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INTRODUCTION 

The strayvberry is the most popular of all small fruits. Its beauty, 
delicious flavor, and the fact that it ripens before other fresh fru it s 
are available insure an active demand for th e strawberry in all markets. 
In addition to its use as a des sert fruit, the strawberry is "\videly used 
for canning, for preserves, and as a flavoring for ices. 

From the standpoint of the grower the strawberry has seve ral advan­
tages. It offers a source of cash in the early summer. The period of 
time between the se tting of the plants and the first ha rvest is le ss than 
with o t her small fruits and much less than w ith tree fruits. 'The straw­
berry is adapted to cultu re in th e garden under very inten.- ive concli ­
tions or in the field "\\There it can be g iven less detailed attention. It 
can be produced successfully on a wide variety of so il s, under widely 
different cl imatic condit ion s, and it is attacked by compa ratively few 
se rious pest s. 

The s trawberry is principally a crop for the small farmer. No 
expens ive equipment is required for its culture. A large amount of 
work, especially that of harve sting, mu st be done with hand labor, and, 
therefore, the farmer with hi s family can care for a small planting of 
from one to three or four acres with very little cash o utlay an(1 com­
paratively little hired help. 

Observations indicat e w idely different cultural pract ices among 
growers. There is an obvious need for more dehnit e information con­
cerning the relative val ue of different cultural pract ices and of other 
factors which are most influential in determin ing the success of the 
strawberry enterprise. The plan of this work ha s been to make a 
careful survey of the literature dealing with s trawberry growing, to 
determine the m ethods which were followed by the more success ful and 
less successful growers in order to a scertain, i £ possible, the s ignifican t 
differences in the ir programs, and, fina lly, to check the importance of 
these differences by fie ld exper iments. 

* Also subm itted to the Faculty of Michigan State College in partial ful fill mc11 t of the 
requirements for the degree of Doctor of Philosophy. 
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PART 1. REVIEW OF LITERATURE 

]-11STORICAL 

THE E G I\ OPEAN STH A \ VBEl<RY 

The stra\\'be rr y ( Fraqaria ) is a native of the t e mpe rat e latitudes of 
ho th h emi sp he res , :\'atiye species a r e C0 1111110n in E uro pe, f\ s ia, and 
in ho th \rorth a nd South . \m e ri ca, E\' e n though both V irgil and Ovid 
ref e r t o it. the ea rly G rccks and H0111an s see m n o t t o have gro\\' n it 
in g'a rd en s, ,\ cco rdin g to the acco un t g i\'e ll h y TIailcy in hi s Standard 
Cyc lo pedia of Horticulture. th e ea rli es t record o f garden cultu 1'l' is 
th e g rO\\ ' ing of t he na ti\'e ,,'ooel stra\\-b e rry. J7raqar ia v('sca. in France 
ea rl y in th e fo urt ee nth century, In the flft ee llth cent ur y \\' ild plante; 
'were c0 111l11 o nl y transp lallt ed int o th e Engli sh garden s \\ 'here t h ey 
\\'e r e gro\\' n for th e ir fru its , 

Int erest in the s tra\\'be rry dev eloped g raduall y ancl during th e s ix ­
tee nth ce ntury it is 1ll ention ed fr equ entl y in se ve ral herbal s, B y the 
latt e r pa rt or th e se \' e llteenth century rath e r cl e hnit e cul t ura l pract ices 
\\'e r e estab li sh ed a l1d th e s tr a \\-he rry \\'as r ecognized as a desirahl e 
add iti o n to th e garden, 

Tr"'H~ .L\\I ERICAN STRA\J\T DE RRY SPECIES 

T11 Xort l1 : \ll1 c ri ca the nat ive strawbcrry was r ecogni ze d to he of 
\'alu e hy th e ear ly srttlc r s an d rap id ly b ecame popul ar, Tn th e intro ­
duction to hi s hook. "The Stra \\ 'berry .·' Frase r (20) cites the fo ll O\\' ill g 
Cj uota tion: 

"Com illg to m o re rece llt times. ill i()29 \\-i1lia m \\' 00<1 , ill writillg of the a t ­
t r act io ns of th e ne\\' land, says , 'There is like \\'i se Stra \\'be rries in abunda nce, 
ye rie la rge o nes, SOlll e bei ng t\\'o inches about,' a m i in l ()-U R oger \\' illiams 
s tate s. 'T hi s be rrieis th e \\o1l(\cr of all the Jruits grow ing Il aturally ill a \1 these 
par ts'," 

The No rth L\m e ri ca 11 s tr aw be rry. F, 7. l ir!)illiall(/ , \\ 'as carr ied into 
Euro pean ga rd e n s ea rly in th e se\'enteenth century (30) , T hc Sou th 
l \11l er icCln spec ies . F , c/lI)o cIIsis, call1e into the picture o nly a littl e later, 
h e ing intro du ced in to Frc nch ga rd en s early in th e e ighteenth cen t u ry, 

.0J ear I y t 11 r e e CJ u art e r s 0 f ace n t u r y I a t cr. i n 1760, a F r e n C h 111 a 11 • 

Du ches ne , publi s h ed a hook d esc ribing diffe1-ent sexes in stra \\'hnry 
fl o wers and he is s uppose d t o have bee n th e first to o ri g in at e 11('\\' so rt s 
by c r ossing, T he impo rtance o f thi s discovery wa s not a pprec iated for 
m a ny yea r s , In fact , as lat e as 1828 th e idea \\'as expres se d in I ~o ucl on' s 
Gardener's l'vJagaz in e that th e kind of st rawhe rr y makcs little differ­
e nce becaus e th e car e a nd cultivati o n is responsible for q ua lity and s ize 
o f fru it , 

It is oh vious that th e m od e rn st rawberry as\\'e kllO\\- it is o f C0 111 -
parative ly r ecent d eve lopm en t, It is thought t hat the s tra\\'berry fr o m 
\\'hich o ur moclern vari et ies h a\'(~ be en cl eve loped o riginated as a hybrid 

F . \ CT0 1~ S L\TLC[:\ C 

or the t\\'O spec ies. F, 7. 'irqilli {. 
l11e n t appea r s in I~ a ilcy 's St 

" Tile fir st of the m odern race 
lillg. origillated by :\ 1 iehae l l(eel 
forll1 of F , cli i /oclIsis or a hvbr 
it h a ve sp rung m ost of the E uro 
Illode rn North A Ill er iea n yariet 
doubtedly a P ill e ill part. but tl­
e llt s ,,'as a Yaricty of F, 'z'iry illi 

Soo n after the devel opm ent 
Engli s hman. Kni g ht. produ c~ 
o f great commercia l ya lu c, 
included in I ~ ngli s h cata logs 
hy Frc1lch nurse r ymen, fila 
duc ed illt o t he Unit ed Statcs, 
hecau se th e plants p ro\'e<l un : 
nu rs c rYlllan.f-! oye y. produce! 
-I t\\'as a cross het \\'ee ll the ]; 
a nd the hardy. yigo rous. Il at i 
impo rtanc e o f thi s <Ie\'c lop111 

"I t was the se ll sa t ioll of the 
it hac! es tabli shed the str;mbe t 
pos it io n it has Il l'\Tr lost.· ' 

Th c J-I O\'(' Y proH'd to he a r 
acte r s of st ra\\'be rn- fl.o\\'Cr~ 
s uccessf ul as Cl lll<ll:k:et Y<lr i( 
thc st ra\\'h e rry industry did 
Th e o penin g se ntcnce inFI , 
io 11O\\'s : 

" Colllmercial st rcl\\'berry -gTO\ 
g un \\' it ll the in troductiol1 uf th, 

JUSE OF CO'\L\IEI H, 'II-

Followin g the introd uct ion 
inte r est in st ra\\'berry gro \\ 
n e \\ ' varieti es, From fe\Hr 
\\as intro duced th e plantin 
be fore the close o f t he ce nt 

Follo\\'ing thi s llllu sual c> 
\\'hich r es ult ed in a cOllsicl e 
to th e p r esent the ge nera l tr 
t o stra\\'be rries in th e Unite 
\ \'a s reported as ] 51 ,373 (5 
d ecr ease so that the a\'era 
85,670, ( 1) but s ince t ha t ti 
average acreage since 1930 
1934 th e c01l1mercial stra\\'b 
in v a lu e among th e fruit ere 

T wo factors have contribl 
The pl a nt has been fo und to 
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of the: t \\ "0 spec ies, F " 7..'irgilll(lJl{7 and ; ;_ cliilo {, Jl sis_ The follo\\-ing- sta t e­
me nt appear s in Hai ley 's Standard Cyclopedia o f Horticultur e: ( 19): 

"T he first of the m oclern race of large-f ruited varieties was the Keens' Seed­
ling, or ig illatecl by lvf ichacll(eens, of E ngland, ill 181 9; it was a Pine (either a 
form of F r liifor ll sis or a hybr icl of that species with F. 7, irpilliallo ) a nd from 
it havc sp rung 111 0st of the European varie ti es o f today_ The Hovey, f ro111 w hi ch 
modern North A meri ca n yarieties have descended in large meas ure, was un ­
dou btecll y a Pi ne in part, but th ere is cons ide rable ev idence that Ol1 e of its par ­
ents ,,-as a Yaricty of F" ,(·iryilliolla_ J

) 

Soon a fter th e deve lopm en t of the Keen's Seedlin g ya ri ety an o th er 
[ ng li shman, Kn ight , produced successful crosses w hi ch gaye yari e ti cs 
of g r eat commercia l va lu e_ By 183() as man y as 100 var ie ti es ,,-e re 
in clud ed in Engli sh catalogs a nd mor e than 200 va ri et ies wer e li sted 
hy French nur se r y m e n_ l\lany of these Engl ish va ri eti es \\-e r e intr o­
d uced into t he U nit ed States , but t he result s \ye re usua ll y d isappo in ting 
because t he plant s proy ed un sui ted t o thi s CO Ull try _ In 1834 a n A m erican 
nurseryman, ]-Ioyey, p roduced a seedling wh ich he na111 e(1 th c "Hovey_" 
Lt\y as a cross het \\-ce n the large-fruit ed Pin e st r ;'l\\-be rr y fr om Europe 
a nd the harely, yigoro u s, nat i\'c spec ies , JI. 'lI irgiJliaJl{7_ fn di sc uss in g the 
impo rtance of t hi s dcye lopm ent, F razer says (20) : 

" It \\ as the se nsat ion of the age with its large handsome fruits a nd by 1850 
it had establi shed th e strawberry as o ll e of the leadi ll g fr uiL in A lll er ica, a 
pos iti on it has Il c \-e r 10st." 

The H OH'), proyed to be a pistillate \-a ri ety and heca use the sex char­
acte rs of st ra\\-berr\" fl owers '\-e r e not und er stood it was n eve r real h " 
s ll ccessful as a mal~ket \-ar iety_ T he rea l c01ll 1l1 e rcial de velo p1ll ent of 
the s tra \\-he rry indu stry d ie! not begin u nt il t he midd le ot last cent ury_ 
The ope nillg se nt encc ill Fletch er 's " Stra\,vbcrry G rO\\"in g " (18) is as 
io llO\\"S : 

" CollllllC1"c ial strawbe rry-g row in g ill No rth A merica may be sa id to ha \-e be­
g un with th e introductioll o f t he \Vil so ll , in 1854_" 

.RISE OF CO~t(~lERCIAL STRA \ i\TBERRY GRO\rVING 
I N THE UNITED STATES 

Follow ing the introducti o n o f t he \ Vil so n, in ]854, there \\-as a fe\-er ish 
in terest in st rawberry g ro \\-ing and espec ia ll y ill th e dev elopment of 
ne \\" yar iet ies_ From {e\\"e r than 1.500 acres at the time th e \ \f il son 
,,"as introduce d th e plan t in gs increase d to mor e th a n 150,000 acres 
before the close of th e century_ 

Follow ing this unu sua l expa ns ion th ere ,,-as th e ineyit ahle r eact ion 
\\"hi ch r es ult ed in a con sid e rabl e reduction in acreage , but from 1850 
to th e p r esent th e general trend has bee n upwa rd_ The acreage dev oted 
t o s tra \\-be rri es in th e Un ited States at the close of the century in 1899 
,,-as report ed as 151 ,373 ( 52 )_ T hi s was fo llO\yecl by a conside rabl e 
decreas e so that th e average ac reage for ]9 ]7, 1918, and 1919 was 
~5,670, ( 1) but s in ce t hat tim e the industry ha s expanded so that th e 
average acreage s ince 1930 has been approximately 180,000 (10)- In 
1934 th e cO lllm e rcial st rawberry c rop in th e U nit ed S tates ranked fifth 
in valu e among th e fruit crops of th e country (2)_ 

Two factors have contr ib ut ed la rge ly to the spr ead of thi s indu stry. 
Th e plant has been fo und t o be adapted to a wide va ri ety of condition-so 
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In 1930 S tra"\\ 'hrid ge (45) made thi s s ta t em ent : 

"The strawberry is adapted to practically all tilled sections of th e U nited 
S tates, It is a ll ca rl y cash c rop fo r each locality in which it is g row n." 

