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Potato Storages for Michigan * 
By: j\LFI~I ~ 1) D. E/)CAR, J\ C RI CU f.TUH A L E N GI N EER, ]JURI': A U OF J\ C IU ­

l· l ' LT U HA T. CHEM I STR Y A N D E N ( d NEEH I N G O F T llI': U, S . Ih: PART ME N T 

OF J\ C HI Cl I .T U RI·: ; C. I- f. JI-: FFEI~SO N, J\ SS I STA NT P HO FE SSOR, Ih:­

I 'A I~TM E N T OF J\CH I ClJ LT lJ HA L E N (;I N I·: I·: HI N C, M I CH.l G A N STATE COL­

IY( ; I': ; lI N D I ~. ,l . WII EI~I , E I { , 1~1 ': S I ': i\HCI[ A SS I STANT, Ih: l'AHTMENT 

O F FARM CR O PS OF Nr I C III(; AN ST AT I': COLLE(; r-: . 

NEED FOR ADEQUATE STORAGE 

l\![ ichigan produ ces f rom 20,000,000 to 25,000,000 bu sh els o f potatoes 
a n nua 11 y fr o m about 250,000 acrcs. Potatoes are gro wn in eve r y county 
in 1VI ichi ga n, va ryi ng from a pprox imately 9,000 bu sh els in Ke\Veenaw 
co unty to 2,750,000 bushels in Mo ntca lm CO Ullt y. T h e average potato 
g rO\\T r har vests an nu a ll y 500 to 1,000 bu shc ls from 3 to 5 acr es, but 
so III e g ro we rs ha r ves t a nd sto re fr o m 30,000 to 40,000 hu sh e ls each yea r. 

Prese nt p ractice is t o ha n 'est the potatue s in late September in th e 
northern co unti es a nd in ea rl y Octobe r in the so uth e rn co un ti es. Abo ut 
o ne-t hird of th e crop is so ld to tru ck e r s at harvest tim e ; o ne-t hird i:-; 
sto r ed in nea rhy c01l1m e rcial o r cooperat i\'e warehouse:-; a ncl o ne- third 
is sto r ed o n farms. I )otatoes :-; t o r ed o n farl1l:-; are m a rk et ed thro ug h o ut 
the :-;to rage sea:-;o n, sta rting soo n af t e r harv est and continuing until 
Ma rch or Ap ril. 

Cro\\'l:'rs often prefe r sto rin g potatoes o n th e farm becau se they 
can us c their O\\'n judg lll c nt as to m ct hods of handling, s toring, and 
mark et in g. Uccausc of illlprovcd roads and tra n spo rtati o n, thc farm 
is no longe r iso lated during the ",inter and a grower can m eet m arket 
de m a nd s. III man y in sta ncl:'s, truckers bu y direct fro m the farm, th u s 
r e li e \' ill g the gTO\\'cr of the r es po ns ibility of tran spo rtati on . 

Ther e is need for illlprove d war e ho uses a nd m o r e a deq uate farm 
sto rage facilitics in Michigan to suppl e lll e nt prese nt coope rat ive and 
cO lllm e rcial warehouses a nd farm st o rage s. 

Prese n t cooperat ive a nd co mlll e rcial \Varehouses provide sto rage for 
:-' ll1all lots of potato es fr o lll Illan y farm s in o n e large buildin g under 
o nc trainccl1l1anage r . This arrangemcnt m a k e s possiblc ca rlot ship ­
lll cnt s at any tim c a nd has becn o f de finit c adva ntage to th e small 
growcr. Disac1 vantagcs 0 f the warehouse storage sys t e m are th a t it 
r equircs ext ra transportati o n a nd hand ling during the harvest season 
w ith a n attc ndant in cr case in scr ious damage to potatoes. 

Fa rm pit sto rage is o n th e declin c, s in ce wi ntc r shipm ent fr o m su ch 
pits is ofte n un safc a nd frequcntly incurs la r ge losses o win g to un ­
iavo rab1c sto ragc seaso ns o r faulty pit co nstru cti o n. Storage in clwell -

*f\ppr ec iati o ll is exp r essed for t he coop erat ion a nd as s is t a nce in ca rry in g for­
wa rd thi s in vest igat io n to f\. 1vl . Berridge of the Lak e C ity Exp c rim e nta l Po ta to 
Farm; to S . J. Dc nni s of the U nit ed S t a t cs B urea u of Agricultural C hem ist ry and 
l~ llgin ec rin g ; and to the m a ny vvarehousemen in w ho se storages the data were 
obt a in ed . 
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1l1 g base m en ts may h e sati sfactory fo r sm a ll lo t s -for s ho rt periods, 
but heavy losses occur , o wing to th e dirfi culty of ha ndlin g potatoes t o 
and -from th e base m ent and th e high t emperature a nd low humidity 
of base m ent s. Storage in ba r n basem ents can be sati sfactory w h er e 
th e storage space is properly insulated a nd ventilated, as has bee n 
clo ne a t th e Ex perim ental Potato Farm at Lake City . Many farms . 
ho weve r, cl o not hav e sati sfacto ry and adequate space of t hi s kind . 
S pec ial st o rage bu ildin gs o n th e farm a r e increasi ng b ecau se they can 
be mad e t o m eet the r equir em ent s bett er than an y other type. The 
disadvantage of s uch storage is that the smaller s izes ar e r elatively 
hi g h in cost per unit of space. 

PURPOSE OF BULLETIN 

The pu rpose of t hi s bulle tin is : (1) to di scuss the variou s fa ctoL,) 
that cau se losses of potatoes in storage; (2) to present pla ns for new 
s to rage bui ldings; (3) to m a k e sugges t ions for r em odeling old storages 
t o m eet r equir em ent s o f .M ichigan potato grower s; a nd (4 ) to propose 
improve m cnt s ill storage house control and man age m ent. 

COOPERATION 

Tnfo rm at io n in t hi s bull etin was obtained and is presented through 
th e coope rat io n of th e B u reau s of Agr icultural Chemi str y a nd Engi ­
nee ring and P lant Indu st ry of t h e U nit ed States Departm ent of Agri ­
cu ltur e and th e Sec ti o ns of Agri cultura l E ngineering an d Farm Crops 
o f th e 1\1 ichi gan }\ g ri cultura l Expe r im ent Station . Manager s of co­
operative warehou ses a nd owner s of several farm storages gave assist ­
ance in carry in g on th e inv est igations . 

WHAT WAS DONE 

V isit s \\'e r e mad e t o man y coo perat ive o r co mm ercial warehou ses 
a nd to fanll sto rages to dete rmine th e g eneral charac t e r of pr ese nt 
s to rages, th e aJl10unt o f po t a to shrinl\:age durin g s to rage, and, if pos­
sibl e, wh at pa rt o f th e loss in m a rketable po tatoes is due to m echan ical 
injury . During th e s to rage seaso ns 1937-39, detailed obse r vations wer e 
m ade in two storages to de t e rm ine: (1) the shrinkage durin g storage 
under CO lllm on a nd under improved st o rage conditi o ns, and (2) th e 
loss du e t o m echan ica l injury und e r common a nd improv ed ha ndlin g 
m ethod s. 

STORAGE COMPARISON 

In F ig. ] , \Va r eho use }\ is a common type of cooperati ve o r co m ­
m e rcial war ehou se which h as m echan ical eq uipm ent for the rapid 
ha ndling of sm a ll lot s of potatoes fr o m many g rower s. The ceilin g 
a nd wall s o f th e first fl oo r space a r c poorl y in sul ated, hut potato fre ez­
ing is pr eve nted by art ifi c ial hea t a nd by th e wide aisl e between th e 
out s ide wall ;l ncl th e hins . l{ c lll odelccl ha rn s to rage R ( in Fig. 1) has 
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These data have been tabula 
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REMODELED BARN STORAGE 

Fi.CJ . J. S toraycs uscd in cxpc1'i111 ental wor/~ dllrin g 1937-39. vVarehollse A - a co­
opcra ti7 'e tradside st ora.r:;e, desiyncd for rapid lIl echallical handling,· B - remodcled barn 
stora.r:;e at La!?e Cit y Expcrimental Potalo Far/n. The latter provided satisfactory stor­
a.rJe space in barn basement. 

11 0 m echa ni cal hand lin g eq u ipm ent but is w ell insulated a nd ha s eco­
nomical and practi ca l prov is io ns fo r venti lat io n and air c ircul at io n . 
]{ecord s w er e k ept o f potato w eights into a nd from sto rage a nd the 
t emperat ure and humid ity during th e 20 wee k s o f th e sto rage peri od. 
These data have been tabulat ed in Table 1. 
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Table 1. Comparison of Storage Conditions a nd Shrinka g e in Two Storage s. 

A .. 

B . 

SLor;~ge 

F i n,L 2 W eek s 

'i'eil i p . F . Il el. 11 11 11 1. 

41° 8.') 

:,tl ° 8 1 

2()- W eek Perio(l 

'l'elll [1 . F . R el. 11tllll . 

4L ° 7U 

44° 86 

* Seled q u ;d iL y p()L ;~Loes sto red fi el<1 - n II I i ll p i('k i II g j,o :\es. 

100 

90 

70 -l----+------+-- ___j 

bO~--+------+-----j 

U.S N? I 's 

50 -+-- -+------+-- ---1 

40 +---I--------1-- ---j 

30 -l----+-------+-- ___j 

20 +-- -t-------t-- ---j 

10 

o 
GRADE.D INTO AND 

OU T OF STOR Aq E:;--

GRAD ED O UT O F 

5 T O RA.Cj E: O N LY 

Fi/j . 2. Proportioll of w arler /aiJ!e potaloes as aJJecied 
by numucl' uf g radillgs. 

Sh r illkage 
Losses* 

Per cent 

7. 0 

5 . !) 

POTATO: 

T h e r es ult obta in ed in 
s hrinkage. The lowe r shr 
that in A m ay be clue to 1 

\\'ee k s a nd hi g h er r clati H 
high er temperature during 
r es tri c ting 'ventilation \\· h 
T h e hig'h er te111perature a 
due to less ventilation and 

Ow in g to r elat iv ely p 
heated to main ta in an an 
tiOll o n th e poo rl y in sula 
7C

) pe r ce nt. Tn house B 
l1 eed ed bu t co n sid era ble 
per cellt, a nd m o isture se lc 

ME CHANI 

A t est was m a de to de 
varieties, a lot each of thl 
we r e ha r vested a nc1 s tored 
Experimelltal Potato Farn 
36 days, one-half of each 
The r e lna ining balf of eae 
s t orage period each lot \ 
each lot was graded twice 
potatoes for sale at the c 
potatoes g raded on ly once 

Fu rth e r observations u 

Fi.q . 3. Results of 7'a rioifS hal 
{ied /ly illdicaled illjlfry perccllta! 
/lOX-Ollt halldlillg; 15 PCI' cellt, 
IlOlldlill/js : 20 per CC llf. picked il 
hulk- fo ll r halldlillgs; 35 P CI' (Cllt 
storagc, s/Zippcd 10 1110rkrt alld ( 
that th e a'//1Oul1t of illj1lry iliC/'cas, 
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Th e r es ult o btain ed in t h e tw o st o rages is indi cated by the potato 
shrinkage. T he 10'1ve r shrinkage rat e in house 13 a s compa r ed "w it h 
that in 1\ m ay be du e t o t he high er t empera ture durin g th e hr st two 
wee k s a nd high er r elativ e humidity for th e ,vhole period in B . T h e 
high e r t emper a ture durin g th e fir st two \\'eek s in B was obtained hy 
r estri ctin g ve ntil a ti on \\ 'hil e sto r a g e A w as ventilat ed co ntinu ou sly . 
Th e hig"her te lllperature and humidity fo r th e wh ole peri od in B was 
du e t o less \"e ntil a ti o n and bett er insulati on. 

O \\'ing t o r elativ ely ]Ioor con tructi on , h ou se A w as fr equent ly 
heated t o Illainta in a n average t emperature o f 41 0 F. , anc1 co nd ensa­
ti on O il th e poo rl y insulated ce iling h elped r educe th e humidity to 
7<) per ce lll. In ho use B \\'hi ch had hette r in sul at io n, no heat ' \'as 
needed hut con sid era ble ven t il a ti on m a inta ined th e humidity at 8(5 
per cent , a nd m o istur e se ldo m fo rmed on th e ce iling . 

MECHANICAL INJURY COMPARISON 

A t es t was m ade to dete rmine the loss ca used by g rading. T hree 
Yari e ti es , a lot each of t he H"usse t Rural s, K a t a bdins, a nd Chippewas . 
\\ e r e ha r ves t ed and sto red h eld -run, in pi cking boxes a t th e Lake City 
E x pe rim enta l Potato Farm. \N hen these po t a toes h ad been in st o r agt.: 
3G days, one- half of each lo t wa s g ra c1 ed a nd r eturned t o t he boxes. 
The r e m a ining half of each lo t ' '\ 'as n o t di sturbed. A t the end of the 
s t o rage period each lot was g raded, w hich m eans that on e-h alf of 
ea ch lo t was g raded t ,;vicc (Fig . 2) . T h er e was 6 per ce nt m ore No . 1 
po t a toes for sa le a t the end o f the storage seaso n fr o m the lot s of 
potatoes g raded only once tha n fr om those g raded twi ce . 

