfactory to
start fans? degrees F,

7. Is your tempersture thermostatically controlled? yes. no.

If yes, at whet temperature? -

8. Are thermometers used to determine temperature? yes. no.

9. What kind of fuel doess your asrator or dryer use?

Is this satisfactory? yes. no. If no, explain

10. What was the amount of electricity used to operate serator or dryer
last year? ow. b § rate per K. w. h, § total cost.

11, What are fuel costs to dats this y=ar? From to




s K. w. h, & rate per k. w. h. §

dats

tobal cost.

12

. Whet is horsepower of motor(s ) and whal use was made of them?

No. of Hrg, Used }

Drying (ther Describe Cbher Use
H, P.
H., P.
H, P.

13

c.

d.
2,

. What are the dimensions of your bins? (skestch)
‘ Floor Arsa {sq.ft.) Thickness of grain
Grain Number Size or Cross Seaction through which gir
: passes
inches
inches
inches

SRATING COST IWNFCHMATION

st was your cost for repsirs during the last year? &

1

Was bhis typical? ¥eS. no. If no, =xplain

&. Doss the above total cost includs lsbor? yes. no.

If no, how many hours of lsbor was spent in repair work? hrs.

Please describe for the process through which you go in actusl drier
: Obher
operabion? Wheat  Grain

£
#

¥an hours required per day to refuel dryer?
Men hours required per dsy on nabural air drysr for
(1)attention

{2)move fens

(3)change ducts
¥zn hours of labor raquired to prepzre dryer for first
batech?
Han hours of attention, supervision for firsht batch?

Average man hours required per bateh after first batch?
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f., ¥en hours per day(2h hr, period) required on continuous
dryer?

g. Extra men hours required, if any, to handle grain from
field to storzge through drier vs, direct? Per day

GRAIN PRODUCTION AND QUANTITY DRIED

1.
Total Harvested & Moisture Bushels
Grain Acres Production 3Start Stop Start Stop Dried

Wheat (own)
(bought )
(custom)

Other (own)
Grains(bought )
(custom)

2. What is your charge for custom drying grain?

3. Dispositién of grain. 19_ .
Amount Fed in Amount Typs Price % MoistureDiseount
Grain stored & fed what form sold market received at sale (if known)

Wheat

Barley

Oats

Other
grains

ke In 19 , you had ___ acres of wheat, How many acrss was your average
per last five years? ___ acres. Your 19 yield was ___ bushels,
Whzt was your average yield over the last five yeers? __ bus. acre.

5. In 1_9_, you sold ___ bushels or ___% of your total wheat production.
How many bushels did you sell on the average over the past five years?

bus.

6. In 19, you purchased ___ bushels of wheat and did custom work on ___

bushels, How many bushels did you purchase on the average over the

last five years? bushels, How many bushels of custom work did



you average over the last five yeszrs on wheat? ____ bushels,

7. In 19__, you had ____ acres of small greins other then wheat, How
meny acres was your average over the last five years? ___ @cres,
Your 19  yield was ____ bushels. What was your average yield over
the last five years? ___ bus. acre,

8, In 19__, you sold ___ bushels or ___ % of your total small grain pro-
duction. How msny bushels did you sell on the average over the past
five yssrs? __ bushels.

9. In 19__, you purchased ___ bushels of small grains &nd did custom
work on __ bushels. How many bushels did you purchase on the average
over the last five years? _ bus, Ave, custom work, pest 5 years

bushels,

10, Whet is the custom drying rete at your local elevator?

BFFECT OF DRYZR ON FARM PROGRAM
1, Did the installation of your dryer change the acres of any crops you

rgise? yes. _ no. If,yes, explain

2. As compared to before you dried grain, do you harvest ___ scrlier,
later, or the ____ ssme time? How much ___ whest __ small
grains,
3. How was your method of harvesting changed by the instzllation of your

drying equipment?

L. Does your operation of grain drying compste with other farm work?
yes. no, If y=s, specify erea,

67



5. Since the installation of your dryer, have you bsen able to cut down on

your field losses? yes, no.

a, What would you sstimate your field losses to be in bushels per acre
for

Best harvest 2 waeks 3 weeks month
Grain Time later later later

Wheat

Other
small
grain

b. Do you use livestock to glean your grain fields? yes. no,

What per cent of field losses do you estimate that your animals re-—
cover? %o

6. What other uses do you mske of your grain drying equipment, if any?

SAMPLING METHODS AND MOISTURE CONTENT DETERMINATION
1, How do you determine moisture content of grain at harvest?

For market

For storage

2, What is your method of sampling grazin for moisture content determinastion?
At harvest

While drying

a2, Is there any differsnce in sampling methods between grain to be stor-

ed or marketed? yes. no. If yes, explain
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OT'HER QUESTIONS

1. For what reasons did you decide to install your drier in 19 ?

2. Have these objectives or goals bsen rezlized?

3. If you had no drying equipment on the farm now, would you put any in?
yes. no., If yes, what type of installztion would you

choosa?

For what reasons?

L. Do you know of any other fermers in this community who dry grain?

Name Address Location
Nam= Address Location
Neme Address Location

Name Address Location




APPENDIX C

Pan Requirements for Drying Wheat with Unheated Air from
Different Percentages of lMoisbture Content and at Various
Practical Depths®

Grain Recormended Practical Static 5 Maximum Quantity
Moisture Minimm aire Grain Pressure™ that can be dried
Content flow rate Depth per fan horse-
(percent)  per bushel pover3
Cubic feet Feet Inches water Bushels
per minute gage
4 ( 1,2 830
- 3 6 | 2.3 440
4 ( «8 1880
18 5 8 |( 2.5 600
8 ( 1.3 2300
3 3 10 |( 2.0 1500

1Unitad States Departuent af Agriculture, loaflot Nio, 332, Drving Shellod
) I 209600 L Table 1, Page 5.
ti :I.nclndu 0, -5 irm allowvance for loss from duct friction.
3mf1ow(cm) perhorsepmrbaaadonj,OOOcﬁnofairatlin.
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