The second and p erhaps th e mor e important factor whi ch h as influ ­
e n~ed the wid espread di s tribution of the indu str y is the developm ent 
o f lmproved transportation, especially the development of refrigeration. 
In 1866 Earle began shipping s trawberries from Cobden, Ill., in che st s 
with ice , and by 1869 be had begun to ship in carloads with ice (3). 
In 1891 more than 600 refrigerator cars were used for fruits and vege­
table s ancl. in 1929, 40,741 were used for fruits and vegetabl es, including 
13,000 whIch wcr e u scd for strawberries alone . 

EUROPEAN CULTUR E OF THE STRA\YBERRY 

GARDEN CULTURE AND FORCING 

S trawberry cultur e in F ran ce and E ngland has been on an int en sive 
rather than an ext en sive scale s ince it s beginning. In both o f th cse 
countries the fo rcin g of s tral'l bcrri cs in greenhouses or speci ally co n ­
struct ed beds has r cmain ed ve ry impor t ant until r ccent tim es. "Th e 
French Gard ener ," translated by Evely n (1 6) in 169 1, gi\'cs a g ood idC:l 
of the intensiy c m cthods employed: 

"The soyl (so il ) whi ch they m os t affect, is rather a sandy than a s ti ff, a nd 
therefore you sha ll JIl a ke cho ice of tha t pa rt in your garden for t hem, w hich 
m ost approacbcs this m ixture. " 

"To o rde r them w ell , you must dress, weed a nd loose the mould a bout them 
very dili gentl y, a nd to ha ve fa ir a nd clear fruit, you shall stick a smaller prop 
to every pl a nt, to \v hi ch you sha ll binel their s ta lks with a st raw." 

:lUnch th e sam e rcco mll1 cnda ti ons :lppear promincntl y in pe riodical 
lit eraturc durin g t he early part of the n inct ec nt h ccn t ury . I n the early 
volumes of Lo udon's Gardencr 's l\/(agazin c {rom 1826 to 1840 Knight 
a nd o the r writ ers favo r ed thc in t cns ivc cultu rc but quest ioned the 
des irability of cutting a ll r unner s and stirr ing t hc bcds in t he fall. 
Great emphasis was placcd on dcep so il prepara tion a nd thc liberal u se 
o f manure. Ther e we r e fr equent fa vorable rct cr ences to the u se 0 [ 

nitrate. The practice of allowing runner s t o set in mattccl beds, which 
w er e mowed and manured after picking and r e tained several year s, 
"\vas referr ed to by most writer s a s a careless, undesirable m ethod which 
produced continuously smallcr and poorer fruit s . 

Di scus sions of fi eld culture first appeared in thc Gardcncr 's Chronicle 
about 1850. The hill sys tem "va s u sed, and vegetable crops such a s 
onions, spinach, a nd endive w er e sugges t ed a s inte rcrops. All writers 
agreed that a fertile soil was nece ssary but some recommended a sandy 
soil "\vhile other s p referr ed a heavier type . The intensive methods 0 f 
garden cultur e and forcing v.rere rd1ected in the recommendations fo r 
field culture. In the fir st volume, 1872, of "The Garden" which w as 
edited by Robin son, (48) th e following statement is found: 

"Three main po ints to be observed in s traw berry growing are digging deeply, 
planting carl y, and manuring heavily." 

FACTORS l K FLGEK( 

For bo th field and gardcr 
rccom m cnded. Eit hcr the p 
t hc fir s t r unner s were roo te 
A ug ust scH ing \\-a s success f 
t h c fo llowing spring. 

For many ycars c1uri ng th 
w er e com pa ra til'cly fcw im 
ti ons . There wa s the usual 
m ulch, the best season [or s 
hut , ncvcrthcless, t herc "\\'as 

Abo ut the beginn ill g o f t 
ov erproductioi1 began to a1= 
it wa s reported in t hc " Ca r 
of s trawberrie s fr om "\\"C' ste 
hU rl ing the grecnholl se cultl 
wa s concent rated Il car the 
crop wa s report ed to bc of ( 

D uring t hi s samc per iod a 
jng t h c deteriorat ion or "ni l 

worm s were considered the 
to introduce healt hy, yig-oro 
m iles d istant. T hi s introclt 
cul t ural p racticcs fa iled to : 

ST1V\ \Y13ERRY CU T 

I~fLUEl\iCE 

Durin g th e ea rly peri od 0 : 

t h e cultura l p rac ti cc s "\\'c rc 1 
refere nce s m ay he fOllnd ir 
\\' h icll closely re selll blc thc 
France. T he seHing of pot: 
du ri ng thc sUlllmcr and t hl 
or fa ll sc tt il1 F is an cxalllpi t 

In t he ea rly volu mcs of ] I 
of s t raw berry cult urc we re c1 
hill cul t u rc, a nd, less fr cqu 
to set r Ul1ner s form ing 1llore 
able atte nti on. T hu s, th e e 
t im es . So mc w ri ters ha\T 
a not her. A ll of 111<:' t i111 (, 
\\' iekl\- d ifh:' lT Il L 1l 1ctilOd s, ;1 

( l-~ ) j ~() 1 : 

" Til l' s tl"aw ilnry is cuiti\'a tl'c1 
;[ 11( 1 in beds, somc a ii ()\\'illg til 
S()lll l' til 1" ('('. S ()n le m u w t hc I( 
the u lcl lJ la nb to make placc : 
t he sa me g r ()u nd fur s(' \'(.: ral 
proper trea tment, good cr()PS Jl 

t iva tion it is ha rdly po~si h 1c. \1 

a s ucccssf ul r cs ult, \\ 'ila tC\'l 'r III 
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F or bo th fiel d a nd garden culture, la t e summer o r fall setting wa s 
r ecomm ended. E ith er the plant s w hich bad been fo r ced we r e u sed or 
t he fir s t runner s I\' er e r oo t ed in po t s in the fi eld . By these m ethods 
A ug us t se ttin g was s tl ccess ful a nd good Cf OPS of fruit we re harves t ed 
the following spring. 

For many year s during t h e la st half of the nineteenth century ther e 
we r e compa ra t ively few im port a n t cha nges in cultural recommenda­
tions. Ther e vvas th e u sua l di scuss ion a s t o the proper tim e to apply 
mulch, the bes t season for se ttin g, and the value o f spring cultivation, 
hut, n evertheless, the r e I\'a s ge ner a l agr eem ent. 

Abo u t t h e b eginnin g of the p r esent ce ntllry fr equent refer ences to 
ove r pr oductioi1 began t o appear in peri odi cal lit er a tur·e. About 1907 
it w a s r eport ed in t he "Gardener's Chro nicle" tha t th e transpo rta t ioll 
o f st rawberri es fro m w es t ern E ngland and fro m France was g r eatly 
hurting the g r eenh o use cultur e . Even t houg h th e produ cti on in France 
w a s concent ra t ed ncar the citi es and ca Ine fr om sm all pla ntings the 
crop was repor t ed t o be of cO ll side ra ble eco llo mic importa nce. 

During thi s sam e pe riod a g r eat cleal of di scu ss ion occurred concern ­
ing the deter io r a tio n or "runn il1 g o u t" of I'ar ieti es . J .eaf spo t a nd eel­
worm s we r e consi der ed the p rincipa l causes and g rower s we r e urged 
to introduce h ealt hy, v i go ro l1 S pJ an t s from oth er sect i ons a t lea st 100 
miles di st ant . T hi s introductio n of fres h st ock a nd g r eat er car e in 
cultu ra l prac tices fa iled to s top the de t erio r a tio ll. 

ST1V\ \ VB ERRY CU LTUEE I N T'HE UNITE D STA'TES 

I N.rLUENCE OF E(JJ\.OPEAN METH ODS 

Duri1l g th e ea rly pe ri o cl of s tra wbe rry g rowing in t he U nit ed States, 
the cultural practi ces we re patte rned a ft e r E ng li sh m eth ods. Frequent 
refer ences m ay be fo unel in t he m agaz ines of that time to pract ice s 
Ivhich close ly r ese mble the fo rcing m ethods fo ll mved in England al1d 
France. The sett ing o [ pots in t he fi eld s in o rcl e r to r oot the runne r s 
during th e sum mer a nd t hu s prov id e po t ted plants fo r late summ e r 
o r fa ll se tti ng is an exa1l1 ple of s uch p ract ices. 

In the ea rly vo lumes of ] I OIT}'S Carc.lener's l\laga z ine m a ll Y sys t e m s 
o f s t ra w berry cultu re were d isc ussc:d. J;'o r cing, bed culture, r ow culture, 
hill cul t ur e, a nd, less freq uen t ly, t he pract ice o f allowing the plant s 
t o set rUl1n er s fo r m ing m or e or less m atted r ows we re g ive n con side r ­
a bl e a t te nti o ll. T hu s, t he di sc uss io n ba s cO ll t inued ulltil ve r y r ecent 
tim es. SO l11 e w ri te rs ha ve favore d one p la n a nd o ther s have fa vo red 
a nothe r. A ll of th e t i111 e m a ny g row C'r s haye bee n s uccess ful with 
\\' i d C' I y (I i ff c r (' 11 l J 11 ct 110 d s, a s \\ ass () s l r i kill g I )' c xp r es s e el by J r 0 \'(: y , 
(..2-~ ) 18() 1 : 

"The s traw he r ry is cul tiva ted in a gr cat va ri l,ty o( muc!es, v iz. in rows, in bill s, 
a nd in beds, su me a ll o\\"ill g t il e p la nts to bea r unl y o lle cr up, other s t wo, a nd 
s(Jm e three. :-l(!I11 e mow th e leavcs a ftcr t he crup is gather ed; o th er s turn in 
t ile uld pla nts to m ake p lace for t he Il ew rl1nllers, a mi thu s keep the beds on 
th e sa me gr ound fu r severa l years . ]11 e ither way, \'v' ith good judg ment a nd 
proper t rea tm ent, goo d c rops Jllay he llr(J dL1ced; a nd under o rdin a r y garden cul ­
tiva ti o ll it is hardl y possible , \\"it h a good so il a nd li bera l m a nuring, t o prevell t 
a s llccess ful rcs ult, wha Lc\'(' r may be th e m{)cl e a dopted." 
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THE EXTENSIVE SPREAD OF THE INDUSTRY 
RESULTED IN NEW METHODS 

\iVith the development of more extens ive commercial strawberry 
growing there was a very definite tendency away from the more inten­
sive methods of culture. Forcing and the culture of this fruit in beds 
have practically disappeared . Strong statements may be found concern­
ing the relative value of the hill system and matted-row culture and 
often a modification of these, known as the hedge-row or the controlled­
row, has be en recommended. A careful st udy of recent lit erature leads 
to the conclusion that the matted-row plan has been generally adopted 
by commercial growers in most sections of the Un it ed States. The 
lower South and parts of the Northwest, howeyer, have turned to the 
hill system. 

SELECTIO N OF A SUITABLE SOIL 

SOIL TYPE 

The selection of a suitable location for a s trawberry planting has 
been recogni zed as a matter of great importance s ince the beginning 
of the industry. Among the factors which should be considered in 
the selection of a desirable site, the so il has been given the most atten­
tion. One of the early statements which desc ribed the characters of 
a good st rawberry so il was made by \\Tilliam Prince (38). He sa id: 

"A light rich loam is considered t he most favorable, being- soft, and pliable 
so that runner s may eas ily penetrate it with their roots." 

One hundred years lat er a s imilar soi l was descr ibed by I,orc e, (28) 

"Good crops of s tra\Vberr ies may be gro\Vn 11pon all1lost any type of soi l, pro­
vided it is retentive of Ill o isturc, fairly :fertile, and well drained." 

During thi s century alldup to the prcsent s imilar statcnlC ll ls have l) een 
very com mOll, though S0111 e \ 'aria tions may he f ou nd. 

Some writers favor a rather heavy type uf soil, while olhcrs recom ­
mend a light t ext ure but in allllost all cases they agree that a hi g h 
humus content is essential, that good drainagc is nec cssary and that 
at least mod era te fertility is very desirable. 

The following summary statement l)y Fletcher ( 18) givC's a. fair 
explanati on of the se minor differences: 

"A survey of so il preferences in different parts of the cO lltine ilt discloses the 
fact that more s trawherries arc grown on a s;:t!l(ly loam underlaid w ith a clay 
thall 0 11 a lly o ther soi l type. The dema nd for ea rly berries has had much to do 
with thi s cho ice. The most popular strawberry soi l in the northern and cen tra l 
s tates is a gravel ly loam with a clay subso il. J [cavy ioa ms, s ilts, and light clays 
are preferred for late varieties in th e East :l!ld are used very genera ll y 0 11 the 
Pacit-i c coas t :for all yariet ies." 