F ur t her obser vat ions upon th e a m ount o f m ec hani cal injury w er e 

F iq. 3, Res1Ilts of 7'ario llS llO lIdlillq 'III ethods 1IPOII polato ill j llry. Lo Is lII ay be id('lll i­
ficd {)J' illdicatcd illjllry pcrccllla9cs : 3 per ee ll t, pic/?ed alld slo red /ie/d-rll ll ill pickillq 
{lO X - a li I' hall dl illg; 15 PCI' ce ll I, q radcd as picked illto cra tes alld slorcd in /JlI I/.,- two 
IlOlIdlill{js : 20 per CC ll t, picked ill to /)()s /(e ts, dllil/ped il/l o cra les . /; raded al/ d slo rcd il/ 
/J ul /;>- fo ll r ha l/dlil/ gs; 35 per cel/I. hal/dIed as 20 per ce l/I lot. /)[ 11 il/ additiol/. y raded fro l/ ~ 
slorage, shipped 10 lIlar /.:cl al/d de liz1crcd to re lail s tore- six to ei,ij lit hal/ dlil/ t/s. No le 
that the amount of 'il/ jttrY ,ill creases w il h the I/II/I/ ber of hal/dlil/ gs. 
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made UPOII po ta toes ha ndl ed and s to red acco rding to CO llllll o n m et hods 
and those picked and stored fie ld-run in picking boxes. For this pur­
pose one box of potatoes from house B \vas used for compar ison w ith 
oth er lo t s handled by three m eth ods in C0111mon use. These four lo t s 
a re show n in Fig . 3 and m ay he id entifi ed by the percentage of mechan­
ical injury. 

TEMPERATURE, HUMIDITY, AND OTHER 
STORAGE REQUIREMENTS 

A potato in storage is a living, breathin g plant ti ssue . As it breathes, 
carbo n dioxide, moi stur e, a nd hea t a r e g iven off. Little attenti on n eed 
be g iven to the carbo n di ox id e, because stor age construction is seldo m 
so t ig ht th a t thi gas accumulat es in qua ntiti es, where it would e ith er 
be beneficial in retard in g r esp irati on and sprou tin g, or \vhere g reat er 
concentrati on wo uld be det rim ental in pro mot in g black:hea rt. Evapora ­
tion of m o isture from potatoes reduces the quantity of potatoes for 
sale. T hi s fact or r eq uir es a tt ent ion in des ign ing st orages so that mois­
ture ",.: hich co ndenses on th e cold walls and ce iling will do no h a rm 
to th e building or pota toes . 

U nd er sto rage conditi o ns wh ich prevailed during th e expe rim ental 
work , storages cooled fr o m a n average of 52° to 44° F. and the rela­
tive humidity rose fr o m a n ave rage of 78 to 83 per cent during the 
fi r st month of sto rage . Du rin g January the storage t emperature a ve r ­
aged 40° F. a nd th e r elative humid it y averaged 90 pe r cent. From 
th ose conditi ons the fo llow in g h eat and moisture calculat ion s w ere 
m ade: 

From 400 bu sh el of potatoes stored at 52° a nd cooled to 44° F ., 
(l urin g the fir st m onth o f sto rage m o re th a n a harrel of wate r w ill 
he giv en off hy evaporati o n, and durin g January, wh en th e t e lllpe ra­
t ur e is a bout 40° F., a bou t onc- fi ft h as mu ch water will h e given off. 
The heat of r esp irati on of those 400 hu sh cls o f potatocs durin g thc 
fir st m onth of s torage, wi ll hc eq ui vale nt to that ava ila bl e when 100 
pound s of coa l are burned, in th c avc rage st o rage s tov c, wh ich is about 
SO per cent effic ien t. T he heat o f r espirati o n, durin g January, m ay 
be from o ne-ha lf to o ne-fi fth as much as durin g th e first month of 
storage .* Thu s the h eat of r cs piration of pota toes is readil y availabl e 
in the fall w h en it s disposal is a p roblem and is least ava ilable in Jan ­
ua ry w hen it could be used to advantage. 

In ad di t ion to the h eat o f r es pirat ion , potatoes contain a large 
a mount of field heat wh en s to r ed, which mu .' t be r em oved in lowe rin g 
their temperatur e. To abso r b t he fi eld h eat of 400 hushels of potatoes 
whi le their t empe rat ure is lowe red from 52 ° to 44° F., durin g t he fir s t 
month of s torage, mo r e than 1.000 pound s of ice would have to be 
m elted. Th e removal of both h ea t of r espirati on a nd fi eld heat is 
co ml11 only obta ined by ve ntilati o n a nd conduct ion through t h e storage 

*Hosc. Dean I-T.. \ !\T ri g-ht, R. C . \ !\Thit cman, T. M., 194 1. TH E CO MMERCIAL 
STORAGE OF FRUITS . VEGETABLES, AND FLOl"{ISTS' TOCKS. U.S.D.A. 
Agr. Cir . 278. 52 pp. and Smith . Ora. 1933. STUD fE S OF POTATO STORAGE. 
N.Y. (Corn ell) Agr. Exp t. Sta. Bul. 553, 65 pp. illus. 
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wall s and ceiling. Additi 
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In di scussing sto rage 
be divided into three pc 
peri od; and (3) the war 
a rat ely in th e fo ll owing 

CORING PERJOD-~ 
ad jo ining pota toes . T herl 
thro ug h fr es hly brui sed 
for two \\'eeks at GO° F. t 
th e injured areas o f th e p 
laye r w hich r ed uces clan 
und er lower temperature 
infect ion. 

A curin g-pe ri od tempi 
hy r estricting th e ve nti]; 
to fill large torages it is 
th e fir st potatoes s tored 

J-IOLDING PERIOD­
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much a tt enti on to ve ntil 
ave rage above 40° F. for 
r equired to ma intain a t 
th e w int c r. 
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walls and ceiling. A ddi t io na l heat w hi ch mu st be removed comes from 
the earth throu g h the storage floo r and wall s, or from the out side a ir 
through the wall s and th e ceiling durin g warm weather. 

The principa l potato storage r equirem ent s are for control of t em ­
perature and humidity within a narrow ran ge for a per iod often a s 
long a s eig ht month s, during viThich tim e th ere is a wid e range of out ­
s id e t empe ra ture and humidity. In addibon, th e st orage should pro­
t ect th e potatoes fr o m (1 ) moisture, (2) sun or artiflcial li g ht, a nd 
(3) m echani cal injury. 

TEMPERATURE REQUIREM.ENT 

In di scuss ing st orage t emperatures, the '''Thole storage period should 
be divided into thr ee parts, (1) the curing period ; (2) the holdin g 
per iod ; and (3) the warming-up pe ri od. Each part is di scussed sep­
a rat ely in the fo ll owing paragraph s . 

CURING PERIOD-Stored potatoes are subj ect to infection fr om 
ad jo ining potatoes . T here is less infection through unbrok en skin than 
thro ug h fr es hl y brui sed or injured potato skin . If potatoes are held 
for t wo ·weeks at 60° F. t emperature and 90 per cent r elat ive humidity, 
t he inju red areas of th e potatoes heal over by the fo rm ation of a corky 
layer which reduces dan ger of infec tion. Potat oes cure more slowly 
und er lowe r t cmpe ratur es and \ humiditi es, w hich permit th e sp read of 
infec tion. 

A curing-peri od t emperature 0 f 60° F. is u sually easy t o m ainta i n 
by r es tricting the ve ntilat io n, but when several w eek s are r equired 
to fill large st orages it is better not to cure all of the potatoes becau se 
th e fl r st potatoes st or ed should not be h eld too long at 60° F. 

HOLDING PERIOD-In gen eral , storage t emperatur es of 50° F. 
o r hi g her result in high quality of tahle stock, but potatoes can b e 
st o r ed for only 12 o r 14 weeks at thi s temperature without excess ive 
shrinkage and early spro utin g . P ro longed storage a t t emperatures 
below 40° F . in creases the sugar co ntcnt , makes the potatoes soggy 
fo r tabl e stock, but does retard sproutin g . A t emperatur e of approx i­
m ate ly 40° F .. however , has been founc1 to be a m ost des irab le COI11 -

prom ise fo r lo ng storage periods because at thi s t emperatur e th e 
shrinkage is very small , th e cook in g qualit y is fair, sprouting is r e­
tarded, and the potato will o·e rminat e satisfactorily w hen planted in 
warm soil. While th e quality of potatoes decr eases rapidly a t t emper ·­
at ures below 40° F., the tuber s do not fr eeze until 28° F. is r eached. 
F reez in g may cause large losses because eve ry frost ed potato in bulk 
storage m ay ca use di sco lora ti on o r ro t of a peck t o 10 bu shels of 
adjoining potatoes. 

Lower ing of the po tato t empera ture fr om 60° to 50° F., fo llowin g 
curing is usually bro ug ht about without mu ch attenti o n, but lovve ring 
from 60° t o 40° F. within six to eight w ee k s after curing r equires 
llluch a tt enti on to ve ntilati on because th e out sid e t emperature m ay 
average a bove 40° F. fo r most o f thi s pe ri od. A rtifl c ial h eat may b e 
r equir ed t o m a intain a te mperatur e of 40° F. in th e co ld es t part o f 
th e ·winter. 
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WAH1VIlNC PJi JUOD- D urill g t h e last two w ee k s o f s t orage, it is 
des irable to r a ise t he potato sto r age tempe ra ture to abo ut 50° F . to 
r educe injury durin o ' g radin g . 

The\\'a r111 i ng 0 f a bin fr o m 40° t o 50° F. elu ri ng the last t \VO ,vee ks 
o[ sto rage is o ft e n a problem because adjo ining bins may be in tended 
for co ntinu o u s sto rage at 40° F. J-Iea tin g m ay be clo n e by forcing 
\\'a rlll a ir int o fl oo r flu es o r by us in g fans clurin g g r ad in g to fo rce wa r1ll 
a ir o \'e r th e top o f t he in clined pil e o f potat oes as t hey ro ll dm\"!1 ill 
t he o pen b in . 

HUMIDITY REQUIREMENT 

l li g h hU1llidity in potato sto r ages is des irable to r eclu ce shrinkage. 
High humid ity te nds however t o cause ce ilin g condensation a nd sub se­
q uent dr ipp ing of water o n th e potatoes, w hi ch is undes irable. A 
relative humId ity of 85 per cent is r eco m111 e nded. This rela tiv e humidity 
is high eno ugh to retard shrinkage a nd low eno ug h, un der average 
atmospher ic cond iti o n s, t o prevent for m a tion of free mo i ,t ur e o n th e 
sudace of t h e potat oes. Even at th is r elat ive humidity it m ay be difli ­
cul t t o prevent condensat io n of m o ist ur e upon the wall s a nd ce iling. 
It ha s been custo m a ry to r em ove t hi s conden sat io n by ve ntil at io n. 

The disaclYantages o[ u sin g ve nt il a ti o n for coolin g are t hat t h e 
ye n t il at ing a ir also relllo\'es m o istur e f'ro111 the storage, a ncl that the 
r e m oval of th is Jll o istur e lo \\'e rs t he sto r age humidity. Some lll o istu r e 
is a lso r e11l 0\'ed from th e storage a ir by co nd e nsat ion upon t he cold 
\\a ll s and ce ilin g su rfaces . The Jll o is tur e condensed o n \\'c.dls Jll ay he 
drain ed a \\'ay \\ ' it hout h a rmin g po tatoes. Cond e nsa ti o n and evapo ra­
t io n a r e becomin g incr eas in g ly r ecogni 7.ecl as fa ct o r s of humie!ity r egu ­
lati o n s in ce th ese go o n with out atte nti o n o f th e sto rage ope rator. 

OTHER STORAGE FACTORS 

DI SEASE- Th e late blight epidemi c of t h e past fe\\ ' years has be­
co m e a ser io u s problem ill potato sto rage. T h e hli g h t organi s m is 
ac ti ve w h en the potatoes are wet a nd t h e sto rage temperature is 
a bove 40° F . Uncl er those cond i tion s a wet rot de vclops a n d jui ce 
fr o 1l1 th e infect ed tuhe r s spr eads t o uninfected t ub c r s, ca rry in g th e 
bli g ht o rganism with it . In thi s mann er a n e ntir e b in o f pot atoes may 
be los t from bli g ht r ot. 

Ex pe ri en ce has dem o n strat ed t ha t a cool, well -vent il a t ed s to rage 
wi ll min imi 7.e t.h e loss fr o m late hlight rot. ['roper y entilati o n r eta rds 
the spreacl of th e di sease by rap idl y drying the pot atoes a nd t he 10 \\' 
te lllpe rat ur e k eeps t h e b li g h t o rgani sm in a do rm a nt co nditi o n . The 
pro lo ngeel ve ntilat io n des irab le fo r co ntrollin g late blight \\' ill resu lt 
in hi g h e r s hrinkage losses \\'hi ch w o uld not h e a fa cto r in st ori ng 
sound pota toe s . Ot her so ft rot o rgani sm s a r a lso co nt ro lled by k ee p­
in g th e pota t oes dry a nd cool. Th e ]")o tatoes sh own in Fig. 7 a r e i ll 
e. 'ce llent co nditi o n fo r storage beca use th ey a r c clea ll . dr y a llel fr ee 
fr o m di sease . 

VAIUET'{ OF I)OT I\TO I ~S-S0 111 C' potatoes hav e to ug h e r skin :, 
th a n o th e r s . a lld a r c less subj ect to injury than th in -s kinned va ri e ti es. 

POTAT 

O th e r s are 111 0re subj eci 
kn o bs . Va riety a lso II 

exa mple. the do rm a n t r 
th e Chippe\\'a. 

S0 111 e yar iet ies seC 1ll 
sto rage \\'hcrc the te l111 
ing the s t()ra~T season. 
S11O\\"('<1 fros t ' injury. 20 
I1 0 ne of th e I\u ssct 1\l1r 

ST .\'!'I -: OF l\1 .\ TL' 1 
j llr y a ncl \\ ' ill k eep hell e. 
:-ctad :-c,p ro lltin g from or 
toes st o r ed uncl er the S<l 

STO IV\G ! ~ 1 ) I ~R I 0 1 

pe ri od. the g rea ter the 
g'()o d co ndit io n und er c 
hUlllidit y o f B5 per ce ll 
Iln clu c s hrink age. 

STORAGE HO' 

TEM I 

I<cgulat io n of sto ragl 
hUlllidity is ofte n carrie 
impor t a nt ane! should 1 
th e conditi o n ane! the ~ 
t e lllpe rat u r e and humid 
\\,('11 as 1l1 Cl nap;e lll enl. T 
III <Lnage1l1 (' nt prac t ices i 
he cli sc ussed in the fo lI c 

eSE OF T='JSL' LAT T 
heat \\ ' il1 h e los t hy cc 
in an- rage \\' illtl'r \\'Cal 

t o bc supplelll cn ted by ; 
a ble temperature , I i to 
tilati o n req uir ed fo r tc 
and ca use Ilndu e shr ill 
ins ul a te a sto rage Sll flic 
productioll a ne! los:; fo 
for heatillg during pre 
ul11l sua ll y \\'a rlll \\'eathc 

T he a lll ount oi ill Sll 
\\ ' ithin th e buildin g . Til 
in s ul ate d (a nd t he refore 
iti es, \ Vit h in crease ill 
he 11 ig he r before co nel el 

*\Vr ight. R. C. Peachod 
Re st Period and Dormancy 
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Ot h e r s arc m o r e subj ec t to brui sing because of th e ir tend ency to fo rm 
knobs. Va ri ety a lso influ ences th e res t and dormant p e ri od. For 
exa mpl e, the do rm a n t perioc1 [o r .Ru sset Rura l is lo nge r th an that for 
th e Chippewa . 

So m e va ri et ies sec m to b e lll o r e subj ect t o freezing injury. In o n e 
s to rage \\" h e re th e t e llljw ratur e fell helow fr eez in g seve ra l times du r­
ing the storage seaso n, m ost of the tubers o f th e Chippewa vari ety 
s ho\\cd fro s t injury , 20 pe r ce nt o f the Katahdins were affected, and 
1i0 ll e of th e l{u ss c1 Hural s was affect ed. 

ST. \'!' I '~ () I"~ 1\1 /\T U l\lTY - M ature potatoes are less su h j ect to ill ­
jury a lld \\,ill k ee p hette r than those no t full y ripe, although they may 
s tart sprouting from o ne to e ig ht w eek s earli e r than iml1l a ture po ta ­
toes s tc)I' ed und e r the same co nditi o n s.* 

STO I\i\ GE I)ERTOD- l t is obvi o u s that the lon ge r the sto r age 
peri o el, the great e r the shrink age loss, but pota toes llla y b e k:ept in 
good CO il d i t i on un de r a s to rage tem pe ra tu r e of 40° F. an d r eI at ive 
humidit y o f gS per ce llt for at leas t 180 clays without sprouting o r 
undu e shrink age. 

STORAGE HOUSE DESIGN AND MANAGEMENT 

TEMPERATURE AND HUMIDITY 

Regulati o n of s torage t emperat ur e \\' itho u t r egard t o it s effect u pon 
hu midit y is ofte n ca rri ed o ut in sto rages. But th ese fa cto r s a r e hoth 
important and sh o uld b e co n s id er ed toge th er as they influence both 
the cond iti OIl and th e shrinkage o f potato es . :Regulati on of sto rage 
t empe raturc a nd humidity is d epend ent upo n sto rage co nst ruct ion as 
"\\'e ll as mana9'e111 ent. The effect of variou s co n structi o n features a nd 
Ill a nage m e nt c1') ract ices in obtaining d es ir able s t o rage co ncliti on s wi ll 
be di sc usse cl ill th e fo ll ow in g p<nagraph s. 

USE OF TNS U I_ATION- Tf insu ril c ie nt in sula tion is used, so Illu ch 
h eat \\,i ll be lost by cO llductio n through the\\'alls and ce iling, even 
in an.' rage\\' in 1.er \\"cather, that th e heat of th e potatoes "\\' ill h ave 
t o be s upplem ented by a rtifi cia l h eat frol1l stoves to m a inta in a desir ·­
a bl e telllpe ratu r e . I f too much insulati o n is u sed, th e a dc1i tio na l ve ll -­
t il at iol1 r eq uir ec1 fo r tempe ra ture regulati o n w ill ]ower the humidity 
an d cau s e undue shrinkage. Thus, an attempt should b e m ade t o 
in sulat e a sto rage suJh cientl y to g ivc a ba lan cc ];et \\'cen expected ll eat 
production and loss for av e rage co nditi ons. Pla n s sho uld b e mad e 
fo r h eat ill g during- prolo ngcd co ld spell s, or fo r vent il at io n during 
unu sua ll y \\"a rm ","cat her. 

Th e a m o un t of in sulat io n used in a sto rage affects th e humid ity 
w ithin th e building. III co ld \\' cathCl' m ois ture w ill concle nse o n poo rl y 
insulated (and t h e r efo r e cold ) surfaces at r elat iv ely low int. e rior humicl ­
iti es . \ \1 it h incr eas e in in sulat io n th c humiditi es in the bu il d in g- may 
h e higher befo r e co nd en sa ti o n occurs. 

*vVrig-ht . R. C .. Peachock, 'vVa lte r M. Influ e nce of S to rage T emperat ur es on th e 
Re st Period and Dormancy of Potatoes, u'S.D,A, Tech, Bu lletin 424: May 1934. 
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The insul at io n va lu e, 
humidity for av e rage Wil 
wherc th e in sulati on \'a ll 
high storage humidit y an 

In s ul a ti o n is sO lll e ti m 
s id e rable m ois ture . \ Vhil 
it is und es irabl e bcca ll s 
Fo r m a n\, years s torag< 
fillin g th l~ lll- with stra\\' (' 
ture in s id e th e building. 
and loses it s value qui ck 
d ecay o f th e in sulatin g 
sat is facto ry until th e pr e: 
betwee n the insulati o n a: 
good co nst ruct io n , a goc 
t o make it m o r e difficult 
th e in sulati o n th a n fo r tl 
h e donc by p rov icling a 
o ut s icl e wall. Th e folI o\' 
({Co ndcll satio ll ill J1J oderJl 
of th e Forest Procl ucts Lab, 

Te st s havc bccn ma 
var io u s pa pc r s and \Va 
\V e r e sea l cd in copper p: 
a t 80 ° F. a nd 30 per ' 
days o r m a r c . Th e va l 
wcrc ca lcul atcd o n a ba ~ 

Table z. Comparative Resi: 

Foil surf<Lced reflect ive insul,L t ion (de 
Roll roofing- smooth surface- 40 to 
Asphalt impregmLted and surf<Lce CO[ 

50 lll . 500 sq . foot roll . . . . .. .. . . . 
35 lb . 500 sq . foot roll .... . ... . . . 

D uplex or l<Lm inated papers 30-30-3C 
Duplex or la,mimLted papers 30-60-3C 
Duplex papers reinforced ...... ... . 
Duplex pape r cm.ted wi t h met,LI oxic 
[nsulatio ll backup paper, t reated ... 
Gypsum lat ll with aiuminuin fo il bae 
P laster- wood lath .... ... ........ . 
P laster- 3 coats lead amI oil ...... . 
Plaster- 3 coats flat wall paint .. . . . 
Plaster- 2 cm.ts al uminum paint .. . 
Plaster- fiber board or gypsum lat h 
Sl<Lters felt .. ....... ...... ..... . . . 
Plywoocl-.J.i " Dougl,Ls fir, soybean I 

2 coats asphalt paint ........ . 
2 CO,Lts aluminum pai nt ... . 

);2 ' 5-ply Do uglas fir .......... .. . . 
.J.i' 3-ply Douglas fir , ~L r t . resilt glue. 
);2 ' 5-ply DougliLs fir, Mt . resin glue. 
Insulating hLth a,nd she<Lt hillg- boar, 
Insulating sheathing , surffLce coated 
f,; ' compressed fiber board .. 
I' insulati ng- cork blocks .......... . 
~ . and l' blanket insuh.tion bet weE 
4' mineral wool- unprotected . 
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The in sula ti on va lu es and the effect of insulatio n upon storage 
humidity for ave rage winter conditions is shown in Fig. 4. No t e that 
wher e th e in sulati on valu e is hig h condensation is low, re sulting 111 a 
hi g h st orage humidity and a low potato shrinkage rat e. 

Insulation is som etimes used in such a way that it abso rbs co n ­
siderable moisture. vVhile thi s r egulates humidity t o a certain ext ent 
it is und es irabl e because m o is ture reduces the value of insulation. 
For man y yea r s storage wa ll s a nd ce ilings have been in sulated by 
filling them with straw or sawdust with no protect ion from the m o is ­
ture insid e th e building. W hen so used, the in sul ation absorbs moi stur e 
and loses it s va lu e qui clcly . B ecause of thi s loss of efficiency and the 
decay o f the insulating m a t e rial , fill-type insulati o n w a s found un ­
sat isfact o ry until th e practice o f p lacin g a vapor-retarding m e mbrane 
betw een the insulati o n and the sto rage a ir ,vas deve loped. Even w ith 
good construct io n, a good rul e in apply ing insul at ion to a storage is 
to mak e it m ore diffi cult for the moist a ir fr o m the s torage to r each 
th e insulat ion than fo r th e dry air fr om o ut side to r each it . T hi s can 
be don e by p rov idin g a vapor harrier o n th e in side surface of th e 
o ut s ide w a ll. The fo ll owing di scuss ion a nd Table 2 are taken f r om 
"Co lldensation ,iJl Nlo dcrn Buildi/lqsJJ hy L . V. T easdale, Senior E ngineer 
of the F ores t P roducts Laboratory: 

Tests have bee n mad e to de te rmin e th e comparative vapor resis tance of 
var ious paper s a nd wall mate rial s used in building constru ct io n. Samples 
were sca led in copper pans co nta inin g wat e r a nd exposed in a roo m COJ1 tr o ll ed 
a t 80 ° F. and 30 per cent r elati ve humidity a nd weig hed regul arly for 90 
days or mo re. Th e valu es o btain ed after th e rat e of loss becam e constant 
w ere calcu lated o n a basis of g rain s of m o isture los t pe r square foo t per hour. 

Table 2. Comparative Resistance of Various Materials to Vapor Transmission. 

M,Lteri al 

Foi l s urfaced reflect ive insulation (double r'Lced ) . ..... ... .. .. ..... . .... . 
Roll roofing- smooth surface- 40 to 6.5 lu . per ro ll 108 sq . rt ... .. ....... . 
Asph alt impregnated an d surface coated s lleathing pa per g lossy surfaeed-

50 Lb . 500 sq. foot roll ... . .. . .... . ................. . 
3.5 lb . 500 sq . foo t roll ........... ... ......... . ...... . .... . 

Duplex or hLminated pa,pers 30-30-30 . ....... .... ....... . 
Duplex or la,m inated papers 30-60-30 .... . . . ... .. .. .. . .......... . 
Duplex papers r e inforced . . . . . . . . . . . . . . . . . . . . . ..... . 
Duplex paper coated with metcd ox ides .... . . ... ..... . . . 
Insulat ion backup paper, treated . . ... ... . .. ................... ... . ... .. . 
Gypsum lath with aluminum [oil backing ...... . 
Plaster- wood lath .. ..... .. ....... . .. ..... . ...... ...... ... .. ..... . . 
Plaster- 3 coats lea.d aml oil ....... . ........ . ........ .... .. . . . . . . . . . 
Plaster- 3 coats fiat wall pai nt ................ . . 
Plas t er- 2 coats al uminulll paint .... .. . . ...... . 
Plaster- fib er board or gypsum lat ll . . . . . ....... . ........... . 
Slaters felt ..... .. ....... .. .. . .. . .......... . 
Plywood- )"C' Douglas fir, soybean gl ue plai n . 

2 coat s asp ll a lt p<Lint . ...... .. .. , . . . . . . . .. . . . .. . ... . 
2 cmLts aluminum p,L int . ....... . ........ . 

.)/2 ' 5-ply Douglas fir ....... . .. . ....... . ..... . 
U' 3-ply Douglas fir , <Lf t . res in g lue ... ............ . .. . . ... . ... . . 
.)/2 ' 5-ply Douglas fir , art. resin g lue. .. . . .. . ........ . 
Insulat ing Lat h and slt e,Lt iling- boar(l ty pe. 
Insula ting sh eathing, surface cO<Lted .. . . 
ft ' compressed fib er boa rd . ........ . 
I' insulat ing cork blocks . ....... . ....... . .. ..... . 
~ ' and l' bla,nket insulat ion b etween coate(l p a pe rs .. " ..... . ........... . 
4" mineral wool- unprotecte(l .. . . . .. . .. ..... .. .... .. .... .......... . . .. . 

Loss in G mins 
pe r Sq. Ft. 
per Hour 

0 .061- 0 . 093 
. 003- .123 

. 1.53- . 05[) 

. 123- 1 . 480 

. n90- 1 .850 

.:no- . 6 17 

. 493- 1 .480 

.:no- .930 

. 6l7- 2 .462 

. 061- .277 
7.90 

2 6.50- 2 . 770 
3. 080 

. 83 1 
14 20 - 14 .80 

:3 . 700- l8. 50 
:~ 080- 4 . 620 

. 308 

. 930 
1 . 920- 1 97[) 
:3 . 080- 4. 620 
1. 97:)- 2 420 

18 50 - 24 60 
2.19 - 3 05 

3 . 640 
4 . 440 

. 380- 1 . 440 
20 .950 
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Se'veral different types o f co mm e r c ia l in s ula ti on ancl nati ve [arm 
materials lllay b e u se e! for in s ulati o n. Th e t ype of co n st ru c ti on a nd 
amount o f in s ul a ti o n u sed will d epend upo n ineliyidual c ir c u1l1 s tances. 
Th e impo rtant co nsid e rati o ns are that aclequate in sulati o n be u sed t o 
prot ect th e pota t oe.-) fr o m frost durin g o rdinary \\'int er \\'eat h cr a n d 
that th e in s ulati o n b e pro t ec t ed aga in s t m o ist ur e . 