"New gro llnd" klS been r eCO lll mended freq llell tly as 111 0st desi rablc 
for s trawberries . That is probably because such land usua lly ha s 
ab unclant humus, is in good physical conditi on, and is comparat ively 
free from ser ioll s weeds. In some sect ions growers hayc depended upon 
"new ground" for 1110St of the strawherry acreage hut usually such land 
has become sca rce and it has been necessary to prepare old land for 
th is crop. 
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CROP ROTATION 

No recommendations are fonnd in r ecent literature for continuing 
strav"berri es on the same land for any gTeat length of time. The 
accumulation of insects and diseases, the withdrawal of certa in elements 
from the soil and th e reducti on of the humu s supply, leading to so il 
erosion on even moderate slopes, are the usual rea sons which are given 
for crop rotation. A n almost endless variety of rotations are suggested 
by different "w rit ers, but certain recommendations arc similar in nearly 
ail references to this subject. Perbaps the most important ot these is 
t.he use of some green manure crop, preferably a legume, in the rotation 
in order to maintain t.h e humu s supply. 

The other important point upon \vlJich practically all \\Titers agree 
is that strawberries sbould follow a clean cultivated crop ill order to 
reduce the problem of \veed control a nd the danger from ill sects, such 
as cutworms and w hi te grubs w hic 11 0 Et en aCCUlll u la te in sod 1anel. 
Irish potatoes, sweet potatoes, tomatoes, or other vegetables are con­
sidered suitable crops to precede strawberrie s. 

SOIL AClDITY 

Recently attentio[) ha s heen given to so il acidity as a Llctor in deter­
mining the suitabili t.y o f a so il for strawbe rry growillg. Jt ha s been 
recognized for many years that w ild stra.wberries arc found on soils 
which vary widely in t.his regard but that a slightly acid condition is 
most C0111111on. IVlorris, (33) worki ng with strawberry plants growing 
in nutrient solutions, fOllnd that the limit. s were rather wide (pH4 to 
pH7' inclusive) but t.hat best growth was produced in slightly acid 
solutions. The belief that successful strawberry production under orcli­
nary conditions is not limited by the so il acidit.y is indicated by the 
following statement of ]V[orris and Crist (12). 

"The reactions commonly found in so-called 'Agricultural' soils are probably 
pcr sc not important limiting factors in s trawberry production." 

Aside from the selec tion of a sui table soil there seem s t.o be practically 
complete agreement in regard to other charactcristics of a good straw­
berry site. Doth air and water drainage are considered necessary. 
\i\There early ripening is o[ great importance a southern exposure is 
usually suggested. Steep slopes which arc subject to severe erosion are 
to be a voided. 

SELECTION OF VARIETIES 

A very large place in the lit eratur e of strawberry growing is occupied 
with discussions of varieties and the characteristics of desirable plants. 
The selection of suitable varieties is generally considered as funda­
mental to success with this fruit. 

In 1861 Hovey sta ted in the columns of hi s "Gardener's IVlagazinc" 
that the culture of the stra\vberry had not advanced during the pre­
ceding 10 or 15 years and gaye the introduction of excessive numbers 
of inferior varieties as the principal reason. In 1917 F letcher (18) 
indicated that the influ ence of these poor Yar ict ics\\"as sti ll apparent: 

"The Strawberry is burdelll~c1 more heavi ly with ill dellnite a il e! ll1ecliocre vari­
eties than any other fruit." 
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During the time int ervening between these statemcnts, h owever , 
the aims of th e s trawb erry bree c1 er s and the standards hy which n ew 
varieties "were judged changed very g reatly. /\t the time TTm"ey I.\lrote, 
during the s tral.\·berry boom, and fOf som e tim e later, th e clli d in tere st 
was in the deyeloplllent o f large-f ruit ed va rieti es ancl in the study of 
Hower characters. According to Darrow the i1ltere st o[ m odern straw­
berry breeders is centered 0 11 quality, disease resistance, alld the adapta­
bility of the new yari ety t o defillite uses. 

Two types of flO\\"er s arc recogni zcd, the pi st illate and the h eona­
pb rodi te, but the h erma ph r o c1 i t e YCl ri et i es I.yhich a rc grown today arc 
yery much mor e fertile than I.\'ere tho se grown 75 years ago and are 
so de sirable in oth er character s that they have largely replaced the 
pis tillat e kinds. 

S ince th e introducti on o[ the fi rst of the "cH' rl wa ring" varieties early 
in this century there ha s been some i1lterest in their cul t ivati on . They 
have not becom e of great c0 1ll1ll e rc ia1 importance, ow ing probably to 
the fact that they require a lllore fertile so il Cl ucl lll ore ca reful attent io11. 
The everbearing ya ri ct ies lack in fU1lllcr production alld th erdo r e are 
less adapted to the mattec1-rm," system o[ cultur e. 

SELECTIO N OF PLI\NTS FOR SE'fTI NC 

Th e discu ss ion concerning the type of pla1lt w hi ch should be set has 
centered almost entirely ahout the s i7:c Clllcl age of rU1l1lcr s . F ield ­
grown plallt s are u sed and there is gC1leral agrecl11cnt that old 111 0 th e r 
plant s and those wh ich have exhausted thcmselves hy fruit productiol1 
are not de sirabl e. The following s tatem cnt 1)y Fletcher (18) S Ul1l ­

lllari7:es tllC di scuss ion 011 th e se lect ion n f rU1l1lcr plants: 

"For mallY yea rs it was the ])1"C\"ailil lg op illi ol1 t hat the fi rst, secolld, am1 t hird 
ru nll ers are yaluable for setting ill the order Ilamed; that rtlllllers formed later 
than these, a ile! espec ially alley plants, 11e\"er should be used, even though of 
good size. ..... ............... . ... . ....... Later evidell ce has sho\Vn tl1at tip 
plants of fair size sta rt off better ill th e sprillg, a ile! llaye fewer fru it buds tha n 
older plants, whieh is an advantage." 

Later in the sa m e paragraph h e says: 

"It is likely that the vigor of the plant, pa rticlllarl y the strength of the r oot 
sys tem, is more important th a n the time of year when it was produced." 

Later writ er s, such as Barnett fr om Kan sas, (0) agree with this s tate­
ment. 

Recently some attention ha s bcen given to so-called pedigree plants, 
those I.vhich hav e bee n g rown from selec t ed mother plant s, l)l1t mo s t 
\\Titer s agree that such plants are only sl iglltl y superior to others. 

CULTURAL METHODS 

With th e spread of commercial st raw berry grmying and the develop­
ment of extensive plantings many of the extreme practices associated 
with forcing and garden culture "yere found to be impractical and there 
was a t endency to qu est ion all 0 f the old 111 ethods. The result of such 
attitude s was the developm ent of all sort s of variati ons fr om w hat 
might be called a s tandard sys tem . Somc wr ite r s were inclined t o 
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defend the old intensi ve methods but manv turned to th e other extreme 
and a great confusion result ed. Graduc;lly, however, some practices 
have become stanc1anli ze d and generally accepted. 

METHODS OF SETTING 

From th e very ea rly days of commercial st ra\vberry g- rowll1g to the 
present there has been practically complete agreement that great care 
should be exercised in the se tting of tIle plants and the recomm enda­
tions have changed very little. In "The I-Iorticulturi st ," 1861, Fuller 
recomm ended that the roots be trimm ed for spring planting hut not 
for fall se tting, and h e sugges ted that setting be done on cloudy days 
to prevent dryin g of the plants clurin g t1le planting. He emphasized 
especially that the roots be sp read evenl y, that the pla nt s be set deeply 
but not de ep enough t o cover the 'crO\v11 , and that the so il be firmed 
carefully about th e roots. The recol11mendations of recent writers on 
this subject a re fairly r epresented by the following quotation from 
Auchter and Knapp (4) : 

"Sct the plants firmly, at th c propcr depth al1cl wbcn thc soil is moist. Any 
planting method that takes accoun t of these factors w ill g ivc gooe! results ... .. . . 
Set the crO,VI1 at ground level. . . . . .......... If th c roots are long and strag-
pIing, clip slightl y to a iel in planting." 

CULTIVATlON 

L eading \\Titers uniformly empha sized th e importance of thorough 
soil preparation, that is, deep plowing fo llowed by careful working. 
Thoug h contradictory sta t ement s are f oUlld frequ ently concerni ng the 
comparative advantages o[ deep and shallow cultivation, there is almost 
co III plete agreement tha t strawberries respond to fr equent, thorough 
tillage \,vhich controls weeds and grass during the growing- season. 
Statements similar to the follO\ving may be found in m os t di scus sion s 
of thi s subject. 

"Thorough culti \'at ioll during the first season cannot be too strongly urged. 
It conserves moisture, promotes the g rowth of pla nts, keeps the weeds down, and 
is in every way beneficia1." (11) 

"Frequent and shall ow tillage the first season is one of the secrets of success­
ful berry growing." (35) 

"The old saying 'tillage is manure' holds true for strawberries ." (46) 

LTFE OF A CO:MMERCIAL PLANTATION 

Regarding the profitabl e life of a strawberry plantation, there is a 
wide differ ence of op ini on. Some writers r eco mmend that only one 
crop be harv es t ed. The more common r ecommendation, however, is 
that two or possibly three cr ops may be tak en from a planting. The 
1')lan s which are suggested for the renovation of a strawberry field 
after the fir st crop yary greatly. A r eview of periodical literature 
indicates that many g rowers practice no cultivation between the first 
and second crop, but simply mow the weeds once or twice during the 
summ er. l\10 st o f the leading writers recommend rather thorough 
working during th e second summer. Such a thorough program may be 
outlined as follows: After the fir st harves t the top ~ are burned or 
mowed, the rows are narrowed with a plow or other cultivator, the 
plants are thinned in the row and grass or \;<leeds are removed by hand. 
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Following this renovation the cultivation is continued throughout the 
summer as it "was the first season. The exact melhocl of renovation, 
in fact the decision as to whether a planting should be ,vorked at all 
after harvest, will depend upon the conditions ot that particular field. 

[<'EHT1LTZATION- REC0l\1ME N DATJONS OF LAST CENTURY 

Regarding strawberry fertilization, the literature becomes hopelessly 
confusing and the writing's of the last two decades are fully as contra­
dictory as are those of the last century. Before the spread of extens ive 
commercial strawherry growing it was the custom to incorporate large 
quantities of manure into the soil as it was being prepared. The practice 
was generally adopted for fieJd cultu re but differences of opinion were 
common. Pardee (36) was among the first prominent writers to ques ­
tion the heavy fertilizing of this crop . In 1853 he said, 

"Almost everyone who cultivates strawberries, I notice, has fallen into t\\'o 
vcry great errors. First, of allowing different varieties to intermingle . .. . . . . .. . 
The other error, I observe, about as universally prevalent, is over feedi ng, and 
as a consequence, an over growth of vi lles and a deficiency of fruit. .... . .. ... . 
Such highly enriched soi ls can be in a ll1easure counterhalanced l1Y 1 ibera! 
applications of potash, lime, a nd salt." 

The next year Hovey took strong isst1e "\\' ith this statemcnt. T11 ans\\'cr 
to Pardee he said: 

"Thi s may be true, but so far as our experience goes- the experience o( 25 
years-we are sure that fine fruit of the largest size ca11not be abundantly 
rai sed without a good so il well manured, ...... . ....... . . Vlfhoever attempts 
to raise fine strawberries \vitllout mal1ure (or its e(luivalcnt, guano) will s ignally 
fai1." (25) 

The id ea that yery fertile soils "\\'Cre 110t desirable [or stra"wberries 
I'vas widesprcad for several ycars but the follo "wing statement from a 
special committee report (43) presented before the Illinois Horticul­
tural Society in 1877 indicates that by that time there had been a re­
newed interest in fertilization: 

"The theory formerly prevalent, that the soil should not be made rich for 
strawberries, has been' generall y practically abandoned by cultivators of this 
fruit." 

A careful study of the literature dealing with strawberry fertilization, 
since the beginning of the century, shows two almost opposite schools 
of thought , those Y'i'ho do not believe that the application of fertilizing 
materials is profitable and those who recommend the rather liberal 
application of one or more elements. The most st riking difference of 
opinion concerns the application of nitrogen. A few quotations are 
given in the following paragraphs representing the first of these groups. 

FERTlLIZATlON- NEGATIVE EVIDENCE 

Davis, (15) of the Central Exper imental Farm, Ottawa, Canada, 
states: 

"One thing which stood out, however, was that the plants when set out were 
incapable of utili zing a readily availabl e supply of nitrogen amI ill 111any instances 
nitrogen appli ed at that time resulted in injury to the newly set plants, even 
though the fertilizer did not actually come in contact with the foliage." 
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The effect of fertili zer on the carrying quality of strawberries 111 

Alabama is r eported by Kimbrough (27). He says, 
"J uclged by their condition on a rrival after oeiug shipped by express or 

transported by automobi le a dista nce of o,"er two hundred mile , the carrying 
quality of berri es fro m these plants ( those made excessively vigorous by 400 
pounds of nitra te of soda in the prillg ) was not as good as that of berries 
from less vigor ous plants." 

He continues to say , 

"IIeavy applicat ions of muria te of potash did not improve the carrying quality 
of strawberrie . 

" It seems evident tha t fertili zer treatments may affect the carrying quality 
of berries, but the extent of thi s eff ect is probably 110t as great a s has been 
thought." 

The K entud::y Experiment Station (44) r eport s : 
"The r esult continued to show tha t a founda ti on treatment of the so il with 

lime a nd phosphate a nd th e use of sweet clo ver as a rotation cr op has made a 
very fa\'o rable condition fo r straw berry production. The addition of fe rtili zer s 
conta in ing nitrogen, phosphorus or potass iu1J1, e ither separately o r in combina­
tion, has 110t increased th e yield. T he addition of nitrogenous fertilizer s sha rply 
reduced the y ield in a ll cases thi s year." 