E,,,]) Ti c nce ha s s ho wn that p o tato s t o rage hou ses in 1\ 1 ic hi ga n s ho uld 
ha\'e about th e amount o f in s ulati o n indi ca t ed 0 11 the plan s s ho\\n ill 
this hulle·tin. 

i\ fe\\' \\'all sect io n s arc s h o\\' n in Fi g . 5 that reprcsc nt good prac ­
ti ces in s t o rage ho u se co n st ructi o n . 

r~'Dl<OP .s'DIN~ 
MATCH~D SHE. ATH'N~ 

2'",4-" ,sTUDDING 

COMME.RCI AL.. FIL., L.. TYPE: IN 5 ULATI ON 

M O I5TUR..E-'QE.515TANT PA'PEQ. 

MATCHED SHEAIHINq 

MOI5TUR.E-'RE.51 5 -r~NI PAINI 

?{'D1<'OP SIDING 

MATCHE.D SHE ATHINq 

Z""b" SIUDDINq 

DQ.Y WOOD 0HAYINQ 5 

MOI STU1<E-"'QESIS-rI\NI PAPE.R.. 

MAT C H ED SHEAIH IN q 

M O I 5 TU'RE - 'RE.515TANT "P AINT 

4" Gk AZ ED TI L..E:. 

;(TO 3" OF FILL IN5ULATI ON 

WALL. TI E:: 

4" TIL.. E::-

Fiy, 5, SOllie 7I'a ll scc/iolls of potato s/ orayc hOllses. 

Por a clditi o ll a l illformatio ll 0 11 s t o r age It o use illslI la ti o ll ref e r to " Ill s ulati o n 0 11 

the I"a rm, " a r epo r t of tlte Na ti o n a l CO lllmi ttee on \ Vooel U tili za ti o n of tlt e U ni ted 
S tate s Departm e n t o f CO llllll e r ce. 

POTATO 

PURPOSE 0 1' \,ENTI 
m ea ns of changing both 1 

prov id ed o utdoo r "\\' ea th e r 
a \\'iel e range of regu1atic 
th e s mall es t a m u un t a dmit 
t o r c m ove h ea t\\'ith a n 
tim e d e \\' fo rm s, has th e 
heat than day air. There 
the fall as it lo\\'ers th, 
hU1l1idit y. Day \'e 11til<1ti o11 
crs th e humidity a11ci reel 
desirable t c mpe-rat ur e , [ 
s to rages, u s uall y littl e \'c n 
unseasonably w a rm \\'cat 
their no rmal capacity . II 
l;e c m pl oyed t o k eep th e 
age daily t e mpe ratur e . [ 
or o ut s id e temperature a 
fo r fall ventilation \\'heth e 

N EED FO I~ A IR ( TI(( 
a s t o rage is n ecessa ry to 
\'a ri o u s part s o f th e ho use 
ing heat and m o is tur e bet 
th e w e t and dry areas. ~ 
a d equat e s pac e hehr ee n t 
fr ee circu lation of air. Tt 
t io n s paces b e t w ee n the s 
it is above o r belo w g roll 
ti ve, th e wall c ir cul ation 
hin s, and at th e botto m 
t endin g c ntir e ly around th 
l1 ea r th e air - inta k e doo r C 
t o r e m ove h ea t fr o m ho 
p e rmitting m o r e rapid c( 
Tn th e wint e r th e s paccs 
th e ho u se t o th e cold \' 
a dj o inin g th ese \\'a ll s , lV 
co n veye el back and fortI 
spa ce around th e \\'al1. 1 
designed \\'all c ir culati on 
o f potatoes is n eed ed to 
condit io n s. 

CON I) I ~N STr\C s Uln 
vious s tudi es, it ha s bee 
t h c ins i c1 e \\' a 11 s 0 f ::t pc 
cO lltro llin g hUlllic1it y.* 

Co nd e n sa ti o n OCC llr s 
th e in s ide a ir t e mpe ra tu 

*S tucli es of Potato S to rag( 
Bul. 615, U. S. D ept. of Agr. 
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P U,RPOSE OF VENTJLATION-Vcntilat ion se rves as t h e quick est 
m eans of chan g in g both t e mperatur e a nd humidity within a storage, 
provicl ed o utdoo r weath e r co nditi o ns pe rmit. Ventilati on is subj ect to 
a \\'icl e ran ge of r egulat ion ; it m ay vary fro m fo r ced ventilat ion to 
th e s mall est a m o un t a dmitt ed thro ug h cracks. N ig ht ventilati on se rv es 
t o re m ove hea t w ith a minimum of moi stur e. N ig h t air , up to th e 
t im e cl ew fo rm s, has th e sam e a bso lu te a m o unt of m o is ture but less 
hea t than cl ay a ir . T he r efo re, ni g ht ve ntil at io n is m o r e des ira bl e in 
t he fall as it lowe r s th e tempe rat ure a nd maintain s hi g h st o rage 
humidity . Day ventilati o n m ay be m or e des irabl e in wint e r a s it lo w ­
er s t he humidity and r edu ces ce iling cond ensation while mainta inin g 
desirable temperature. During th e w int er m onths in w ell -des ign ed 
s torages, usuall y littl e ve ntil at ion is r equired but may be needed during 
un seaso nably warm weath er in winte r, o r in st o rages fill ed beyond 
th eir normal capacity. In th e sp rin g m onth s, night ventilati o n ma y 
he em ploy ed t o k ee p th e storage t em peratur e b elow th e ou t s ide a ve r­
age da ily t emperatur e. Tn ge nera l, it is a dv isabl e t o tak e advantage 
or o ut s id e t empe rat ure a nd humidity belo w those in s id e th e s to rage 
fo r fall ve ntil at ion \\'het her it he cla y o r ni g ht . 

NEED FO /\ f\ T /{ CIRCULATION- Adeq uate a ir circul at io n within 
a s to rage is necessa ry to ohtain reaso nahly unifo rm conditi ons in the 
va ri o us pa rt s o f th e ho use . :Mov in g a ir is the principal m ea ns of ca rry ­
in g hea t a nd m o istur e betw ee n th e co ld a nd wa r111 spaces a nd be tw een 
th e w et and dry ar eas . Sto rages should be des igned so that ther e is 
a deq ua t e space he tw ee n the top o f the hin s an d th e ce ilin g to permit 
fr ee c ir cul at ion of a ir . It is es peci a ll y important that th e re be c ircula ­
tion spaces betwee n th e stor ed potatoes and the ext eri o r wall whether 
it is above or below g round (Fig. 4 ) . To m ake wall circula ti on effec­
tiv e, the vvall c ircul a ti on space sho uld b e open t o th e air above th e 
bin s, a nd a t th e bottom it sho uld conn ect w ith a hori zontal flu e ex­
ten din g entir ely a round th e storage ar ea and openin g into the wo rl.;: a ll ey 
n ea r th e a ir - inta ke door (F ig . 12). A ir circul a ti on in t hese spaces se rves 
t o r emov e heat from ho th the o uts id e w a ll a nd th e potatoes, thus 
permittin g m o re rapid coolin g t o the des ir a ble holding t empe ra ture . 
1n t he wint er th e spaces se rv e to ca rr y the heat fr o m th e cent e r of 
th e ho use to t he co ld wall space a nd preven t fr eez ing o f potatoes 
adj o inin g th ese wall s. 1VI o istur e in th e fo rm of wate r va po r is al so 
conv eyed back a nd forth bet ween th e storage int e ri o r and th e a ir 
space a ro und t he wall. Pr ese nt info rm at ion indi cat es that with well ­
des i g n e cl wall c i r cuI a t io n, v e r y 1 itt I e air 1110 \I e III e n t t h r 0 ugh th e 111 ass 
o f po tato es is needed t o m a intain desirable t emperature and humidity 
co nditi o ns. 

CONDENS I NG SUJ\.FACES- During tIl e course of thi s and pr e­
v ious studi es, it ha s been found that co ncl ensati on o f m o isture upo n 
t he in s ide wall s o f a pota to s to rage may be used to adva ntage in 
co ntro lling hUlllidit y .* 

Co ndensa ti o n occur s wh e r e th e re is a la rge diffe r ence betw een 
t he in s id e air t e mpe rat ur e and t he temperat ur e of th e in s id e surface 

*St udi es o f P o tato S to rage HOll ses in Maine, by A. D . 1-;: c1 ga r , May 1938. T ech . 
Bu l. (j IS, U. S. D ept. o f Agr. 
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of the o ut sid e wa ll s. The in s ide surface of insulated walls w ill be 
warmer than s imilar surfaces of unin sulated walls . Therefore, con­
den sation w ill coll ec t first on the colder, uninsulated surfaces. 

When the out s ide temperatur e ri ses, the uninsulated surfaces w ill 
become warm and som e o f th e condens ed moisture will be again evapo­
rated. Thu s, a hi g he r storage humidity \\'ill r es ult than if ve ntilat ion 
is u sed to r em ove m oisture and prevent condensation throughout 
th e sto rage pe riod. 

This conciensation factor can he used to control storage humidity 
if some un insulated s idcwall areas are provicled. This has bee n done 
in th e plans sho\\'n in Figs. 12, 1.) and 14 hy leaving fr 0 111 12 to 18ill ches 
o f uninsulated concrete \\·all. Th e rest o f the wall is protected by 
han kin g it with ea rth. 

Cond ensa ti o n on th ese o:'ltsid e wall s will not drip hack o nto th e 
potatoes as it \\'ould from conden sa ti on on the ceiling, and it does no 
damage t o th e concrete ~wall. Furthermore, cond ensat ion on these 
surfaces cloes not mater ially inc rease the loss of heat from a s torage, 
but the r em oval of Illoistur e from a storage by ventilation r esult s in 
r e latively la rge heat los .. es. 

Ano th e r m ethod of hand ling thi s problem of conden sation would 
he to in cr ease th e amount of insulati on . Th e amount o f in sulation 
r equired to prevent cond ensation o n ins ide surfaces can be determ ined 
if certain factors are known , a s sh own in Fig. 4. For ideal storage 
conditions of 85-per cent r elati ve humidity and 40° F ., condensation 
can be pr eve nted by adding approximately 4 inch es of fill insulat ion 
betwe en th e wall s of s tandard frame construct ion if the out s id e mini ­
mum temperature do es not exceed 0° F. 

If the re lat ive humidity increases to 95 per cent, a s it fr equently 
does during th e storage period, or if the o uts ide temperature drops 
below 0° F., the incr ea ed amo unt of insulation r equired t o prevent 
condensation would appear prohibitive in cos t . 

S in ce previous discu ss ion has shown that it is also impractical to 
remove thi s co nden sed moi sture by a n exchange of air through the 
building becau se of excess potato shrinkage, a des irable compromise 
may be t o prov id e adequate ceiling insulat ion to pr event condensation 
und er ord in ary sto rage conditi on s, a nd t o provide cold 'udace ar eas 
wh er e moi sture may conde nse without damage and be r e-ab so rbed 
into the a ir a fte r a " cold spell" to maintain humidity. 

POT A TO HANDLING 

In the pa st som e emphasis has been placed on m eth ods of reduc­
ing handling injury in the field at harvest time, but too littl e attent ion 
has been g ive n to reducin g injury in p utting potatoes into and r emoving 
them from storage. Storages sho uld be des igned \v ith provisions for 
handling potatoes quicldy w ith least ch ances for m echanical injury. 
The amount of m echan ical injury sustained in digging, picking, grad­
ing or in transportation increases st o rage losses in several ways. Any 
injury w hich break s the potato skin permits greater evapora tion of 
moi sture and r es ults in excess ive shrinkage. These injuri es al so p ermit 
decay organisms to enter and are a means of spreading di sease . Even 

POTATO S 

though th e injuri es heal, s 
se lling as U. S. No. 1 g rad e. 

FIELD TO STOJ{AGE 
Michiga n is to p ick potatoe 
th e ba ske t ~ into crates, trar 
bin s. This r equir es three I 
to m o vem ent in transport a 
dir ectly into crates in th e f 
a ti o n is e limin atecl, ma kin g 
hin. A noth er "t\\'o-hancl lin 
in some po tato stat es is p 
hox es. Thi s m ethocl \\'as 1 

e xcellent way (F ig. 3) to 
o f potatoes, but cann ot he 
I ~nough box es to fi 11 a sto 
a 11 cl 0 nl y 80 per ce ll t a S 111 ( 

u secl as wh en s to recl in hull 
po tatoes a r c finding that tl 

cft stiN"~f/ 
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( 

:-.... 

Stirrups fT!<Jy 
be mode of !f 01 

reinforcing n 

Fig. 6. Movable stirrups 
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tho ugh th e injuri es h eal, sca r s are left t hat keep th e potatoes from 
se lling as U. S . No.1 g rade. 

FIELD TO STOJ~AGE-Th e common m ethod of harvest ing in 
l\l ichi gan is to p ick potatoes fro m t he row into p ickin g bask et s, clulllp 
th e ba sk et !:i into crat es, tran spo rt to s t orage a nd dum p fr om crates into 
bin s. T hi s r cq uir es t hr ee ha ndlin gs from fi eld t o st oragc, in add iti on 
to 1ll0V C lll cnt in tra nspo rta ti Oll . Som e g ro \\'e r s have potatocs pi ck ed 
dir cc tly into c ra t es in th e fi eld, and in thi s m a n nc r one ha ndlin g opc r ­
at ion is e limin a t ed, m a king o nl y two ha ndlin gs from fi eld t o storage 
bin. A not her "two-hanc11in g" m eth od tllat has provcd vc ry des irable 
in som c po tato sta t es is pi ckin g a nd storing fi eld -run in the pickin g 
hoxes . Thi s m ethod wa s used in fi eld t csts at L a k e City a nd is a n 
exce ll ent way (F ig. 3) to elimin ate in jury and obtain a selec t g rade 
of potatoes, but cann ot be ge nc ra lly recolllmendcd because of it s cost. 
I ~ n o ugh boxes to fill a sto rage cos t as Illu ch as th e s to ragc building, 
and o nly 80 per ce nt as man y po tatoes can bc st o r ed wh en boxcs a r c 
used as whcn st o rcd in hulk . . Ho wcvcr, so m e producc r s o f se lcct g rade 
potatoes are finding that the extra cost of box s t o rage is jus tified. 

cft stirr~~ /r 
~'~ 

Stirrups rT?PY 'f 

be mode ,of !{ or % 
reinforcln9 rod 

F ig. 6. M ovable Sti1'YUPS used for suPP01,ting w alk plan/?'s in filling bins. 
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}< lLLlNG I3I NS- Infilling s t o r age bin s, t h e har ves t tim c ru s h 
r esult s in co n s id e rable car c le ss ness and injury t o th e po tatocs s t o r ed. 
vVo rkm e n o ft e n s t e p o n th e pile o f po t a t ocs, throw cra t es upo n thc 
pil e in dumpin g th em , a nd cl o o th e r things that in c rcase m cc ha ni ca l 
injury . A g ood practi ce infilling s to rage hin s is to k ee p th c to p o f th e 
bin leve l by addin g s hall o w layer s o f po tatoes o ve r th e full wiclth a nd 
length o f th e bin. Tn clumping th c crat es , th e w o rkm cn \\'alk o n plank s 
s uppo rt ed ju s t o ve r th e po tatoes by m o vahle s tirrups hoo k ed ovcr 
girder s o r o th e r s uppo rt s ( Fig. 6) . Vl her e po tat oes mu s t he dr o pped 
(a s thro ugh ce iling ha t ches) t o th e h o tt o lll o f th e hin , th e twi s t ed 
sack chut e see 1llS m o st practical , alth o ugh immaturc po tatoes g o in g 
thro ug h s uch chut es ar c o ft e n se ri o u sly s kinn cd by th e ro ugh sackin g. 

E L EV ATO RS J\ ND CON VEYOH S--ln th c pre s ent study, an cx­
pe rim enta l po rtable elevato r a ncl conv cy o r , sh o wn in Fig . 7, has b ee n 
fo und t o clevate fr o lll the fl oo r t o a hei g ht o f approx i1llat e ly 8 fe c t 
with a minimum o f m a n labo r and littl e damagc t o th c po tatoes . T o 
pre ve nt dr o pping and ro lling- fr o m th e deli ve r y end o f th e C0 11\"C y o r , 
it s ho ulcl be m o ved fo r eve r y few crate s o f po tatoe s handl ed . 

Hl N S ;\ N 1) \ \lOld,- /\ 1_1 J ~ YS- Big c ro p y ears arc us uall y hi g i11 -
jury year s becau se po t a t oes ar c o ft e n fo rced into th e t o ps o f hin s 

Fig . 7. Portable elevator with 16-il/ ch bclt w ith which po tatoes 11/0)' bc movcd 
h01-i::':o l1 taliy or miscd at all, al/ glc 10 thc to p of all, 8-/00 1 pi/c. 

POTATO 

/;i.'l. 8. Cei/il/.<J IlIIlclu's oj s 
(1..'1(.1' Iii rll 1I,c111 silcli 1/(/lcli(,I" e 'i '(, 11 

()J (/ COliC (}J di rl II lI der IiiI' 1/(11(. 

aga i11 st t he ce iling w ith Il 

ca r c to p r e \"c 11 t inju ry ill 
Ill os t 11 0 ti ceable \\·here hi! 
\\" hi c h case th e po tatoe s Il 

o r d cr to II s e a ll 0 f th e s p ~l 
11 m a \" h e 1l 10re des ir, 

is la rgc ; no ll g' h fo r all 0 I 
la rgc cro p yea r s. 

:\ 11 c ll t i0 11 s ho lll d 1)(' g 
a r c m o \'c<! into s t o ragc 
fillin g hin s o f () feci o r g 
work -a lley le n ' ls per hill . 
a dept h of 3 o r 4 feet , 1h 
upper leve l. Thi s r e du cl'~ 
fi lled . F o r \'e ry la rge stc 
d es igl1 ed so th a t tru cks ( 
~ t o r age a l1d t he po tatoes 
1,'0 1' s m a ll s t o rages a \\<1 1 
CO ll c r cie a ll ey 0 11 t he 1 (l\\ ' 

CON 

O th n featur es \\" hi ch 
s t o rage, arc eco ll o mi ca l l: 

ECONOMY- To he (' I 

m e nt s as to in ul atioll, 
prev io u sly. T hc sq uare ( 
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1 "i.l; . 8. Ce ilill.!! ilalc/ies IIJ slura.r;e cellar. Polaloes arc oj l elL illjllred 'in jillill9 .1'101'­

(I..r/I'S Iholl/(;h SIIC/i IlO l ehes ("i 'ell 7\,hell sad' or rodded chilI es arc used. Th e acc1f1mtfation 
IiJ a CUIIC oj dirl IIl1der Ih e Iz a l cll cs is a lso '/IlIdcsiraNc. 

aga in st. t.h e ce ilin g \\·it.h no all o " 'a nce fo r c ir cul at io n abov e th e bin or 
ca r e to pre ve nt. injury in ha ndlin g th e po t.atoes. S uch injury ha s b een 
m os t not iceahle ,,·her e hin s a r e fi ll ed thro ug h s 111 a ll ce iling hatch es in 
whic h casc the pota t ocs l11U St hc s hovc d hac k fr o m unclcr th e h atch in 
onil-r to usc al l o f th e s pace ( Fi g. R) . 

l t ma y he m o rc des irahl e in the lo ng run to he sur e th e s to rage 
is la rge eno ugh fo r a ll o f t h e potatocs w hi ch m ay he cx pec ted durin g 
large cro p yea r s. 

I\U c llti o n s ho uld 1)(' .~· i ve n to work a lle vs throug h which po tatoes 
arc III 0 \'(:' din t () s t o r a g' e a Jl( I gr a d e d a n cl r c 111 0 ' "C d fr o 1ll s t o r age. J n 
fillin g hin s of () fcet o r greater de pth, it is advantageo u s to have two 
" 'o rk -a ll ey levels pc r hin . T hi s perm ibfi l1ing fr o m the low er level to 
a d ept h o f 3 o r 4 feet , th c n fl llin g th e r emaind e r of the bin from th e 
upp e r level. T hi s r edu ces th e a1llo unt 0 1' po tato r o ll a s t h e hin s a r e 
(l lleel. I,'o r \'c ry let rg-c s t o rag'es i li s des i rabl e to ha ve th e wo rk a lley 
de s ign cd so that tru c k s o r wag'o n s may h e driv e n o r hack ed into th e 
:: torage and t he potatoes load ed o r ulll oaded directly fr o m two levels . 
Fo r s 1ll a ll s t o rages a walk - \"ay o n the uppe r leve l is suffici ent a nd 2-

co nc re t e ailey o n t.he lo \\c r fluor is e1csi rahle. 

CONSTRUCTION FEATURES 

Ot he r feat. u res w hi c h sh ou ld he g iven co n sid erati o n in huilding a 
s t.o rage, are eCO ll o m ical u se 0 f mate ri a ls , d urab ili ty and safety. 

ECONO'MY- To lw economi cal, a sto rage mu st m eet the requir e­
m ent s as to in sulat ion, des ign, and h andlin g fac iliti es, as di scu ssed 
previou sly. The square storage is more economical than a lo ng narro\v 
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s to rage o r o nc with ~ haIJ o \\ ' bins. \Vindo\\' s ar e an und esirable extrava­
gance in st orages be'-a u se th ey mus t be shutte r ed to exclude light dur ­
ing th e sto rage se(L ~ ll . Th e use of local material is economical and 
practical if att enti on is g i vell t o proper construction. 

DUHAn[J ~n~ Y-Potato storages may he built to resist weath ering 
and deteri o rati o n, S u rf a ces on wh ich III o isture may form should b e 
treat ed 'with a sphalt paint o r a s imilar prot ectiv e coating. Wall and 
ceiling surfaces should be s11100th to per1l1it fr ee circulation of air 
and ra pid eya po rati on o f moi sture . 

S A FETY F EAT UnE- No s tructure is so und that doe s 110t provide 
a safe "wo rk' ing place fo r th e m en handling the potatoes. S tructural 
m embe rs s hould he of ad equat e size to pr event failur e. The vvorl(m en 
sh o uld ha ve ad equat e head r oom and be r equired to do a minimum 
of cl im bing ladd e r s and over braces in carry ing on th e usual activiti es . 
\Nhe re e lectr icity is availahle , th e st o rage sho uld be w ired to provide 
J igh ts and provid e cu rr cn t fo r grading a nd conveying potatoes and 
opera ting fan s. III gCl1 c ral , th e o utl ets a nd li g hts should be placed 
"wh e re the y ar c 11 0 t lik e ly to he st ruck hy truck s, grad er , o r oth er 
mova ble equiplll e l1t. M o Jel<.:' <J ruhber receptacle s v"i tho ut s\V itch es ar e 
preferred hecau se th ey a rc 1ll o is ture r esi st a nt alld 110t ea s ily damaged . 
O nc s \\ ' itch Il car th c entran ce o n t he lo we r fl oo r level is all that is 
needed, Flex ible , non -m e tall ic conduits placed according t o wiring 
cod e ar e preferred h ecau se o f econ omy. E x peri ence has indicat ed that 
unl e ss ri g id conduit s a r e filled with a ho t molte n compound like "pot­
head compound " hefo r e heing pl aced in se rvice, co nd en sa tion will even­
tually r es ult ill "s ho rtin g " be tween wires . 

REMODELING OLD STORAGES 

M'any sto rages now in use have inadequate in sulation, no protec­
ti o n of s tructural m embe rs aga in st decay, no p rovi s ion for a ir circula­
ti on a nd ve nti la t ion , and no provi sions for handling th e potatoes t o 
and fr om st o rage. If these old s torage s vv e re r emodeled and properly 
m a naged. th ey wo uld g ive r esult s almost a s sati sfactor y a s obtainable 
111 l1ew storages. ! : 1\1 ~.,~ 

STORAGE TYPE AND CAPACITY 

Capaciti es may be in c reased hy r em ovin g unnecessa r y partiti o ns and 
by incr ea s in g eff ecti ve bin depth s . Bin depth s m ay be increased by 
alt ering th e ce ilin g and providing a ll ur)per level w alkway a s is done 
in th e n ew s to rag es (Fig-s . 13 and 14) . In under g round cellars with 
con cr et e ce ilings th e addition s of a dri veway and shed at on e e nd 
'which m ay be used fo r grading \vill i llcrease st or ag e capacity (Fig. 9), 
as all of th e centra l a ll ey thu s is m ade ava ilable for storage. 

INSULATION 

To obta in the a dvantages of: in sul a tion fo r t emperature a nd humidity 
r egulat ion, most o ld st orages need a complet e n ew job of insul a tion as 

POT ATO S 

l : 

F ig. 9. A 1'c -iJl jorced CO l/ cre te I 

heated for [, 

has been done in th e old st 
s t orages it may he des iral 
the ins ide surface fr om v ; 

som e judg m ent in ch oos in; 
in sulation owing to th e el i 
s t or age. 

Vi 

' Nh er e the fr a me of H 
barr ie r provided by a layer 
emuls ion paint may be pIal 
are d ecayed to a point th a t 
s ho uld be g iven t o the li se ( 
alr eady been provided or c 
placing o ld sheathing. Thi 
by cond ensation. 
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Fig . 9. A re inforced co ncrete Hlldcr.lJrO lllld storage. The drive shes!. at lef t 1/l aj' be 
healed for g radillg operatioll s in the w ill tC'1'. . 

ha s been do ne in t he old sto rage shown in Fig. ] -B . I n r em odel ing old 
s torages it m ay be des irabl e t o insul ate t he ceilin g o nly and prot ect 
t he inside surface fro m vapo r da mage. I t w ill be n ecessary to u se 
som e judg m ent in choos ing bet ween comm er cial and non-comm ercia l 
insula ti on owing t o th e differ ences in co st and condi t ion of the old 
sto rage . 

VAPOR PROTECTION 

W h ere t he fram e of t he s tr ucture is not badly decayed, a vapor 
ba rri er p rov ided by a laye r of vapo r -r es is ta nt paper o r a coat of a spha lt 
emulsion pa in t may be p laced ove r t he insid e sheathin g . vVhere wall s 
a r e decayed t o a poin t th at r epla ce m ent seem s des irable, cons iderat ion 
shoul d be g iven to t he use o f shee t m eta l ·wb.er e adequate in sula tion ha s 
a lready b een provided or of }~- inc b , va por -r es istant in sula ti on for r e­
placing old shea thi ng . T hi s w ill p rov ide a su rface not eas il y inju red 
by conden sat ion . 
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CEILING DRIP PANS 

In underground storages with 
reinforced concrete ceiling, pro­
tection against injury from vapor 
is often illlpractical but a ceiling 
drip pan may be fo und desirable 
to prevent m ois tur e which 
condenses on th e ceiling from 
dripping on the potatoes. The 
principle 01 the ceiling drip pan 
is to allow ceiling conclensation 
to regulate the storage humid­
ity, but to p revent the drip which 
accompanies such condensation 
from wetting the potatoes in the 
top of th e bins. Thi s is done by 
spacing corrugatecl metal sheets 
between the tops of the bins and 
the concrete ceiling, the sheet 
metal being supported so that 
the moisture which drips from 
the ceiling ~will drain to the a ir 
circul ation space at th e side 
walls. Alternate sheets should be 
at different heights so that the 
air ri sing irom th e potatoes may 
pass between th em to th e ceil­
ing. as Jllay be seen in F ig. 10. 