Cochran and \ Vebst er , ()) of Oklah oma, report th e e ff ect of nitrogen 
a s {ollow s : 

" In all cases unc1 r fie ld conditi ons where the application of nitrogen was high, 
fe\V er plants came throug h the dry season, with a sma ller y ield per plot." 

Creve (22) bas r eport ed expcrim cnts concerning the c ff ect of nitrogen 
on the g row th a nd bloo min g o f th e H o"ward 17 strawberry in :Mary­
Janel. In th e r cpo r t o f thi s wo rk he says : 

" In genera l, there is little indicati oll tklt Ll1llm er ami autumn nitroge n ap­
pli cati ons were in ally way e ither s ig nirl cantl y benefi cia l o r inj uri ous under the 
not llllusua l co nditions surroundin g the experimellts." 

The fo r eo"o ill g findin gs see m sunicient t o proye that the application 
of fertil izin g material s t o strawbcrri es is of vcry doubtful value, that 
it may proye injuri ous and that it cannot 1 e cons idercd a profitable 
practice. The lit era tu re o f thi s sam e pe riod, ho"\\, eyc r, is fill ed with 
info rm a ti on [rolll equ a ll y r cliable so urccs which is almos t dircct ly 
contradictory. 

F ERTiLE "1'10 N--PO S ['1"J VI;: EVlDENCE 

A mong those \\"ho r eco lllm end libe ral fertili zation of the strawberry 
ther e is wid e variati oll as t o th c bcs t matc rial s but mo st authoritics 
agrec that manur e is bcnefi cia l. .l\Iany o f thos c writ ers who recommcnd 
othcr materials e1l1phasize the valu e of hUlllus and -vcry few of them 
offer any obj ec ti on t o manur c. Th e statcment by Shaw (41) from 
North Carolina cxp res:::ics the opini on o f many illYes tigators of hi s time. 
I--Ie indicat es a ve ry dcfl nit e prefe rcnce for manure over the chemical 
fertili ze rs . }\fter expr ess ing thi s pref crcncc, however , he says : 

"As a rule, a ll a bunda nce of nitroge n will produce heavy yields and large 
berri es, but sufficient phos phori c acid and potash, in available form s are needed 
to develop the fl avor, colo r, a nd firmn css of the fruit. 

"The use of th ese fertil izc rs (chemi cal fertili zer ) alone, without the additi on 
of sufficient vegetable matter, will soon leave the land in an impoveri shed, un­
prodllcti\"e condit iO Il ." 
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During the last 15 or 20 years attention ha s sh ified largely from 
manure to the commercial fertilizer s. The comparative importance of 
different materials ha been the subject of much di scuss ion. In 1919 
:Mooers (31) presented a discu ss ion of thi s subject before the Tennessee 
Horticultural Society. He reported that the evidence on th e value of 
liming for stra"wberries indicated that application d irectly for straw­
berries was not likely to be profitable and might be detrimental. He 
said that there was clear evidence that stra"wberries were sens itive to 
deficiencies in phosphoric acid and recommended 400 pounds of super­
phosphate per acre as a reasonable application. Potash, on the other 
hand, was considered much less important and more than very light 
applications were di scouraged. 

Several years later, in 1930, Hocldy (23) reported to the same soc iety 
that the strawberry growers in Blount co unty, 'Tennessee, had realized 
great profit from the application of potash to th eir fields in the spring. 

The annual r epo rt (17) of the Ark:an as Experimellt Station is in 
general agreement with the statem ent of lViooers : 

"The results from fertilizer treatments on old strawberry fields for 1930 were 
not only inconsistent but contradictory. There were, howeve r, indications of 
benefit from phosphorus and of inj my from the use of too much nitrogen. 

"Accumulated evidence frol11 previous seaSOllS shows that on both heavy and 
light soils phosphorus from the standpoint of production is the most important 
fertilizer. Nitrogen is next in importance but there is danger of using too much 
at a single application. Potash is tbe least important, but it is necessary for 
maximum production on light soils." 

Nitrogen is given much greater importance in comparison with the 
other materials by many writers. Loree (29) concluded that spring 
applications of nitrogen stimulated vigorous runner production while 
summer applications had little effect on runner production but favored 
crown development. lle found no indication that fertilizer treatments 
had any effect on the moisture content, texture or quality of the fruit. 

In the South, fall and early winter applications correspond, so far 
as their effect on plant growth is concerned, to spr ing applications in 
the northern sections. In 1932 Taylor, (47) o( Alabama, made this 
statement: 

"In general, applications of tJitrogenous fertilizer to strawberril:s in Alabama 
in the fall and early winter increased the 111l111be,-s of flower clusters, flower s, 
and fruits." 

Darrow and Waldo (14) found that the vegetative stimulation which 
resulted from applications of nitrogen, or from any other cause, tended 
to increase the amount of decay "which occurred in the field. Neverthe­
less, regarding the important fertilizer applications they say, 

"Superphosphate \\"as apparently somewhat more effective tllan potash in in­
creasing the yield of fruit. 

"The use of nitrogen ferti lize rs is essential to the production of large yields 
of early berries in this secton." 

Occasional references may be found to the profitable application of 
fertilizers to strawberries in the spr ing of the crop year. Such results 
are reported by Baker in Transactions of the Indiana Horticultural 
Society, 1932, (5) but there seems to be general agreement that ferti-
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lizers intended to increase yields should be applied during: the summer 
or fall of the preceding year. In this connection Loree (29) said: 

"Applications of fertilizers in the spring- of the fruiting year have no effect 
on the number of cluster. , or the number of flowers per cluster." 

- Shoem8.ker 8.nd Greve (42) fot1nd that spring· applications of nitrogen, 
ill Ohio, did not increase yields '",hile applications in August of the 
preceding year made marked increases. Very similar results are 
reported by Tucker (51) in Virginia. 

The effect of yarying nutritive conditions both in the soil and in the 
plant at different seasons of the year were studied by Gardner (21) 111 

Missouri. He said: 

"It is clear, howeycr. that the nutrition question, as it relates to strawberries, 
is a late SUl11ll1(T and fall Clucstion to a much greater extent than has heen gen­
erally suspectcd, and that investigators and growers can well afford to give it 
consideration from this point of view." 

Despite the inconsistent and contradictory results which have heen 
reported from experimental tests. the application of fertilizers is a 
general practice among commercial growers in the leading strawberry 
states. So many other factors influence the yields and Cluality of berries 
that it is often difficult to determine the real effects of fertilizer treat­
ments. 

INSECTS AND DISEASES 

Among the important fruit crops the strawberry suffers less from 
insects and diseases than most. J\ regular program of spraying has 
never been adopted by most of the growers in any commercial section 
because such cultural practices as careful plant selection. crop rotation. 
clean cultivation, and thorough sanitation have prevented or greatly 
reduced the losses from the common pests. 

Probably the most generally distrihuted strawberry diseases are 
those vi·hich affect the leaves such as the leaf spots, scorch. leaf blight, 
mildew, yellows, and strawberry dwarf or "crimps." Except for the 
last two, commercial control has usually been obtained by the selection 
of resistant yarieties and the careful burning of the old leaves after 
harvest. Strawberry yellows has been most serious on a comparatively 
new variety, Blakemore, and no control has been developed except the 
planting of disease-free plants well isolated from infected plantations. 
Strawberry dwarf or "crimps" is caused by a nematode, different from 
the one which causes root knot, and is controlled best by rather long 
rota tions and careful rogueing. 

The most seriolls strawberry root disease is one known as "Dlack 
Root." This disease usually first appears with hot weather and may 
cause the death of a considerable percentage of the plants during the 
summer. 

Fruit rots of the stnn\-hcrry, such as gray mold, leather rot, hard 
rot, and leak (Rhizopus). often cause heavy losses in the field, in transit, 
or in the market. The leather rot, hard rot, <lnd even gr<ly mold are 
usually more serious in the field and the losses correspond closely to 
the weather conditiol1s. "\Varm rainy weather favors the spread of 
these diseases. ' 

Among the insecls attacking the , strawberry, the crown horer, wh}te 
grub, and weevil are the most serious. The lea i-roller and root louse· 
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are widely distributed but usually are not of great economic importance. 
Under ordinary conditions crop- rotation, carc[ul sanitation, and the 
selection of plants make it possible to avoid serious losse s. 

ECONOMIC PROBLEMS OF IMPORTANCE 

YIELDS 

The popular strawberry literature between 1850 and 1875, while the 
industry was expanding so rapidly and spreading into new territories, 
contains comparatively fe,v references to y ields of Ie. s than 50 bushels 
per acre and most reports give yields ranging from 100 to 150 bushels 
per acre. The popular literature of more recent times indicates that 
the yields range from 50 to 100 24-quart crate. per acr e. 

LABOR REQunmMENTs 

The labor required for the proc1uction of strawberries was given by 
Hutson (26) in Kentucky, 1924. The ayerage for 63 grower s was given 
as 111.8 man-hours for the £11' st crop, 51.2 hours for the second crop, 
and 34.7 hours for the tl;ird. The number of horse-hours decreased in 
a similar way, a veragil1g 65.7 hour s for the first, 29.6 for the second, 
and 20.8 for the third crop. Concerning the importance of abundant 
labor he made thi s statement: 

" ... . ...... some farm er s got about two crates of strawberries for each hour 
spent in cultivation, while others eleyoted al most two hour s fo r each c rate. Thi s 
difference is clue, to a great extent, to efficient ancl ine lfi cient practices. " 

According to an Arkansa s report the co st of producing, harvesting, 
and delivery for shipment in 24-quart crates was about eight cents per 
quart. The labor and farm power previous to harvest was said by the 
a uthors to range from 5 to 10 per cent of the total, while harvesting, 
packing, and delivery for shipment amounted to 50 per cent and the cost 
of the crates a lone amounted to 15 per cent of the total cost (8). 

Til e labor req uirement for strawberry production under 11ary land 
conditions in 1929 ,vas given by vVhitehonse, IIart, and Walker (53). 
In the 11arion area about 12 cultivations and four ho eings w ere given 
during the fir st year and three cultiyations with one mowing and 
raking, but no hoeing, was given the second season. For snch a pro­
g ram the labor requirement was 186.6 man-hour s and 66.9 horse-hours 
for the first year, and 18.0 man-hours and 15.0 horse-hours for the 
second year. 

C OST OF PROD UCTION 

The attempt to a nalyze the cost of producing st.rawberries, especially 
the distribution of the cost among the separate items, and an attempt 
to determine the profits which bave be en r eceiyed by the producers of 
this crop is very unsatisfactory. General statements concerning t.he 
cost of product ion may be found sca tt e rec1 through t he popular litera ­
ture but ve ry few act ual data are available. In "The Horticulturist" 
(32) for 1849 a grower of \ iVatervliet, Mich., reported a co st of $60 per 
acre. Pardee, (37) 1858, gave the cost of cultivation as $15 to $25 per 
aG-r e. A g rower ncar \iV aIling ford, Conn., gave, (1867) in more detail, 
the costs of producing 9 /4, acres of strawberries. A summary of thi s 
rccm-d, (40) on a p<sr acre basis , is as follows : 

FACTORS INFLUEN, 

Team work ancllabor ..... . ... . 
Manures . .... . .. . ... . . .. ..... . 
Bog hay and straw Illulch ... .. . 
Interest on capital, taxes ..... . 

Total production costs . . . ... . $ 

A much more detail ed st 
the American Fruit Growe r 
expenses are given separatel 

First Y ear 
Rent .... . . . .. ... .... . .. ... . .. . 
rraxes ... .... ...... .. . ... .. .. . 
Plowing ..... . . .. . ... .. . . . . .. . 
Harrowil1g ...... ... . .. . . ... .. . 
}\'farkin O' .. ... . . ...... .... .. .. . 
Setting, four day s . . . ......... . 
Plants anel digging . .. . . . . . .. . . 
Cultivating, seven tim es .. .. . . . . 
Hoeing, cutting runners a 11(1 bl os-

so ms . . . . ... ...... . . 
500 lbs. fertili zer . . .. . 
Sowi ng 1 bu. oat s . . . 
200 crates, 1 G qt. . 
'Picking . . . . . .. .. .. . . . .. . .. ... . 
Packing and l1aulil1g .. . . . . . 

Total . . ......... . . . . . . .. . .. ~ 

/\.n examination of these 
of the total co st 'was that fo 
50 per cent and 60 per cent 
labor. 

It is not surpri sing that J 

factor s influence both the 
recent writers agree that 
a ssociated with yield s per (J 

In addit ion to yi eld per ac 
profits. Five factor s wh i 
quantity, conditi on which c; 
abilit.y of grow ers' organi; 
marketing system (49). 

Since the early days of 
t. here ba ve been repeated cl 
As early as 1868 such dis 
Yorker and other periodic 
emphas is was being placed 
t.hrough w ic1ely separated s( 
been greatly improved so 
distant mark et s success full 
state problem. For examl= 
that from Obio, Indiana . a1 
w ith that from 1Tinne.ota. 
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Team work and labor .. . . .. .. . . 
Manures ............ . .. .. . .. . . 
Bog hay and straw lllulch 
Interest on capital, tax C' s . .. .. . 

$90.46 
44.92 
40.86 
11.79 

Total production cos ts . ... . . . $188.03 

Picking and marketing . . ...... . 
l<reight, traveling, tel. .... . ... . 
Commission . . ............ . . .. . 
Team work ......... . .. . ..... . 
VI car of crates . . ... . .... . . . . . 

$91.46 
61.14 
30.20 
6.49 

13.51 

Total marketing costs ... .... $202.80 

A much more detailed statement of production costs was g iven in 
the American Fruit Grower for February 1919. In thi s report (7) the 
expenses are given separately for the first and second years. 

Pirst Year 
Rent .... .. .. . . . .. ..... . .... . . . 
Taxes ...... . .. . .... ... . ..... . 
P lowi ng ..... . . . .......... . . . . 
l-Jarrowing ... . ...... .... . ... . . 
JVfarking . . . .. ... .. . . .. .. . . . .. . 
Setting, four days ..... . . . ... . . 
Plants and digging .. . . .. . . . . . . 
Cultivating, seven times .. ..... . 
lIoeing, cutting runners aile! blo~-

50ll1 S . . . . .... . .. ... . .. . ... . 

500 Ibs. fertili zer ... . . .... . ... . 
Sowing 1 bu. oats . . .. . ... .... . 
200 crates, 1 G qt. .... .... . .. . . . 
Picking .... ... .. . .. ... .. ... . . . 
Packing ane! hauling .. . . . ..... . 

$7.00 
1.80 
2.00 
1.00 

. 15 
(j .Oll 
1.50 
3.()U 

R.OD 
(l.Oil 
] .2U 

~-1.0:) 

-I-O.OD 
10.00 

Total .. ...... .. . . ... ... . . ... $11 1.65 

S ecolld Year 
Rent ...... . . . .... ... . .. ...... . 
]~axes .. . ... . .... . .. . ......... . 
Mowing . .. ... .. ........... .. . 
Rej uvenating ......... . .. . ... . . 
Cultivating, s ix times .... ... . . . 
Mulch .. ...... . .. . .......... . . 
.l\f ulch application . . .. . ........ . 
l\f ulch removing .............. . 
] 00 crates . . .. . .... . ... .... . .. . 
Picking .. . ... . . . .... .. . .. . . .. . 
Packing and hauling .... . . .. .. . 

'rotal ............. . .. . ... . . . 

$7.00 
1.80 
1.00 
2 .50 
3.00 
4.00 
3.00 
1 .50 

U.O:) 
25.0~ 
7.00 

$67 .80 

All examination o[ the se data sho\\'s that approximately 65 per cent 
of the total co st '\\,a s that fo r p icking and handling the crop and between 
50 per cent and 60 per cent of the production costs w er e required for 
labor. 

It is not surpri sing that reported profits vary greatly hecause many 
factor s influence b6th the cost of production and the returns. ]'v10 st 
recent writers agree that the most important of these factors are 
associated \"ith yields per acre and quality. 

F ACTORS AFFECTI N G PmCE 

In addition to yield per acre, market price is important in determining 
profit s. Five factors which affect strawberry prices are quality, 
quantity, condition which causes a var iation in demand, the bargaining 
ability of grow er s' organi zat ions, and the efficiency of the whole 
mar keting system (49). 

Since the early days of the extensive fie ld culture of strawberries 
there ba ve been repeated di scu ssions of the danger of overproduction. 
A s early as 1868 such d iscu ss ions were com111on in the Rural New 
Yor ker and other periodicals and again 20 years later considerable 
emphasis was being placed Oll the danger. As the industry has spread 
t hrough widely separated sections and the transportation facilities have 
been greatly improved so that such a perishable crop can be put in 
di . tant market s success fully the matter of overproduction is an inter-· 
s tate problem. l ... ' or example, the early IVI ichigan crop competes with 
that from Ohio, Indiana, and Illinois, and its mid-season and late crop 
with that from 1V1'ill11c so ta . \Viscollsill, and N ew York. 
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PART II. FACTORS INFLUENCING PROFITS IN 
MODERN STRAWBERRY PRODUCTION 

l\1ETHODS OF THE PRESENT STUDY 

The strawberry is a rather intensive crop. It is planted, usually, 
by individual growers in small acreages and is produced at a compara­
tively high cost per acre. Large acreages are occasionally found in 
single plantings but in most instances the strawberry is a family crop 
and the acreage is limited to that which can he careel for by the family 
labor 'with additional help during harvest. 

The strawberry crop, like all agricultural crops, follows rather regu­
lar cycles. There are periods of increased interest during which the 
acreage is rapidly expanded, follo\H~d by periods o[ decline. This study 
was begun in 1929 when conditions were comparatively favorable and 
has continued through the most clifflcult years of the (lepression. 

PRODUCTION RECORDS OF REPHESENTATI\' E GRO\VERS 

The problem has been approached from two angles. First. and major 
attention has been given to a study o[ the commcrcial practices and 
methods of production wh ich have been well established and arc 
widely acceptec1. Through the cooperat.ion o[ county agriculiural 
agents, vocational agricultural t.eachers and others, contact was made 
with strawberry growers and product.ion records were obtained. These 
records show the methods employed, the labor distribution, and all 
important production costs. Some of the best and some of the most 
inferior, a s well as some of the more ayerage fields, \vere included 
and the work was continued during a six-year period from 1929 to 
1934, inclusive. In all, 69 records were obtained and their average 
should present a fair picture of existing conditions. 

DIRECT COMPARISONS IN FIELD PLOT TESTS 

Supplementary to this siudy, experiments were planned and con­
ducted to provide direct comparisons bet\l'een different methods of 
cultivation, fertilization, and ot.her important cultural practices. Several 
of these tests dealing with methods of cultivation and fertilization 
were conducted at the l\/Iichigan Agricultural Experiment Station and 
at other places in cooperation wit.h int.erested growers. In . this way 
the tests were placed on different soil types and under different cone1i­
tions of soil fertility. All comparisons were performed in triplicate, 
unless otherwise noted, and were repeated during two or more growing 
seasons. l\1any phases of the prohlem have been included in this 
experimental program. 

The usual statistics from the Bureau of Agricultural Economics, the 
Agricultural Census and similar reliable sources have been used in a 
brief discu ssion of the marketing problem. 

FACTORS JNFLUE~ 

COSTS ';YIJlCH D 

There can bc no argUl11e 
any agricultural crop c1epe 
yields, and selling price. 

GENERAL 

The total cost i1l\'oh'ecl iJ 
strawberry crop frolll a ne 
records, \\'as $120.27. The 
".,' h icll no cbargc was assig 
which the period o[ ctdti\'at 
1). Les. · intensil'e culture \\' 
year of the plantatioll's Ii 
total expense was incurred 
second crop threc-fourths 
harn'sting and handling of 

J\ N :\ LYSr~ 

An analysis of the itelll s 
a 11 d the cos t () f hall dl i 11 o· ::-, 

constit.ut.ed 51.2 per cellt c 
per cent during the secolld 
plantation was established t 
\\'hich \\'a s 35.8 per CCllt 0 

rea son for keeping a s t r;-l\1 

he found ill the greatly re 
average 0 [ 40 records only 
second crop of fruit. 011 
represented a llluch large1 
second year t.han durillg t.he 

O\'ERF-

The charge for la11el-ll SC 
the land value is charged. 
on t. he lanel wh icll \\"as OCCI 

t.o the yalue of his e11tire 
lllllllity. This yalue \\'as eli : 
illral agent or vocational t.c; 
J\s \\'olIlcl be expected thel 
per acre ill somc of the 111 0 

poor ridge Jand was cleare( 
$.200 per acre in a f c\\' cas 
large cit.ies. The more com 
;:l1lcl the aycrage for a1l rece 
ahly t.hese figures fairly re 
monly used for cOIl11llercial ~ 
was an iie1ll of cOllsiderahle 
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COST.' \ iV HICII DIRECTLY INFLUENCE PROFITS 

Therc can bc no argument that s tra'\\'herry proflts like tho sc from 
allY agricultural crop depe nd upon three maill factors-namely, cost, 
yields, and selling price. 

GENEnAL DISTRIDUTION OF COSTS 

The total cost involved in the production and harve. ting of the first 
straw b erry crop fr o m a n e, \' plant i ng, according to t he a veragc 0 f 63 
r eco rd s, ,vas $120.27. The average cost o f the seco nd crop against 
which no charge \\'a s assigned fo r establi shin g th e plantation and for 
,\' hich th e peri o el o f etllti\'a ti on ,,'as sho rt er, ,,'as $77,()0 per acre, Crable 
I ) , L ess inten sive cultur e ,\'as g iH'n by most g rowers during tb c second 
year of th e plantation's life , For the first crop n earl y haH of the 
total exp ensc ,,'as in curred hcf(jre the fruit ,,'as mature , " 'hil c fo r the 
second crop three-fourths of the e"pc nse wa s incurred during th e 
h a r \'C' s t in g and hall dl i n g () f the f r u it. 

AN l\LYSTS OF PI~O\)UCTION COSTS 

1\n analysis of th c itcllls w hi cll C() l11pri se ho th the cos i of productio11 
a nel th c cost of ha nellin g thc fruii is prese ni ed in Table.2, Labor 
co n s tit II t ed 5],2 per c c 11 i 0 r t 11 e t () t a I d uri 11 g th e fi r sty car a 11 d 40, G 
per cClli during th e seco lld yca r, Du ring th e first yea r in wh ich th e 
planta ti on was es tabli shed th e an' rage cash ou tlay was $ 19,93 per acre, 
which \\'as 35,8 per ce lli of the toial productioll cust, / \11 important 
reason for keeping a s tra\\ '])erry plantation for th e second crop Jllay 
he fOl1nd in th e g r ca tl y reduced cash expc nditure , j\ ccoreling to th e 
average o f 40 r eco rc1 s onl y $3.77 in cash ,,'as r equir ed 10 produc e th e 
second crop o f fruit. On the o ther hand. the ol'cr hea d or flxed cost 
represented a m uch larger proportion of th e tota l cost during th e 
~cc() nd year than (luring the fir st , 

OVERT-TEl\D OR FIXED COS TS 

L,\ ND Us!': 

The charge for Jand -usc has hecn li s terl as rent and 10 per ccnt oi 
th c lanel \'alu e is cbarged. Each grower was askecl t o place a value 
on th e lanel which was occupiecl 1>y the st rawberry planting according 
to th e yalu e of hi s e n.tir c farm ill relation to conditions in the com­
l1lunity . This ya lu e was disctl sse d anel checkccl with thc local agricul­
ltlral agent or vocational teacher in order to avoicllargc incon sistencies . 
J\ s ,,'mIld bc expec t ed th er e was a wide var iati on, ranging from $25 
pcr acre ill S01l1e of the 1110re isolated sec ti ons, where a comparatively 
poor ridge lan cl ,,'as cleared anel used for stra,,' ber ri es, to a s much as 
$.200 per acre in a fc\\' cases where strawberries were produccd near 
large cities. Th e more C0111mon ra nge ,\'as from $-1-0 or $50 up to $100 
anel thc averag , for all records ,,'as approximatcly $70 pcr acre. Prob­
ably th cse figures fairly reprcscnt t he yaluc of the land that is com­
monly u sed for com m er cial s t ra \\'1)crry growi ng. Land r e ntal, therefore, 
was an itel11 of considerahle s ig11ificanc e s in cc, according to Table 3, it 
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FACTORS INFLUENC 

TABLE 3. Dctailcd .l 

N umber of records . ... . 

Total overhead ch arge ... . 
Rent . . ............ . . 

P er cent of overhead cost . . .. 
Per cent of production cos t~. 

Item 

Equipment cha,rgc ... .. . . . . . .. . . .. . 
Per cent of overhead cost . . 
Per cent of production cost s . 

Total cash expense . . .. . 
Plants ...... . .. . ...... ... . 

Per cent of cash expense 
Per cent of production costs. 

Fertilizer cost . . . . . . . ... ..... . 
P er cent of cash expense .. . . . . 
Per cent of production cos ts .. . 

Mulch ..... .... . . ... ... ... ... . 
P er cent of cash expense ..... . 
Per cent of production costs .. . 

Total labor cost ... . .. . . . . . . . . ....... . 
Establishing planta,tion or reno \, a,tion. 

P er cent of labor cost .. .. ... . . . 
Per cent of production costs . . . . 

Slimmer cultiviLtion . .. . . 
P er cent of labor cost . . . ... . .... . . 
Per cent of prodllctioll costs .. . 

Spring ca,rc . . . . . .. 
P er cen t of lahor cost. . .. . . . 
Per cent of production costs .. . 

To ta,l production costs . . . 

*A composite of a ll record s obta,incd ell 

represented 11.9 per cent of 
and 38.6 per cent of the pro, 

EQu 

As an additional 11xed c( 
use of equipment. \i\l ith the 
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T ABLE 3. Dctailed A llalysis 0 / j ' rodll ction Costs P CI' .l1crc. 
--

I tom Firs t Y ear Second Y e<Lr 

N umber of records . . _ . 63* 10* 

Tot.al o \'erhoad ch argo __ . . . ........... . ....... . 
R en t. . .. . . . ... . .. ... ......... . 