Fig. 10. Experi'lll c lIlal ce ilillg dr ip pails. Upper 7lic'w, 1/otier we t putat ocs Hilda 
vare cc ilill Y a lld dr:v /Jo tot UI'S 1/llder drip pall . Til l mcler '7 licw Il o te sto ,I/,I/trill ,r/ of pan t u 
pcr·wit a i r t o flow to a i/ill Y bc t 'lcl!'C II alterllute sh ee ts. 

POTATO S1 

CIRCULAT 

The impor tance o r ai r eire 
a nd th e walls is discussed 0 1 

circulatin g spaces in o ld si( 
ventil ation sho\\'ll ill Fig. ].2 i 
is place d at th e bottom o f the 

Fi.u. JJ. I llttriOI 
i llY clltrallce (If t,- i( 
II CC ts tli l' ope ll W( 
circ ula t ion spa ce. 1 
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CIRCULATION AND VENTILATION 

Th e impo rtancc o f a ir cir cula t ion spaces hCl\\'('cn thc storc(l potatoes 
and the wall s is di sc ussc el on page 17. A m cthod of installing such a ir 
c irculatin g spaces ill o lel s t o ragcs is sho \\ 'n in Fig. 11. Th e type of 
ve ntilati o n sho \\ 'n in Fig. ] 2 is bo th cco no llli ca l a nd effective. The intak:e 
is pl aced at th e hotto m o f th c lo wcr all cy cl oo r anc1 th e o uttak e is placed 

Fiy. JJ. TII/ c r ior 'L, i c'W oj tll c I_okc City storu.<Jc slum'­
ill .iJ c lltn lll CC oj tria ll .(/ II/ur H'u/I-fluo r uir fllle 'wllicll COII­
II cets Iltc open wo rk a/ley w ith u two- illch w aIL air 
c irculation space. Later pract ice llses ligltt b i ll fr o nts . 
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jus t unde r t he ce ili ng a t e it her end of the storage. T he use of an ex­
hau st fan as in F ig. IE is often des irable . \Vhere an ou ttak e is 
prov ided on each end of th e storage a s in F igs. 13 anc1 14. t he one 
on t he Ic e sic1e only should be opened when ve nt ilat ing with outside 
air t hat is much below fr eez in g. 

PLANS FOR STORAGE HOUSES 

J\ s a res ult o f th e inve s t igat ion plans hav e heen deve loped for farm 
potato storages wit h p rovisio ns fo r adequate circul at ion, vent ilat ion . 
insul at ion, a nd hand li ng . F eatu r es of th e new pla ns a r e disc ussed in 
th e fo ll o\V ing pa ragraph s. B lu ep ri nt s fo r th e vario us s iz es and types 
of sto rages m ay be obta ined fro m t he D epa r tm ent of }\ g ri cu ltural En ­
g inee r in g, 1\1 ichi gan State College, East Lansing, IVl ich igan. 

SIZ E OF STORAGES 

] t ha s hee n nC' cessa ry to design seve ral s izes of storages to m ee t 
th e w id e va ri at io n in [arm potato ac r eages . A se ri es of 14 st o rage 
pla ns h av e bee n deve loped fo r hou ses vary ing in size fr o m 550 to 11 ,450 
bushel s capacity. A ll plan s a r e fo r square sto rages, o win g to th eir 
advantages in economy, handling of potatoes, a nd regulation of st o rage 
cond it ions. \-\Th ere plans ar e not available for interm edia te s izes, it will 
often be pract ical e ith er to enlarge the squar e plan by 2 feet each way, 
or t o r e t a in th e w idt h a nd incr ea se the leng th by one bin . 

CARRY -IN STORAGES 

For sto rages hav ing capacit ies of from 550 to 4}00 bu she ls th e 
center work all eys vary in ,v idth from 4 feet 8 inche s to 9 feet 4 inches. 
I n t hese r elat ively small st o rages it is practical to carry the potatoes 
trom t he tr uck at th e door bad:: into t he bins. In the smalles t s tor ­
ages of th is group, 550 t o 800 bu ·h els capacity, t bere is but one level 
of work a ll ey, but by using a movable plank supported on steps in 
thi s a ll ey, potatoes may be convenien tly stored in t h e bins to a 7- or 
8- foot dept h. The la rger sto rages of th is group, fro m 1,900 to 4,700 
bush els capacity, ha ve movable plank: walkways o n a n uppe r level and 
a concrete floo red, lowe r level al ley (F ig. 12). In fi lli ng, th e potatoes 
are carried in at the lower level to fill bins up t o a 3- or 4-foo t depth 
and th en by using m ovable ,\·a lk planks from the upper walkway, th e 
bins may be fi lled to a dep th of 10 or 11 feet. 

DRIVE -IN STORAGES 

The larger storages are of the drive- in type and are of 6,800 to 
11,450 bush els capacity; th ey have two leve ls of work and a dr ive 
all ey of from 10 fee t 8 inc hes to 12 fee t in width, w hi ch permit s farm 
trucks to back or drive into th e storage fo r unloadin g or loading from 
either level. With a relatively large quantity of potatoes to be stored 
and grad ed from storage t he expense of the two a lleys is justifi ed. 
The head room in the two v,Tork a ll eys is just eno ug h to clea r a man 
,val king on the truck bed. 1,,10s t of the potatoes sho uld be carried 
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FILL TYPE 
INSULATION 

~ II CJ JJCAN S PI ~ C I A I _ 13 C U >ET IN 320 

GOTHIC ROOF SECTION 
Pig. 12&. 

6;6" 
POSTS 

1- -~j4K/4"FOOT/NGd ~ 

GAMBR£L ROOF SECTION 
f7i,r;- 12c. 

' 'i SHEATHING 

~ , \ 

~ 

NOTE : S ce tiolls sh o'wli ill Fiy s . 12& ([lid 12c arc adapt (' d t o plans sh ow n in F(q. 12a. 

POTATO STC 

-"1 

I) 
I 

BIN . ~ 

v 

-1 

v 

TYPICA 

PLAN 

A B 
40-0' 40-( 

36-0" 36-( 

3 2.'-0" 32~( 

Pig. 13. Details of eO ll s/ruetit 
1J[ lI j' /i f' ill rrc(tsrd 



POTATO STO HAGES F OR M I CH IGAN 

Grade 

A 

TYPICAL FIRST FLOOR PLAN 

PLAN D IMENSION SCHEDULE 

A B C D -~ 
40-0' 40-0' 10-0" 12'-0" 14'- 0" 

36-0' 36-0 " 9-0" 12~0' 12'- 0" 

32'-0" 32:'0" 8'- 0" 10'- 8" 10'-8" 

Fig, 13. Details of construction for a 6,000- 10 7,OOO-lmshrl s/ora.c;l', Capaci ty 
1Jl ay he illrrr(1srd or dl' rrr' II :,('{1 /} ~V a /l l'r£ ll !J dill/ I' ll sio lls, 

29 
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PART FRAMING ELE.VATIO N 

Mefal 

Oloqonal 1;4"TI6 flaom?,! 
Reverse on oppostfe side 

!'tIl Insuhfton 

Galvmp.fal 

CROSS SE.CTI0N 

FIRST FLOOR :JOOR DETAIL 5 

CROSS SECTION 
SE.COND FLOOR DOOR 

MEETING RAIL 

TYPICAL DOOR DETAILS 

Fi.r; . 73. (C(llItiJlIl{'(I ). 

P OTAT O S'l 

WALL DETAIL 
Scale :;t"= 1'-0' 

Air duct 

Floor>( 

~ .. 

. ~ 
Removable starflnc; plank .. 

CE 

SECTION K- K 
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AIR DUCT SIZES 

BUILDING SIZE. 

32' X 32' 

36' x 36' 

4 0''' 40' 

i:20anChor bolls 4 CO"o.c 

AirClrc.ulollon duct 
Galv metal anchor /[x9" 

N 
18" 

2i" 

24" 

/',,6" boardsj'space befween 

R 
12" 

16" 

18" 

CE.NTE.R AIR DUCT 

WALL DETAIL 
Scale :;t"; 1'-0· 

Air duct 

Floor::y 

/ .... . ("' . . . 

". ~~ ~.: ::.: : 

Rerr>(MJbie starting plank 

CENTER AIR DUCT DEJAIL 

ELEVATION OF E.ND WALL VENTILATOR 

Fig. 13. (Co ll tin1wd). 

31 
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f ro m the t ru ck a nd dUlllped into the IJi11 , esp ecia ll y fr o m t h e upper 
level , rath e r th a n b e ing clumped fr o 111 the truck h ed a nd a ll o w ed t o roll 
d o\v n Io n gin c 1 i 11 e s . To uti I i % e h 0 1ll e -sa\\' e cl lum he r , th e g a III b r eI a n c1 
go thi c r oo f types we r e c1 es ig ned fo r each sto rage s ize, exce pt the two 
small es t , fo r w hi ch th e ga mhre l r oof o nl y was pl a nn ec1. 

GAMBREL ROOF 

The ga mbrel roo fed sto rages (F ig. B) u sc 2 by 4 o r 6- in ch clim e n­
s io n lumhe r for th e rafter s. Th e upp e r a nd lo \\' e r s lope raft e r s are 
inte rchangeahl e. T he roo f and cei lin g s lo pes a r c as fo ll ows: (1) th e 
lowe r roo f r a ft e r s ha ve a slo pe of 2 :1, (two vert ica l to o n e ho ri zontal) 
which is s t ee p ell o ug h t o g iy e a dequ a t e head r 00 111 durin g the :fillin g 
of th e bin; (2) th e upp e r roo f rafte r s ha ve a slo pe of 1 :2, which is 
a ho ut as :Aat as is practical t o u sc w ith th e COm1l10 n types o f r oo fin g 
material s : (3) th e hraces a t th e junct ion o[ t h e uppe r a lldlower raft e r s 
s lope 1 :1; (4 ) th e ce iling fo ll ows th e slope of t h e lower r a ft e r s t o 
th e braces a nd fo llo\\ 's the hraces to the h o ri zo n ta l ce ilin g w hich co n ­
nec t s th e uppe r rafter s a nd prO\' id es a sh a ll ow a tti c space above . Th e 
a tti c spac e is d es ira hle for venti lat in g th e in sul at io n above th e ce ilin g. 
The purlin is s upported hy ]losts exte nclin g upw ard fr o m e it h e r s ic1 e 

nRST FLOOR tlA.tY 

/~6~Louvers 

E 1Y.(2 .5.£ C T/ON 

S"-I ':'-.J "ll'of'Iers 
2'{' '' 0. c . I 

/ ''.r6''Roor boards 

I 

F ifJ. 14. LCI/llill a/cd rafter putatu stura.lJe !,UIlSC. No te: CO ll str llction deta£ls 
are s imilar to thuse ,in Fit}. 13, 

P(HATO 5"1 

of t he wo rk a ll ey . Th is m el 
posts a nd some stiITn ess to 
ce ilin g t o permit ull obs truc 

T h e got hi c r oofed s toraL 
to use ~ lllal1 c1illl cns io ll. h ~ 
minimulll radiu s o f r oof CUI"' 

for eac h s ide o f t h is roof ar 
a r c t o he bCllt up a nd na il ( 
Th e roo f is o f th e typ c c1 c\ 
o th e r c lasses o f farlll l)l1ildir 
g ives add it io na l roo f st iffll 
has a IllillilllUlll slope of 1 : 
port io n a ll d extencis to the r 
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PERSPECTIVE VIEW 
1'i!J . 74. (Co ll li llll ed). 

of th e wo rk alley. Th is m e mber provides th e uppe r a ncho rage for the 
pos t s and some stilln ess to the ro of. The purlin is placed above the 
ce ilin g t o p ermi t un ob struct ed How of air below. 

GOTHIC ROOF 

T he gothic r oofed s t o rage ( Fig. 14 ) ha s he e n des igned particularly 
to u se :-' 111<111 dim c ll s ioll, h Ome-S;l \\·ed lumber. For thi s type roof a 
minimum radiu s o f r oo f curvature of ]4 feet has b ee n u sed. The rafters 
fo r eac h s id e o f this r oo f are m a d e up of fiv e 1- by 3- in ch pi eces which 
arc to be bent lip a nd nail ed togeth e r in forms o n the sto rage floor. 
The roof is of th e t y pe deve loped by th e M ichiga n State Coll ege for 
ot 11 C l' cl asse s 0 f fa 1'111 hll il dings . }\ s i 11 t 11 e gaJll breI r oof type, th e pUl-l in 
g ive s add i tiona 1 r oo f s tiffn css. Th e upp er part 0 f tll e got hic roof, 
ha s a l1li1lillllllll s lo pe oE 1 :2, thi s s lo pe s tarts ta1lgent to the cur ved 
portion and extends to t he ridge. 
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N .k'L_- 7:& G Sheafhing 