$7.27 $7 . . ')7 
:56 . 61 . 7 .39 

Per cent of ovorhead cos t . . .. . 
Per cen t of product ion cos t ~ .. 

00 .9 % 07 . 6 % 
1l.0 % a8 . (j % 

E(JlIipment ch arge . . . .. . ...... . 
P er cent of ove rhead cos t ..... . 
Por cent of p roduct ion cos ts .. . 

$0 . 66 $O. l R 
D. 1% 2 . 4 % 
1.2 '10 1.0 % 

Tot"LI cash expense . . .. . 
Pl ants .. ...... . . . . ... . . .. .. .. . 

$[0 . 0:1 $3. 77 
$ 10 .98 

Per cent of cash expense ..... . 
P er cent of produ ction cost. s .. . 

5!). 1% 
10 .7 % 

F ertili zer cost ... .. . . . . ... .... . S:') . 83 $2 . 20 
P er cen t of cash expen se . . . .. . 
Per cent of produetion cos ts .. . 

29 .3 % 60. 8 % 
10 .4 % 12 . 0 % 

MlIlcll .... .. .... . . . . .... . ... . . . $:1 . 12 $1 . 48 
P er cent of cash expen se .. . .. .... . 
P er cen t of product.ion cos ts . ..... . 

16 . 6 % 39 . 2 % 
5 . 6 % 7 . 7 % 

Total labor cost . . . . . . . . . . . . . . . . . . . . . . . .... .. .. . .. . . $28. !i:1 $7 .77 
E stablishing pl an t ation or reno vat ion . . . . . . . . .. .... . . . . . . 

P er cent of labor cost .. . .. . .. .. .. ... . ...... . .......... . .. . 
P er cent of produ ction cos ts ... ..... . . . . . .... . .. . ....... .. ... . . 

$10 .00 $2 . 04 
a8 . 2 % 26 . 2 % 
1\:l.6 % ]0 . 6 % 

81lmmor cultiv<Lt. ion . . . . .. . .......... . . . .... . ... . ..... . ... ... .... . $16 .06 $.') . 10 
P er cont of labor cos t . . .. . ... . . ..... . . . .. . ... . ............. . . . . 
P er cont of product ion co.- t s .... . ........ . . .. . . ... . . . ... . . .. ... . 

.')6 . 3 % 65 . 8 % 
28 . 8 % 26 .7 % 

Spring e<Lre .. .. . .. .. . . . 
P er cen t of labor cos t .. . . .. . . . .. . . . ....... . ............... . ... . 

$ J . !i7 $0 . 6:1 
r. . r. % R. 2% 

P er cent of p rod uction cos ts .... . .. . 2 . 8 % 3 .3 % 

Tot al proclu cti on cos ts .. $55 .72 $1 0 . 11 

*A composite of a ll recor<l s obtained <luring- a 5-year pe rior! . 

represented 11.9 per cell t o f the t o ta l produ ction co st for the fir s t crop 
and 38.6 pe r cell t of th e produ ction co t for the second crop. 

EQUInIEN T DEPRECIATION 

As an additional fixed cost som e charge was nece sary for th ~ 
use of equipm ent. \i\1ith the except ion o f a di sk, which is used during 
the fir st preparation o f the soil , th e entire cultivation of a strawberry 
planting, is done by ve ry durable and inexpensive t ool s. Mo t of the 
cultivation is done with one-hor se cultivat or s and after careful consider­
ation it was decided t o cha rge OIle cent per horse-hour for equipment 
deprecia ti on. As can be see n in Table 3, thi r epresented a very small 
part of th e t o tal proc1u ction co st and less than 10 per cent of the 
overhead. 

CASH EX PENSES 

Th e cash expenses invo lved ill th e production of strawberri es are 
very important t o the comm erc ial g rower. Since a large part of the 
labor is perform ed by the fa mil y a nd, t her efore, do es not r equire an 
outlay of money a nd since th e fi xed c1l a rges a r e usually even less 
tangibl e there is a t ende ncy for th e g rowe r t o consider the cash 
expen e omewhat mo re impor tan t t han th ey r eally are. 
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PLA NTS 

~he large s t single itC1ll according' to this s tudy \\'a s the cost of plants 
\",hlch repr ese nted 55.1 per ce llt of the cash expenditure during the 
flr:st year. There \\'as considerahle va riati on among th e gTO\\'erS in 
thIS chargc beca use man y of thelll purchase(l their plallts locall y at fl 

cost frequ entl y run1ling as low as $1.:25 per thousand or used t belr 011'11 

pl~nt s and recorded a similar charge. Other growers cooperating in 
thIS study purchased from distant plal1tsmell at prices ranging as high 
as $3.50 or $4.00 per thousand. Additio nal I'ari at ion was caus ed hy 
the fact that so m e grO\\'e rs set ~,OOO- ]O,OOO pla1lts per acre while other s 
spaced th e plants llluch more wielely and set 0 111y 4,000-5,000 pla1lts. In 
ll10 st ca.ses the growers \\'110 purchased expellsi\'c plants spaced them 
more WIdely and placed them on a better Cluality of so il than the aver­
age . The average cost g iven ill Table 3 is $10.t)8 per acre for plant s 
ar~d ~pproxi111at e ly one-third of the individual r eco rd s show a chargc 
w lth1l1 $2.00 o f that a m ount . 

FJ::InJI. 1 ZE I ~ 

The second largest ex pense " 'as for fertilizer, C\'Cll th ough 23 per 
cent of the growers made no application during 111 e fir st year and 5.5 
per cent of the records for the second yea r show no fertilizer cost. 
The. average expenditure by thosc g rowe rs who made an application 
dur1l1g the fir st yea r was $7.49 per acre, and t11 e averagc for those 
making an application during the sccond year ,,'as $5 .08 an acre . Con­
sidering the average for all records, ho\~' ey e r, the ri r s t - yea l' fertilizer 
cost approximated 30 per cent of the total cash expe nse and 10 per cent 
of the total production cost. The second year fert ilize r cost represen tcd 
60 per cen t of th e total cash ou lIay and ] 2 per cellt 0 f the t otal cost 
of production for that year. 

M ULC H 

A similar condition exists in rega rcl to th e usc o[ Illulch. Only 40 
per , cent of the g r ower s cooperating in tbis study applied lllulch for 
the first crop and only 25 per cent mad e an applicaton for the second 
crop. The average cost for those growers who m ade an application 
was approximately $7 per acre ancl was, therefore, a very significant 
part of the total cost of production. 

LABOR REQUIREMENTS AND COSTS 

The cost of farm labor yaried co nsiderably during the perioel of th is 
s tudy. The rate according to the a\'crage of all records wa s 14.1 cents 
per hour. During the first t\\'o years, 1929 and 1930, t he usual charge 
\\~ as 20 cents per hour but during the m ost difficult years of th e depres­
SI0 11 farm labor was (L\'a ilabk at a lo\\'e r cost. A s im ila r lariatioll 
occurred in the cost of horse labor which showed all Cl\erage of slightl y 
~llore than e ight ce nts. l \ considerable part of th e hand lahor \\'11icll 
lS performed on a st ra\\'berry plantation is clo11e hy hoys and this has 
tended to reduce the a\'erage cost per hour. Although these rate s 
are somewhat too low to r epr esent general conditions they ar e the 
actual co st s and will serve as well as any to bring out the relative costs 
of different operations . 
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In an analysis of the labor required for the production of strawberries 
it is convenient to separate the total amount into three parts. First 
of all there is the labor required for establishing a plantation or reno­
vating it after the fir st crop; second, the labor required for cultivation 
and other care during the growing season, and, third, the labor r equired 
during the spring before harvest . 

ESTABLISHING THE PLANTATION 

The different t ypes of land used for strawberry growing cause rather 
,;vide va riations in the expense necessary for so il preparation and the 
es tabli shment of a plantation. On the whole, the labor r equired for 
preparation of the so il , se tting, and other work connected with estab­
li shin g a straw berry plantation represented nearly one-third of the 
total labor required for the fi r st year. The hand labor of setting 
plants was the larges t sing le it em and repr esented 17.5 per cent of all 
labor before the first crop was har ves t ed . The amount of time required 
for setting varied grea tly acco rding to the spacing of the plants and 
the care w hich was used in the work. Seventeen of the 63 r ecords 
showed fewer than 20 hours and 18 of the r eco rds showed more than 
35 hours per acre required for setting, leaving approximately one-half 
of the r eco rd s showin g intermed ia t e amounts of time. The preparation 
of the so il was the principal \vork requiring hor se labor and represented 
approximately one-half of the total amount r equired for the first year. 
Where it is the practice to harvest hvo crops from a strawberry plant­
ing, one-half of the labor used in the establishment of the plantation 
should properly be r ecorded against the second crop. 

FIELD CULTURE FHOM SETTING TO HARVEST 

]'he proper care of a strawberry planting is not v,Tell standardized. 
:Many growers consider that it should be g iven very intensive care 
during both the first and second summer. Other growers favor intensive 
car e during the fir st summer and comparatively little work after the 
fir st harvest, w hil e still other growers do not practice intensive culture 
during either year. Acco rding t o the production r ecords which are 
available for th e first year, 13 of the 63 growers hoed their planting 
more than fiv e times, 23 hoed three times or few er during th e first 
season, and 27 hoed four or fiv e times . Ther e was a similar diffe rence 
in th e horse cultivation. Those who followed th e more intensive 
methods cultivat ed their planting from eight to t en time s during the 
season, w hil e a lmost an equal number cultivated only three or four 
times. Some justification for these differ ences may be found in the 
kind of land which is set. If the strawberri es are following a very 
intensively cultivated crop like potatoes the soil will be fairly fre e 
from weeds, w ill be in good condition, and will require less cultivation 
than if land is used w hich has been carelessly tilled or has been unculti ­
vated. According to the available data, it r equires an average of 19 
hour s hand labor each time the strawberry planting is hoed. L ess time 
is required during the ea rly season before runners start than during 
late summer w hen the matted row has become established. Practically 
all of the horse cultivation is done w ith one-horse implements, with 
t wo to fi ve shovels, and on the ave rage it r equires about four hours 
per acre for each work in g. 
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Comparatively little labor is required in a strawberry planting during 
the spring before the first harvest if proper cultural practices were 
followed during the previous summer. Only 34 of the 63 records 
showed any hand work during the spring and only 28 reported horse 
labor. When the average time required for spi-ing work is based on 
all the records it amounts to but 5.2 per cent of the total man labor 
requirement and 9.1 per cent of the total horse labor. Those growers 
who reported spring work, however, used an average of 15.7 man 
hours and 12.9 horse hours per acre which is a more significant factor 
in the total labor requirement. Some growers pull out the large weeds 
during the spring before harvest but no great amount of labor is used 
for such work. 

The actual labor used in the care of astra wberry planting before 
the first harvest varied from a minimum of 67 hours per acre reported 
by one grower to a maximum of 285 hours reported by another. These 
extremes represent exceptional cases since only eight of the 63 records 
reported fewer than 100 hours and only 13 reported more than 200 
hours per acre. The average, given in Table 4, fairly represents the 
labor requirement for satisfactory strawberry culture. 

The care of a plantation after the first crop depends greatly upon 
the conditions which exist. Many growers who have given their plant­
ing only mediocre care during the first season do not find it profitable 
to continue the planting for a second crop. Some, also, allow the 
planting to remain without any care and harvest a second crop if prices 
are favorable and there is a sufficient quantity of fruit to justify picking. 
The production records which are available show these differences 
clearly. For example, only 24 out of 40 second-year records reported 
any definite plan of renovation. Only 33 of the 40 did any cultivation 

TABLE 4. Analysis of Labr·y Dlstribut-ion. (On an Acre Basis.) 

First Year, 63 Records 

Establishing the plantation 
Man labor 

Setting (hrs.) .. ...... . 28 5-% of total. 17 . 5 
Other labor (Ius. ) ... .. 20 .7-% of total. 12 . 7 

Total (hrs .) .... . . 49 . 2- % of total. 30 . 2 

Horse labor (hrs.) ..... 33 . 0-% of total.51 . 6 

After prorating labor 
Man labor (Ius. ) ...... 24.6-% of total . 17. 8 
Horse labor (hrs.) . .... 16 .5-% of total. 34 . 8 

First summer labor 
Number times hoed ... 4 . 2 
Number times plowed . 6 . 1 

Man labor (hI's .) ... . . . 105 -% of total.64 .5 

Horse laboI (hrs .) . ... . 25 . 1-% of tota1.30 . 2 

Spring before first crop 
Man labor (hrs .) ..... . 8.4-% of total . 5 . 2 
Horse labor (hrs .) . . . .. 5 . 8-% of total. \) . 1 

Total labor 
Man hours : Actual. .. 162 . 6- prorated .. 138 
Horse hours: Actual. . 63 . 9- prorated .. 47.4 

Second Year, 40 Records 

Renovation 
Average based on all records 

Man labor (hrs .) ... 7.7- % of total. .. 17 .9 
Horse labor (hrs. ) .. 6 . 7-% of total .. . 37 . 2 

Ave rage based on records reporting (24) 
Man hours . . ..... 12 . 8- Horse hours .. 10 . . 5 

Summer care after first crop 
Average based on all records 

Number times hoed 1 . 4- times plowed . 2 . 2 
Man labor (hrs.) .. . 32.5- % of total . . . 7.5.5 
Horse labor (hrs. ) .. IO .3-% of total. .. 57.2 

Average based 0:1. records reporting (33) 
Number times hoed 2 . I - times plowed . 2.8 
Man labor (hrs .) .. . 39 . 3- Horse labor. .12 .2 

Spring care before second crop 
A verage based on all records 

Man labor (hrs .) .. . 2.8- % of total. .. 6 . 7 
Horse labor (hI's.) .. 1.0-% of total .. . 5 .5 

Average based on records reporting 
Man labor (hrs .) ... 7 .5- (15 records) 
Horse labor (hI's.) .. 4 . 1- ( 8 records) 

Total labor 
Average based on all records 

Man labor: Actua1.43 - prorated . .. . . 67 . 6 
Horse hrs.: Actual. 18 - prorated .. ... 34 . 5 

Average based on records reporting (35) 
Man hours .. . . ... 49 . I - Horse hours . . 20 . 7 
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after the first crop, and five of the 40 growers who reported on a second 
crop did no work of any kind after the first harvest. The averages 
presented for the second year in Table 4 may be misleading for those 
reasons. When averages are based upon all records " they show only 
7.7 man-hours and 6.7 horse-hours per acre to be required for renova­
tion, while the 24 growers who did special renovation in their plantings 
reported an average of. 12.8 man-hours and 10.5 horse-hours per acre. 
Even those growers who practice cultivation during the second summer 
follow less intensive methods than are customary during the first 
season. Seventeen of the 33 growers who reported cultivation hoed 
their planting one time or did not hoe at all but used horse cultivation 
entirely. Only four of the records showed more than three hoeings 
during the second summer. Approximately one-half of the records 
show that plowing was done three or four times, and only two report 
that plowing was done more than four times. 

The totals which are given in Table 4 show that on the average only 
26.8 per cent as much man labor and 28.1 per cent as much horse labor 
was actually used during the second year as during the first. After the 
labor of establishing the plantation has been divided, approximately 
half as much labor is charged against the second as against the first 
crop. It is clear, therefore, that when other conditions are reasonably 
favorable the opportunities to obtain a profit from the second crop are 
greater than from the first crop. This fact in large measure justifies 
the thorough intensive care of a strawberry plantation during the 
first year. 

HARVESTING AND HANDLING COSTS 

The strawberry is an extremely perishable crop and requires close 
attention during harvest. In order for the fruit to reach the consumer 
in desirable condition it must be picked as soon as it is entirely colored, 
it must be handled as little as possible and moved into the market in 
the least possible time. The cost per acre varies directly with the 
yield and is much less significant than the cost per crate. A separate 
tabulation of the harvesting and handling cost for the first and second 
crops showed no significant difference in the percentage of the total 
cost which "vas reported for the different items. For that reason all 
records are combined in Table 5 which gIves the separate items in the 
harvesting and handling of this crop. 

PACKAGES 

In this report all references to crates refer to 24-quart crates. The 
cost of these packages is a heavy expense to strawberry growers, 
representing 30 per cent of the total expenses for harvesting and han­
dling the crop. The cost of crates has not varied as much as would 
be expected during the period of this study. The lowest price that 
was reported by any considerable number of growers was 26 cents and 
the highest price reported was 35 cents per crate. These packages are 
seldom returned for use tl1e second time and in seasons "when the price 
is low the difference between profit and loss may hinge upon the cost 
of packages . 
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PICKING 

The labor required for the handling of a strawberry crop is the 
largest item of expense. According to the data presented in Table 5 
the labor cost was approximately 59 cents per crate, which represented 
51.4 per cent of the total harvesting and handling cost. Picking straw­
berries is slow and expensive. Women and children are used a great 
deal and are generally found to be more satisfactory than men for 
this work. They are usually paid by the quart and the rate is practically 
uniform in each community. During the early years of the present 
study 2 or 27'~ cents per quart was the customary rate, but during 
the worst years of the depression thi s was reduced to 1 cent per quart 
and in recent years it has generally been increased to only 10 cents. 
Some of the large growers who employ large numbers of pickers make 
it a practice to hold back a fraction of the pay until the close of the 
season, giving it a s a bonus to those pickers who remain with them 
throughout the entire season. l\1:ost growers with small acreages are 
able to do most of the picking with their own family and the help 
of neighbors . It is desirable to have a large proportion of the cost 
of harvesting and handling astra wberry crop remain in the family 
or in the immediate community. According to the data presented in 
Table 5, the cost of picking amounted to approximately half the total 
cost of harvesting and handling the crop and represented more than 
75 per cent of the labor. 

TABLE 5. Harvesting and Handl·ing Costs. 

Labor Cost 

Package Cost 

Picking 
G rading Super- Total and vision Labor Packing 

Per Acre . ..... .. . $19 . 04 $30 . 03 $5 . 60 $2 . 66 $3S . 29 

Per Crate . .. . .... 29 .4¢ 46 . 4¢ S. 6 ¢ 4 . 1¢ 59 . 1¢ 

Per cent of Total. . 30 . 6 % 4S.2 % 9 . 0 % 4 . 2 % 61.4 % 

Number of reco rds: 103. (63 for the firs t crop and 40 for the second crop .) 
Yield per acre: 64.S. (67 for the first crop and 61.2 for the second crop .) 

Hau lin g Total 
Cost C ost 

$4 . 9S $62 . 31 

7 . 7¢ 96 . 2¢ 

SO % 

Growers with rather large acreages find it necessary to supervise 
the picking and packing carefully. Those who have a small acreage 
and are able to care for the work with their own family and the help 
of their neighbors do not employ additional help for this purpose. Only 
65 of the 103 records gave a separate charge for supervision and the 
average cost according to these 65 records was $4.23 per acre. Seven 
large growers who had employed field bosses to supervise the picking 
reported a cost of $10 or more per acre for supervision. 

GRADING AND PACKING 

The methods used in grading and packing strawberries differ greatly 
in different communities and also from year to year. During seasons 
when the supply is limited and the market demand is active growers 
find it unnecessary to practice as careful grading as is done during sea-
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sons when there is a di ·tinct surplu s of fruit. Some growers practice 
uniform method s of gradin g in order to supply a uniform quality to 
their trad e. These gro'wers u sually follow a definite plan as follows: 
as soon as the pickers deliver the fruit t o the packing shed the packers 
take each cup and turn it into an empty cup so that all defective berries 
can be r emoved. The fruit s in the top layer are then arranged in a 
uniform way to hide the calyx and to present a smooth uniform surface. 
The expense of such hand li ng amo unt s to from 8 to 12 or possibly 
15 cents per crate according to the condition of the crop. Most straw­
berry growers, however, simply rearrange the top berries and do not 
turn the cups at th e packing shed. According to the average of more 
than 100 record s included in th is study, the cost of grading and pack­
ing was 8.6 cents per crate. This amounted to only 9 per cent of the 
total harvesting and handlin g cost, but represent ed 14.6 per cent of the 
labor. 

lLI\ U LI N G 

The cost of hauling fruit to the shipping point was not easi ly deter ·­
mined. In every com munity growers are scattered over a rather wide 
area and und er such condition s the cost of hauling r epresented a 
significant proport ion of the t o tal cost. On the other hand, many 
grower s located Iv ithin a few miles of the 'hipping point delivered 
berries in passenger cars at little expense. Hauling charges were 
usually based Oll a per crate cbarge when the work wa. done by a 
truck hired for that purpose. In cases when the owner delivered his 
own berri es to the shippin g point a per mile charge was used varying 
according to the quantity of fru it 'which was delive red. The average 
charge of 7.7 cents per crate given in Table 5 is liberal, considering 
the conditions in most strawberry shipping communitie. . This charge 
represents 8 per cent of th e tota l l1arvesting a nd handlin g cost. 

FACTOH.S \VHICII CONTROL STRA\ VBE RH.Y YIELDS 

The survey of lit erature which has been r eported in Part I indicates 
clearly the wide difference of opinion among growers and writers as 
to the cultura l methods which produce the highest yields of stra w ­
berries w ith the greatest profits. It is evident that there are many 
factors which contribute to the profitable production of this crop and 
the obtaining of high yields per acre. A summary has been prepared 
from a group of r eco rds on strawberry fields which were set in 1929. 
These records, in Table 6, are assembled in two groups according to 
the total y ields. From a s tudy of thi s tabulation some idea can be 
obtained 0 E the r ela tive importance of various factors which influence 
production. One of the mo st obvious relationships is that between the 
yield and land val ue. The average land value for the high-producing 
group is $94.16 and for the low-producing group it is only $58.33. 

ADAPTAB ILITY OF THE SOIL 

Among the many fact or s affecting the profitable production of the 
strawberry crop the so il is of fj r st importance . Grower s speak with 
considerable assurance that certain areas have a "strawberry soil" and 
other locations clo not. Experience and observat ions make thi s fact 
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certain even though definite proof is diHicult to obtai n and strawberrie5 
are recognized as a crop which can be grmvn on a w ide variety of soils. 
The characteristics wh ich make a so il satisfactory for strav.rberry 
culture are many and varied. Each factor exerts it s influ ence but no 
one or t \\' 0 factors completely determine the suitability of a gIven so il. 

CUARACTERISTICS OF SO-CALLED "STRAWBERRY LAND" 

A very desirable tra w berry so il may be described as a sandy or 
gravelly loam which is in good physical condition, contains abundant 
humus, is at least moderately fert il e, and is well drained. 'rhe lighter 
types of oils are more eas ily worked, more responsive t o care, and are 
generally preferred by successful gro·wers. Because strawberries are 
frequently grown in newly cleared land which is naturally poor some 
growers believe that it is a poor land crop. Observat ions throughout 
this study and the expressed opinion of successful growers, however, 
indicate that satisfactory yields are very difficult t o obtain on poor 
land. Most growers who use thin, unproductive soil consider "new 
ground" to be necessary and usually attempt to grow only one plant­
ing of strawberrie s on a single location. To be sat isfactory, a st raw­
berry so il must be well dra ined yet retent ive of moisture because plants 
are easily injured by e ither a water-soaked condition or a definite lack 
of moisture in the so il. This is especially important as harvest ap­
proaches. It is des irable to have a subsoil slight ly heavier than the 
top soil because such a condition tends to reta in fertilizers and moi sture 
but it is very important that the subsoil be suffi cient ly open to allow 
the penetration of strawberry roots and to permit normal drainage. 

The many factors wh ich go to make up a desirable so il for straw­
berry growing are interdependent. If anyone is seriou sly deficient it 
may become the limiting factor and practically prevent successful cul­
ture . When the factors are \vell balanced the most satisfactory y ields 
arc obtained with reasonable effort. Nevertheless, observations have 
led to the conclusion that the physical condition of the so il and the 
previous care which it has had are of the greatest importance. For the 
mo st part, strawbe rrie s are produced by the matted-row system of 
culture, and thorough cultivation is difficult after many runners have 
become established. If the so il has been poorly managed in previous 
years so that it is infested with weeds of var ious kinds the successful 
growing of this crop is difficult indeed. It is for this reason that suc ­
cessful gro 'wers prefer to plant strawberries following a clean-cultivated 
crop. Observations during this study have indicated r epeatedly that 
low yields and unsa ti sfactory res ult s usuall y fo llow the planting of 
strawberries on weed-fouled lancl. 

INSPECTION BEfORE PLANTING AS A GUIDE 

In order to obtain evidence on the importance of the so il In deter­
mining trawberry yields the so il was rated or scored by the writer in 
the fields w hich were included in Table 6. T he rat ing of the so il was 
given at the time the planting was made and \vas based upon the 
factors previously di scussed. In Table 7 those fields having more 
desirable so il are sepa rated from the ones which had less desirable so il , 
and suffi cient data are included to indicate the care which the fields had 
before the first han'est. In most cases, though not in all, the lan el 
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which was gi\'en a high valuation by the o\\'ner \\'as rated as satis­
factory for strawberry growing by the writer even tholwh the land 
valuation \vas not considered in the scor in g. The fields in both groups 
were given practically tbe ame care in preparation, but the group on 
the more desirable so il was given 'om ewhat more careful cultivation 
during the season and cultivation was continued later in the summer. 
No doubt this additional care bad some inRuence on the yields but it 
is not sufficient t o account for all the difference. It is significant that 
five of the six growers havin o' less desirable so il applied fertil izers while 
only two of those in the group having more desirable so il made such 
applications. Except in one instance, the so il s judged to be more satis­
factory produced high yields in compa ri so n with those con idered less 
desirable. The low y ield for Record 4 may be explained by notes which 
were taken during the growing season showi ng that the land was 
worked \\'hile a little wet during so il preparation and only about 60 
per cent of a stand was obtained at sett ing. No tes that were made 
in the fall indicate that later cultivation was very des irable but that 
ome vacant places did not fill properly with plants. 
l'he importance of a good oil was clearly indicated during th e field 

experimental \\'ork conducted in this investigation. In 1932 cultural 
plots ViTere established in three locations. All three of these plantings 
were on so il of imilar type, bein o' of dolomitic origin, but one of the 
so ils had been \\'orn out with long cropping so that it was less fertile, 
contained less hUl11u., and \\'as inclined to he more impervious to mois­
ture than the others. One of the three so il s had heen very carefully 
managed during previous years and an alfalfa sod was turned during 
the early fall in preparation for a spring planting of strawberries . This 
so il \vas in exce llent physical condition, was distinctly more fertile, and 
would be considered more desirahle in eve ry way than the first. The 
third planting was made on a so il intermediate in condition. It was 
less impoverished than the first hut was distinctly less fertile than the 
second. Similar field tests \\'ere conducted on all three locations and 
the average yield which \\'as secu red reflected the original condition of 
the so il. The poor so il a\'eragec1 73 crates, the 1110St fertile so il averaged 
163 crates, and the intermediate one produced 92 crate per acre. ![any 
simil ar obserYatiolls have been l1l<1de during the course of thi s investi ­
gation. 