5-/''(J'' LJuJ/f Up rorf~ 
24"OC 

j 'X6
11 

Shiplap 
I:ntf;t-tt-+-A---Shinq/e s 
~~~~218 N Pjofe 

Air circulation duct 

TaG. Boards 

Fooring 

WALL DETAIL 
Scale .i1/~/~O" 
--- 4 --

Fig. 14. ( Co nti1lued). 

ma-h:rial, 24 ac. 

E ST IMATES OF COST 

T ables 3, 4, a nd 5 sh ow t h e amount s o f m a t e r ia l r equir ed a nd th e 
ite mi zed cost at a ssum ed uni t p ri ce s fo r la bo r a nd m a te ri a l. T he bas is 
of es tim at in g a nd not es o n co nstr uct io n a r e g ive n in th e fo ll owill g 
pa ragraphs. 

LUMBE I\ - A bill o f ma te ri a l is included in Tables 3 t o 5. B y fo l­
lowing th ro ug h th e t o t a l uni t co st of mate ri a ls in these t a ble s, it w il l 
be seen tha t lumb er u sed in one pl ace ha s a g rea t er un it cos t th a n 
lumber llsed in a no th e r . T he uni t cost s a r e m a de up o f th r ee fact o r s: 
(1) t h e lumber cos t, w it h va lues ra ng in g fr o m $35 per t housand fo r 
p la nk t o $ 120 per t hou sa nd fo r ha rd wood bolst e r m a t e r ia l ; (2) t he 
cos t of na il s w h ich var ies fr om 70 cent s pe r t ho usa nd boa rd foo t fo r 
fra m ing to $3 per t ho usa nd sq ua r e feet of r oof shing led; (3) t he cost 
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Table 3. Cos t E s timates for Michigan Potato Storages . 

14 ft. x 14 ft. 

Item Building Gnit Cost 'Cnit I 'Cnit Cost 2 Gambrel 

(.500 bu. ) 

I 
l. 
2. 
3. 
4 . 
.'5 
6 . 

Excayation . 
Concrete . 
Sills . .. . .. . 

C u Yd .. . j 
C u . yd . . . 
~I l 

8 . 
0. 

10 . 
11 . 
12. 
13. 
14 . 
15 .. . 
16 .. . 
17 . 
18. 
19. 
20 . 
2l. 
22. 
23 . 
24 . 
25 . 

Posts . . " .. .. . 
Girders- Ties. 
Plank 3 .••• • • ••• 

Studding ... . .. . 
C leats 4 .. •• . . 

J oists- fioor . . .. 
Joists-ceiling. 
Rafters 5 .• • • • • 

Purlin . . . . . . . 
Shiphl,p 6 . ••.... 

Boards D & ~I ; 
Siding . . . .... . . 
Bolster . . 
Shingles. 
Insulation S . 

Surfacing 9 • • 

Surfacing 10 . 

Chimney . . . . 
Sill Bolts . ... .. . 
Post Dowels . . 

j£~l,~d~~:r~ i2 : . : : : I 

TOTAL ... . . 

~-I. 
~1. . 
~1. 
~1. 
~1. 
1\1. 
M .. 
-;\1. . 
;'1. 
~1. 
~I .. . 
1\1. . 
~I ... . . . 
Square .. . 
Sq ft . . . 
Square . . 
Square. 
Ln. ft 
Each . .. 
Each .. 
Ln. ft. 
ErLch . . 

120 70 of Tot al Est . Bldg. Cost . . . 

Cost of Bldg. per Bu . of Storage . 

,/'04-0 
1 = ~I ==-tee-Board feet of lumber. 

1'> . • 50 
7 00 

61 . 70 
.'56 . 70 
81 . 70 
48 . 70 
56 . 70 
76 70 
61 . 70 
61 . 70 
61 . 70 
81 . 70 
54 90 
.56 40 
79 . 20 

136 20 
10 . 30 

.08J 
4 .00 
.'5 . 94 
2 . 2.5 

. 24 

.16 

. 22 
9 . -15 

2 = U nit C ost = C ost. of mat erial and labor. 

Amount 

29 
10 
; .5 
54 

8 
446 

78 
149 

48 
197 

.56 
496 
878 
188 

3 08 
4 . 30 
4 3 
1.9 

13 
14 

2 
36 

1 

3 = Plank = Bin front s, walk, and drive\\'ay plank~ . 

4 = Cleats = 2" x 2 " ai r-sp,l,ce studding and bin-front cleats . 
5 = Rafters for arch roo f at $69. 10 p er :YI. 
6 = Shiplap = Sh eath ing used on outside \\'all and roo f. 

Cost 

~ 14 . 50 
70.00 

4 . 63 
3 06 

.65 
21.72 
4.42 

11 . 43 

'2:96 
12 . 15 

4 . 58 
27 . 23 
49 52 
14 89 

.. 3i : 72 
34.83 
17 . 20 
11 . 20 
29 25 

3 36 
. 32 

7.92 
9.45 

8386.99 

8464 . 39 

S 0 . 928 

16 ft . x 16 ft. 

Gambrel 

(800 bu .) 

Amount Cost 

38 S 19 .00 
12 84 00 
86 .5 31 
60 3 40 
10 .82 

502 24 45 
93 .5 . 27 

190 12 . 20 

' 60 3. 70 
240 14 . 81 

64 5 . 23 
619 33 . 98 

1 ,071 60 40 
235 18 . 61 

3.84 39 . 59 
.559 4.5 . 28 

.5.6 22 . 4C 
2.4 14 .26 

14 31. 50 
16 3.84 

2 . 32 
40 8.80 

1 9 4.5 

$466.62 

8.599.94 

S 0 . 7.50 

20 ft. x 20 ft . 

G'Lmbrel 

(l,900b u. ) 

.\mount 

82 
23 

107 
84 
50 

1 , 180 
160 
253 

" 74 ' 
308 

40 
09.'5 

1 ,784 
395 

6 . 00 
904 

9.0 
4 . 0 

19 
20 

2 
50 

2 

Cost 

S 41.00 
151 . 00 

6 . 60 
4.76 
4 . 09 

57.47 
907 

] 9 41 

4. :37 
19.00 
3.27 

.56.63 
100 . 62 
31.28 

·6i .80 
73 22 
36 00 
23 80 
42 75 

4 80 
.32 

11 . 00 
18 00 

8781 . 36 

8937 . 63 

S 0.493 

20 ft. x 20 ft . 24 ft . x 24 ft . 

----
Arch Gambrel 

(l,960 bu ) (3, 150 bu ) 
------ - - - ---

Amount Cost .\mount Cost 
- ---- --- - --
44 S 22 . 25 96 S 48 . 00 
18 124 . 60 26 182.00 

107 6.60 128 7 .90 
90 5.10 180 10 . 21 
40 3 37 15.5 12 . 66 

831 40 .'50 1,50.'5 73.24 
190 10 77 312 17 .67 
191 14 6.5 307 23 . . 5.5 

'88 ' 5 . 43 104 6 42 
480 33.20 649 40.04 
133 10 . 75 48 :3.92 

2 , 095 124 60 1 , 400 76 .86 
1 , 100 57 . 60 2,328 131 . 30 

570 45.20 :336 42 . 45 

640 65 90 ' 8:64 ' 88.99 
1 , 000 81 . 00 1 ,906 1.54 39 

10 .0 40 . 0(1 12 . 7 50 . 88 
5 . 1 30.00 .5.4 32 . 00 

20 4.'5 . 00 20 4 .5 .00 
20 4.80 24 .'5 . 76 

2 .32 4 .64 
48 10 . :38 .58 12 76 

2 18 9(1 2 18 90 

$801 . 12 81 , 085 .54 

£1961 . 34 $1 , 302 . 6.5 

S 0 . 490 s 0 . 41 3 

7 = Board s D & ~I = Boards used for all in side sheathing ,1,nd a ir spaces . 
8 = Insulation = 4 " thickness of fill- ty pe insulation; 6 " are used in 24-40 ' buildings. 
9 = Sur facing = Yapor prot ect ion of insulation from inside of build ing . 

10 = Surfac ing = Exterior paint 3 coats . 
II = Troughs = Eaves troughs and down spouts. 
12 = Hardware = Door hinges and locks. 
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Table 4. Cost Estimates for Michigan Potato Storages. ~ 

24 ft . x 24 ft . 28 ft. x 28 ft. 28 ft. x 28 ft. 32 ft . x 32 f t. I 32 ft . x 32 ft . 

Item Building G nit 1 C O" Gnit 1 Cnit CO" '1-- Arch Gambrel A rch Gambrel A rch 

(3, 130 bu .) (4,700 bu ) (4,600 bu ) (6,800 bu.) (6 , 960 b u .) 

Amount Cost Amount C ost Amount Cost Amo unt Cost Amo unt Cost 
--------------,--------- ,---------1 

1. .. Exca\·ation.. C u. yd . S . 50 64 S 32 . 00 124 S 62 00 87 S 43. 60 200 8100 . 00 164 S 82 . 2.5 
2 ... C oncrete . .. C u . yd. 7 00 22 157 .60 31 21 7 .00 28 193.60 48 33 6 . 00 45 314.80 '7' 
3... Sills. 1\1 1. 61. 70 128 7 . 90 150 9 . 26 149 920 171 10 . 51 17 1 10.51 ..;:" 

g: .. b~iders~'Ties ~i: ~t ~g l~g 19 . ~g i i~ i~ . ~ ~ 1 n 1~ . ~~ ~~~ ~t ~6 ~~~ g: ~g Q 
6. Plank 3 .... ::'I I .. 48. 70 870 42.40 1 ,890 9204 , 1.52 5620 2 , 564 124 .87 2 ,482 121.00 :::::; 
7 . Stud d ing. ::'II . .')6 . 70 229 13 . 00 364 20 . 64 270 15 30 532 30.16 371 21 .. 50 ,-, 
8 . C leats · .. .. .. ::'I I. 7 6 ~ 0 220 16 . 88 366 28 07 272 20 . 90 .?02 ~8. 50 400 . 30. 7Q > 
9. JOIst s--fioor::'lI. 61./0 ..... . 0 12 31.39 192 11.80 Z 

10 . JOists--ceiling ... ::'I I .. 61.70 122 7 . . ')3 130 802 10')0 9 24 272 16 . 78 182 11.22 
11. Ra,fters 5 ........ ::'II. 61. 70 .533 36.90 870 5368 900 62 . 20 1 , 122 69.23 1 , 2.50 82.80 UJ 
12 . Purlin ..... ::'II. .. 8 1. 70 128 10.4.5 .56 4 . . 58 224 18 30 122 10 . 46 213 17.40 '"ij 
13 . Shiplap 6 .. ::'I I ... .,)490 2 ,959 17;) . 80 1 , 89.=. 104 . 04 3, 752 222 . 80 2 ,4.')6 134 . 83 4,7 10 280 .00 tT1. 
14 . Board s D&::'II ' ::'I I. 66. 40 1 ,430 75 . 00 3, 058 172 . 47 1 , 740 91.20 3 ,864 217 . 93 1 , 600 83 . 90 n 
15. Siding... ::'II .. 79.20 687 54.50 719 .56 . 94 810 6420 920 72 . 86 1 , 113 88.00 )--; 
16 . Bolster .. ::'II. 136. 70 ....... .. I . 80 10 . 94 40') 6 . 1.5 > 
17 . ::-ihingles ..... ::-iqurLre . 10 . 30 984 103 .00 11 . 8 12 1 . 60 12 . 6 130 . 00 15 . 4 1.')8 . 50 16 . 0 164 .80 r 
18 . I,lls11la,t ion s ..... 1 ~q f t ... 0 .081 1.854 150 40 2 , ~7 2 208 . ~3 2. 395 1~4 00 3, 190 2.58.59 2,97~ 241.50 IJj 
19 . ~ ur faclllg 9 ..... ~quare.. ~OO 14 . 1 .).) .40 1: 1 68:?6 1~1 I~ 40 22.3 ~9 . 0~ 22 . .::> ~O.OO ,.--; 
20 . SurfrLc lllg lO .. Sq uare. .).94 6.2 36.90 1 . 2 42 . 11 1 .3 43 . 30 9. 2 .)4 . 6.::> 10 . 0 D~L40 '--< 
21. C himney ... Ln.ft . . . 2.25 21 47 . 25 22 49 . . 50 22 4950 24 54. 00 24 .::>.,2;') l' 
22 . Sill Bolts. . . . . . :Each " 1 . 24 24 5 . 76 28 6 . 72 28 6 . 72 32 7 68 32 7 68 l' 
23. Post DO\I'e ls . ErLch . .. . 16 4 64 4 .64 -t .64 6 96 6 .96 (TJ 
24 . T ro ughsll . ... Ln.ft... 22 56 12 . 32 66 14 .52 64 1408 76 16 72 7;") 1650 .f-J 
25 .. Ha.rchl·are 12

.. Each. . 9 4.5 ______ 2 ___ 18 90 __ ~ ____ 18 90 ____ --=- __ 1_8~ ____ 4 _ ____ 37 .80 ____ ~ __ 37 80 Z 
TOL\ L .... ______ Sl ,0746.5 ______ ~~75 .3 0 I· ..... Sl ,3 .5 3. 27 Sl , 933 . 69 ... S l ,870 . 06 ld 
1 ~0 CO of Totc'l. Est. ]3l(lg _. Cost. . . . _. _. _. _ .. _._._ . • Sl , 289 58 _. _. _. _. '-'-'-'1 $1. 662 3~ I " . . $1, 623 9~ . . .. . ~2 , 320 43 1' . . . . ~, 24.'5 . 15 0 

C ost of Bldg. per Bu . of :-Storage. . . .. ....... S 0.412 ....... . S 0 .3.)3 . S 0 . 3.:>3 S 0.341 ........ S 0 .330 

1 = ::'I I ~ Board feet o f lumber. 
2 = l.-nit Cost = C ost of material and hbor . 
3 = Pla nk = Bin fronts , walk a nd dril'el\' ay plank:; . 
4 = C leats = 2" x 2" ai r-space st udding rLnrl bin front deats . 
5 = Raft ers for arch r oof at 869.10 per ::'II. 
6 = Shiplap = Sh eathing used on out side \\',,,11 anrl roo f. 

i = Boarel ", D & ::'I I = Board s used for all inside sheathing a,ncl rLir spaces. 
8 = Insulation = 4" th ickness of fill-type ins ulation ; 6 " a re used in 24-40 ' buildings . 
9 = Surfacing = YrLpor pro tect ion o f insu lation from inside of building. 

10 = Surfacing = E xterio r paint 3 coats. 
11 = Troughs = Ea\"es trougbs and down spouts . 
12 = H ard\yare = Door hinges and 10cJ.~s . 

Table 5. Cost Estimates for Michigan Potato Storages. 

36 ft . x 36 ft . 40 ft . x 40 ft. 

H e m B uil d ing U ni t Cost Unit Un it Cost 2 Gambr el Arcl! Gambrel Arch 

(8,600 b u .) (9 ,050 b u .) (l 1 ,450b u ) (11 ,480 b u.) 

Amo un t Cost A m o unt Cost Am ount Cost I Amoun t Cost 

1 . Excavat ion. C u . yd. $ . 50 190 S 90 . 00 184 $ 91 .80 178 $ 89 .00 178 $ 88 . 90 
2 . C onc rete ... C u . y( i. 7.00 49 343 . 00 80 3.53.00 .53 37 1 00 5.') 387 . !i0 
3 . S ills ... . .. M l ... 61 .70 192 11 .85 192 11 . 86 214 13 . 20 214 1:3 . 20 
4 . P osts ........ M . ......... .... . 56.70 432 24 . 49 306 17 . 34 4:36 2.5 . 86 306 17 . :34 
;) . G irde rs--T ies. M . .... .. .... . . . 8 1 .70 0')44 44 . 44 243 19 . 80 .560 45 . 75 334 27 . :30 
6 . Plank 3 •... M .. 48 . 70 3, 04R 148 44 2.864 140 . 00 3,3.52 163 . 24 3 ,070 149 . ;iO 

Studding. M .. .')6 . 70 600 34 . 02 624 3.=. 40 708 40 . 14 700 3D . 70 
H . Clea,t s " ... . .. M . 76 . 60 .,):,7 4 1 . 19 432 33 . 20 .'572 43 .87 46:3 36 . ;iO 
9 .Joists--f\o or . M . 6 1 .7 0 flf)4 40 . 97 2.")2 1.5 . .5 " 7flO 46 . R9 282 17 . 40 
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Table 5. Cost Estimates for Michigan Potato Storages. 

Item 

1 . 
2 . 
:3 . 
4 . 
.'5 . 
6 .. 
7 . 
8" . . 
9 . 

10 . 
11. 
12 . 
13 . 
14 . 
1.'5 . 
16 . 
17 . 
18 
19 .. 
20 . 
21 .. 
22 . 
23 . 
24 .. 
25 

TOTAL ... 

Builfling l:"nit 

Excavation . 
Concrete .. 
Sills ...... . . 
Post s ... . .... . 
Girders- Ties. 
Plank 3 .. 

St udding . 
C leats 4 .••.•. 

Joists-floor ... 
Joists-ceiling . 
Raft ers ". 
Purlin ... . 
Shiplap 6 ....... . 

Boards D &: :\1 ' . . 
Siding .. .. . . 
Bolster ... . 
Shingles ... . 
Insulation 8 

Surfa.cing 9 • • . 

Surfacing 10 . 

Chimney . . 
Sill Bolts .... . 
Post Dowels . 
Troughs 11. 

Hardware 12 .. 

120 % of Total Est. Bldg. C ost .. 

Cost of Bldg. per Bu . of Stontge . 

1 = M = Board feet of lumber , lOOe 

C ost Unit 

Cu . y d .. 
Cu . y d . 
M 1 .. . 

M .. . 
M .. 
M .. 
M . . . 
M .. 
M .. 
M . 
M 
M 
M . 
M .. 
M . 
M . ..... 
Square. 
Sq . ft .. 
Squ are .. 
Square. 
Ln. ft. 
Each. 
En.ch .. 
Ln. ft. 
Ea.ch. 

2 = Unit Cost = Cost of mtLterials and labor. 
3 = Plank = Bin fronts, walk and driveway planks. 
4 = Cleats = 2" x 2" air-space studding and bin front cleat s. 
5 = Rafter s for tLrch roof at $69.10 per 1\1 . 
6 = Shiplap = Sheathing used on outside wall and roof. 

Unit Cost' 

$ . .'50 
7 .00 

61 . 70 
56 . 70 
81.70 
48 .70 
56 .70 
76 . 60 
61 .70 
61. 70 
61. 70 
81 .70 
.'54 . 90 
.')6 . 40 
79 . 20 

136 . 70 
10 . 30 

0 .081 
4 .00 
.') 94 
2 . 25 

. 24 

. 16 

. 22 
9 .4.5 

36 ft. x 36 ft . 40 ft . x 40 ft . 

Gambrel Arch Gambrel Arch 

(8,600 bu .) (9,0.'50 bu. ) 0 1 ,450 bu ) (11 ,480 bu.) 

Amount Cost Amount Cost Amount Cost Amoun Cost 
----

190 $ 90 .00 184 $ 91. 80 178 $ 89 .00 178 $ 88 90 
49 343 . 00 80 353 . 00 .'53 371 . 00 .'5:5 387 .')0 

192 11 .8 .'5 192 11.86 214 13.20 214 13 20 
432 24 .49 306 17 . 34 456 25 .86 306 17 34 
544 44 .44 243 19 .80 .560 45.75 334 27 . 30 

3, 048 148.44 2.864 140.00 3,352 163 . 24 3, 070 149 . ,'i0 
600 34.02 624 35 .40 708 40 . 14 700 39. 70 
537 41. HI 432 33. 20 .5 72 43 .87 463 36 .. ,)0 
664 40 . 97 2.')2 15 . 55 760 46 .89 282 ]7 . 40 
342 21 . 10 228 14 . 08 378 23 .3 2 280 17 . 30 

1,444 89 . 09 1 ,944 134 .50 1 ,848 114 . 02 3 , 140 217 00 
144 11 76 288 23.70 160 13 . 07 400 32 70 

3 ,000 164 .70 .5 ,81.'i 346 . 00 3, 703 203.29 6 ,923 412 00 
4 , .')91 2.58.93 1 ,800 94 .40 .5,644 318 . 32 1 , 94.5 102 00 
1 , 092 86 . 49 1 ,248 98 .80 1 ,303 103 . 20 1 ,400 111 . 00 

88 10 . 94 4.5 6 . 1.5 80 10 . 94 4.5 6 . 15 
19 . 1 196 .70 19 .44 200.00 24 . 0 247 . 20 24.0 247 00 

4 , 122 333 .88 4,097 332.00 4 ,966 402 .2.') 4 , 973 403 . 00 
2 , 7.51 109 . 92 27 .3 109.50 33 . 0 132 . 16 33.21 132 60 

10 9 64 .86 11 . 2 66 . . 50 13.0 77 .40 12 . 61 74.80 
2.5 .56 . 2.5 2.5 .56.2.5 26 :'i8 . .50 26 :')8 . :,)0 
36 8. 64 36 8.64 40 9.60 40 9 . 60 

6 96 9 . 96 6 . 96 6 . 96 
80 17 . 60 82 1804 86 18 . 92 88 19 86 

4 37 .80 4 37 . 8C 4 37.80 4 37 .80 
-------------

$2 , 248 .02 . .. $2,26.5 27 .. .. $2,609 90 . . . . . . . $2 , 6.'i8 . 11 
----

$2, 697 . 62 . . .. . . :1' 2 ,718 . 32 " . $3, 131 .88 '" . . $3,189 n 
------

1$ o 313 ........ $ . 300 . . . .. $ 0.274 ... . . .. $ 0 . 278 

, = Boards D &: M = Boards used for all inside sheathing and air spaces. 
S = Insulation = 4 " thickness of fill-type insulation ; 6 " are used in 24-40 ' buildings. 
9 = Surfacing = Vapor protection of insula tion from inside of building. 

10 = Surfacing = Exterior paint 3 ccat s 
II = Troughs = Eaves troughs and down spouts. 
12 = Hardware = Door hinges and locks. 
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of labo r which is figur ed at $1 per hour, vary in g from $8 a thousand 
for th e ra ndo m -w idth , walk drive and bin pla nk s and $32 per thou sand 
for th e built-up rafte rs for got hi c roof to $40 per thou sand sq uare feet 
o f roof shing led. Thu s, t he tot a l unit CO "t for plac in g the va rio us types 
of lumber which includ es material , la bo r , a nd nail s, var ies from $48.70 
for planks to $136.70 fo r hol s t e r s . 

CONCRETE \\fORK- Wh e re th er e is a good banked sit e and gravel 
a nd sa nd a r c ava il ab le for concrete ,vo rk, th e cost per cub ic yard of 
co ncrete in pl ace may be much less than the $7 used in th is es timate. 
On th e other hand , o wing to hi g her cost o f aggregat e and th e placing 
of fo rm s, the con t ract price fo r th e concrete work may exceed $7. It 
is des irab le t o m ak e stro ng concrete wall s for th e undergro und part 
of th e sto rage. T he diameter of th e la rges t s tones in th e aggregate 
in this case should neve r exceed one-s ixt h of the thickness of the wall. 
Th e wall s a r e a ll 8 in ches th ick a t top and incr ease in thickn ess at the 
rat e of on e- ha lf in ch pe r foot o f height. For th ese s torages, which 
have r elativel y lo w \\" a 11 s, no r einforcing is r equired . Th e detail s of 
const ruct ion as sho wn in pl a ns shoul d be carefully follow ed. 

INSULATION-Ins ul at io n used in th e end wa ll s and roof, if of the 
gra nul ar type, will o rdin ar il y fill the space betw een th e studding and 
I)e t \\"ee n th e raft e r s. Insulati on is separated from th e in sid e storage 
air by a vapo r -res istant m embrane, and exposed to th e o u tside air 
\\'hi ch circul ates thro ug h th e louvered a tti c space. 

SURFACING AN D VA POI\. PROTECTION-The vapo r -res istant 
membran e, usually o f reinforced waterproof paper, is used to protect 
th e insulat io n from th e moisture in th e storage a ir. A good three-coat 

. paint job is used to protect th e siding from th e weather. 

MISCELLANEOUS ITE11S-The re w ill a lso be th e additi onal item s 
of hard ware, eaves troughs, and a brick chimney* which are not d is­
cussed sepa rate ly but a r e included in the tables . 

RELATION OF I-IOUSE SIZE TO BUSHEL COST- \ l\1hile the 
capaciti es a nd t o tal a nd uni t costs of the var io us s torages are g iven in 
Tabl es 3-5, a bett er id ea of th e r elation of sto rage s ize to cost pe r bushel 
of storage space may be had by refer ence to F ig. 15. It w ill be not ed on 
the graph that the small er sto rages cost about 85 cents per bu shel of 
capacity, the m edium s izes 40 cents, and the la rgest sizes about 27 cents 
per bush el. Fro m thi s cha r t it wo uld seem adva ntageous for two or 
three far m er s to coope rate in building a la rge s torage. Th e di sadvan­
tages of cooperat ive st orages are th e division of work at fi lling time 
and in g radin g out of sto rage and th e divided respon sibility for control 
of storage condit ion s. Many gro\ve rswould rath e r pay more a nd h ave 
exclusiv e contro l of th eir storage. 

*To fac ilitate th e use of a rti fic ia l h eat a ll Mich igan storages should be equipped 
w ith fir e-safe chimn eys a nd stov es for heat ing durin g prolonged co ld spe ll s. 

...... 
V) 

~40 
~ 
O"l 
~ 30 

~ 
lO 

POTATO 

rr", 
~~. I 

e-\ 
~ 

\ 
~ 

~'" ~ 
........... 
~ 

Z 3 4-
Storoge c. 

Fig. 15. Relatioll of sto. 

Many lVl ichi gan potato 
no longer ex ist. In the pc 
shipping res ult ed in th e c1 
warehouses a long th e trac 
ways and tr uck ing it has 
on the farm . Farm storag 
to keep the stored potatoe 
"slack" time for grading. 

As a result of investiga 
a better understanding of ~ 
ing these requirements ha 
have been developed to me~ 
sit es, and available mater ia 
atten tion given to hanc1lin; 
with two-level work all ey ' 
bin s, and cons id erat ion has 
mechanical injury. T'hese 
planned to use condensing : 
ment the usual vent ilation 

For the immed iate futul 
continue to be placed in e)i 
to remodel ing old storages 
storages are (1) the ce iling 
vapor-protected surfaces ; 
t il at ion provisions . 

--------------------------------------------------------------~. ~-------------------



..... 
II') 

840 
Q.l 

c::h 
~ 30 
Q 

t) 
lO 

POTATO STOH.AGES FOR Nt ICHIGAN 39 

I T "-~~ I 

-\ Symbols t----
• G am breI I'"oof 
o Gothic roof 

\ 
\ 

\. I 

8~ 
~ 

'" ~ r---H r---~ h - r---~ 
I 

~ 

Z 3 4. 5 6 7 8 9 10 II Il. 
Storoge GOpoc;ty (tnousand5 of bU!>he'~ 

Fig. 15. Relation of storage si:::c to cost PCI' bllshel. 171'0 111 taMes 3-5. 

CONCLUSIONS 

Many Michigan potato storages w ere developed for conditions that 
no longer ex ist. In the past, the sole dependence upon railroad s for 
shipping re sulted in th e development of commercial and cooperative 
warehouses along the track, but ,<\lith the development of good high ­
ways and trucking it ha s been founel desirable to plan ne w storages 
on the farm. Farm storages are also favored by growers ,\'ho want 
to keep the stored potatoes under their own control and to use their 
"slack" time for grading. 

As a result of investigations conducted during the past few years, 
a better understanding of storage requirements and methods of meet­
ing these requirements has been reached. New farm -type s~orages 
have been developed to meet the requirements of a wide range of size s. 
site s, and available material. Of outstanding importance has been the 
attention given to handling. The new storages have been developed 
with two-level work alleys that are particularly c1esirablewhen filling 
bins, and consideration has bee n given to conveyor handling in reducing 
mechanical injury. These storages use in sulation e ffici ently and are 
planned to use condensing surfaces and air circulation spaces to suppl e­
ment the usual ventilation in th e control of storage conditions. 

For the immediate future, mo st of the farm- stored potato crop ,,-ill 
cont inu e to be placed in ex ist ing storage s so attention ha s been given 
to remodeling old sto rages_ The new development s for improving old 
storages are (1) the ceiling drip pans; (2) planned condensat ion against 
vapor-protected surfaces; and (3) better planned circul ation and ven­
tilation provisions. 
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