IJ\f I'Oln' ,\ NCE OF AVJ\TLAI1LE PnOSPIJORTC ACID 

An attempt \\'as made to obta in mor e speci flc evidence by collecting 
and testing samples o f the so il from the .fIelds where records we~'e being 
kept. The availahle supply of phosphoric acid and nitrogen \\'as deter ·­
mined by the method described in l\Jichigan Agricultural Experiment 
Station l'echnical Bulletin 132, The acidity \\'as determined by the 
Lal\lotte test and the hUlllus content was cl etermin ed by burning a 
sample o[ oil to constant we ight. 

All of the soils included in the surv ey were distinctly acid ill reaction. 
The approximate pH valu e rangeel from 4,9 to 6.2 but no significant 
relation could be found behveen acidity and yields. The only consistent 
data obtained in this study were on the importance of phosphoric acid, 

oil samples were obtained for testing from 52 fields from which pro­
duction records were ava ilable. Seventeen of these soi ls showed 75 
pound or mol' of a\'ailahle pho , phoric (\.cid per p'cre , Eight; or 47 
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per cent of these soils" came from fields which produced more than 
the average yield, 67 crates per acre. Twenty of the so il s tested 50 
pounds available phosphoric acid and nine, or 45 per cent of these 
samples came from fields producing yields above the average. Of the 
15 soils which tested 25 pounds of available phosphoric acid or less 
only three, or 20 per cent came from fields where high yields were 
obtained. Among the fields producing yields above the average there 
were 20 which were tested for available phosphoric acid and of the se 
15 per cent showed 25 pounds or less, 45 per cent showed 50 pounds, and 
40 per cent showed 75 pounds or more of available phosphoric acid. 

A group of 22 records from fi elds which were set in 1932, in one 
county, were included in thi s study. Ten of these fields produced a 
yield above the average (62 crates) for the group and only one of 
these showed 25 pounds or less of available phosphoric acid, four showed 
50 pounds, and five showed 75 pounds. Of the 12 field s \vhich produced 
yields less than the average only two showed 75 pounds of available 
phosphoric acid or more and six showed 25 pounds or less. 

To obtain additional evidence, soil samples were collected again in 
1934 from fields where labor records were not available but from which 
yield records could be obtained. Forty-six of these tests were made 
and the average yield per acre for those fields was 81.6 crates. The 
data concerning acidity and the available nitrogen supply were equally 
as inconsistent as in the previous study. Nineteen of these fields pro­
duced yields above the average and 79 per cent of these high y ielding 
fields showed 75 pounds or more of available phosphoric acid, while 
only 51.6 per cent of the 27 fi elds producing yields below the average 
showed this high amount of available phosphoric acid. Twenty-five 
records with the Aroma variety are included in thi s study and ten of 
these fields produced yields above the average (79.9 crates per acre) . 
Only two of these ten field s had le ss than 50 pounds of available phos­
phoric acid per acre. 

Though not conclusive, these r esult s do indicate the importance of 
phosphoric acid in stra vl berry soils. 

Throughout the studies inconsist ent r esult s could frequently be ex­
plained by notes 'which were made during the growing season. l\;fany 
times the low yield in a field which showed favorabl e amounts of phos­
phoric acid was explained by poor cuI tiva tion , a poor stand of plants, 
or failure to harvest the entire crop. On the other hand, high yields 
from fields where the soil did not show a favorabl e amount of available 
phosphoric acid could frequently be explained by the unusually good 
care which was given during cultivation and harvesting. 

I NFLUENCE OF PREVIOUS CARE 

In thi s study so me indication was found that humus is an important 
factor in strawberry so il s but no significant data were obtained. One 
group of treatments were intended to reduce the humu s. For th is 
purpose a series of three plots were kept free of a ll g rowth during 
the entire season and in another series of plots corn was grown with 
careful cultivation. A nother group of treatments were planned to add 
organic matter to the so il w ithout nitrogen and for this purpose weeds 
were allowed to grow without control in one series of plots, and sudan 
g rass was seeded in another series . A third group of treatment s were 
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T .-\llLE 8. J:.'f)'cct of Soil Trcat1Jlent on HUll/its Content of S oil) Total Yield 111 1,(l Si.:·c of Fntit of till: First Crop. 

P er cent of Berries 
P er cent Average I Diameter, in inches 

Treatment Humu s Rlinners Average Total No . 
in Soil at Produced Yield Berries 
Harvest %- ~4 - 1;4 1:4+ 

Clean CultiYation . .. 4.92 125 8.72 170 16 . 8 71.7 11.5 

'Yeeds .... . . . . . 4 . 93 136 10.80 207 12 .2 70 .7 17 . 1 

Manure and \Yeeds .... . 5. 12 188 13 .72 242 11 . 7 67 . 6 20.1 

Pe::1t and W eeds .. . . 5 .78 131 13 . 86 262 14 .3 68.7 17.0 

Legume, Peas and Soybeans . .... 5 . 13 153 12 . 16 255 11 .4 74 . 1 14 .5 

Sudan Grass .. . ........... . ... . 5.12 91 9.88 192 14 . 7 70 . 3 15.0 

Corn Cultivation ............... . 5.03 123 8 . 31 155 14 .4 71.1 84.3 

NOTE :-Figures are aye rages tor plots run in triplicate, 20 p1ants to the plot. set 18 inches apart each way, with barrier rows between plots. 
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planned to add both nitrogen and humu s to the so il. For thi s purpose 
an application of 10 ton of manure was made in the sp ring and another 
application of 10 ton s was made in the fall to a se ri es of three plots, 
and in another seri es a sp ring crop of peas was turned uncl e r follow ed 
by a summer crop of oy beans w hich was turned uncler in the fall. 
To the final seri es German peat was applied at the rat e of 10 tons per 
acre. In the spring of 1932 straw berri es we r e se t in these plots and 
the plants were confined to the hill system. The production of runner s 
recorded fr equently during the growing season serves a s an index of 
comparative vigor. Table 8 shows the r esults of this test at the fir st 
crop which was produced in 1933. 'I'he humu s content of the so il was 
influenced only slightly by it s treatment during the previous summer. 
The yield both in we ig ht, in number of berries a nd in size of fruit s 
corresponded rather closely to the so il condition which was improved 
by the addition of humus. 

There is sufficient evidence available to ju'stify the statement that 
success in strawberry growing is grea tly influenced by the selection of 
a suitable so il and the management of that so il before strawber ri es are 
plant ed in such a way as to avoid serious weeds, and to maintain it in 
de sirable physical condition a nd fer tility. 

METHOD OF CULTIVATION 

AMOUNT AND TnOHO U GIINES S OF CULTIVATION 

A study of Table 6 shO\vs that cultivat ion is a factor which greatly 
influences strawberry y ields. In Table 9 the same g roup of records 
are rearranged to include those receiving the largest amount of culti­
vation in one group a nd those receiving less cultivation in a second 
group. It will be seen immediat ely that there is a str iking similarity 
in the two arrangements . In fact, only one fi eld, Record 29, dropped 
into the lower group in the rearrangement and ,vas replaced by Record 
28. If the separat ion were based upon the number of cultivations given 
rather than upon the labo r applied there would be co mpara tively little 
change. R ecord 29 would be returned to the higher gro up and Record 6 
w ould replace R ecord 27 in this OTO Up. T he date of the last cultivation 
may be even more significant than the total number of cultivations 
which are given in str awberry fields. T hi s info rmat ion is ava ilable in 
10 of the 12 records w hich are included in Table 6. \tVhen the records 
are arranged on thi s basis all of those in which cultivation was con·· 
tinued late into the summer, except one, Record 5, are included in the 
high yielding group, and only one in -which cultivation was stopped in 
July is included in this g roup. 

To obtain more direct comparisons and more re liable data, field 
t es t s were a rranged to determine the influence of effici ent cultivation 
on strawberry y ields. ]'he Aroma, Premier, and Klondyke varietie s, 
respectively, wer e used in these tests. Each test was run in triplicate 
w ith three record rows in each plot and a g uard row between the plots. 
Clean cultivation was p racticed in a ll plots during the ea rly summ er 
and was continued in one ser ies throug hout the summer and ea rly fall. 
This cultivation was suffi ciently freq uent and intensive to control weeds 
and to keep th e so il in reasonably good condition. In one se ri es no 
cultivation was practiced after A ug ust 1, and in the third group of plots 
only horse cultivation was continued after that time because the matted 
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1. 
10 . 
28 . 
29 . 

7 . 

No. Grower 

6 .... . . .. . . . . . 

A VERAGE ......•. 

-, 

2 ....... . .... .. .... .. ......... .. . . 
5 ....... . ........ ...... . .. ... . 
9 ...... .... . . ... . .... .. 

27 .. .... ..... . .. .. ... ... . ...... . 
4 ..... ... .. . 
8 .. . .. . .. ... .. . . . .... . 

AVERAGE ..... . ..... •. .. . . .. ... .. . ... 

TABLE 9. 

C rates 
Per 

Acre 

103 
108 

87 
90 
80 
36 

84 

28 
44 
52 
82 
47 
60 

52.1 I 

Effect of the Number of Cultivations on Yields. 

C ultivations Soil Preparation 
Per Acre 

Land Fertilizer 
Value Cost 

Hoe Plow Man hrs. I Horse hrs. 

$6.'5 4 9 19 19 
$6 : 00 4 6 100 10 1.5 

3 7 100 23 24 . , ... ... .. 
3 6 100 1.'5 30 •••••••• o. 

4 .S 100 12 24 
3 6 40 30 30 .'5.60 

3 . 5 I 6 . .'5 I $84.171 19 . 8 1 23 . 7 1 $1 . 93 

4 4 $100 .5 12 
4 4 50 8 16 $9 :50' . 
3 .'5 2.'5 10 20 4.42 
2 5 100 29 12 13.00 
3 4 100 16 24 9.00 
2 4 35 30 30 4 . 00 

3 ·1 . 3 I 568 . 33 1 16 . 3 24 $6 . 65 

Records of Klondyke fields set 1929. 

Cultivation 

Pe, A"e I Date 
Last 

C ultivated 
Man hrs . I Horse hrs . 

150 48 10 / 1 
82 1.'5 8 / 14 
91 40 7 / 28 
81 24 8 / 20 

109 21 8 / 21 
62 14 7 / 14 

95 . 8 1 27 8/19 

80 20 ? 
131 17 8 / 17 
41 17 7 / 29 
84 20 9 

81 12 7irO 
46 14 6 / 14 

1 77 . 2 1 16 . 7 1 7 / 20 
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times. The other half was cultivated only four times and hoed five 
tim es . Probably the care which was g iven the second half was some­
what too good for the best test because the so il was so fr ee of weeds, 
and was in such good condition th at at no tim e did a ny part of the 
planting r eally suffer. At the time of the first harves t t here was very 
little difference in the total amount of labor which had been given the 
t wo areas. The differ ence amounted to onl y 20 man-hours and 5 horse­
hours per acre. There was an increased y ield, however , of 23 crates per 
acre in the part of the fi eld which had been given most care. 

The conditions in the second test we r e different. The weed problem 
made cultivation much more important. The more carefully cultivated 
a r ea was cultivated s ix tim es a nd hoed seven times. The other area 
,vas cultivated five times and hoed six t im es, w hi ch was more culti­
vation than is done by the average strawberry grower. Nevertheless, 
tillage was made expensive w hen it wa s neglected until the weeds were 
vlell es tabli shed. As a r esult, the part w hich was g iven fewer cul­
ti vations required 20 hours more man labor before the first harves t and 
only 4 hours fewer horse labor than did the area which was cultivated 
more times so that the work was done more effectiv ely. The influence 
of thi s neglect was evident in the y ields because there was a difference 
of 30 crates per acre in favor of the more inten sive cultivation. 

During th e course of thi s invest igat ion field t es t s have been con­
ducted to obtain m or e direct comparisons on the importance of cul­
tivation and it s influ ence on strawberry y ields. 

A t es t planting was made in 1933 t o ob ta in more accurate informa­
tion corresponding to the trial s pr eviously described. The test was 
performed in triplicate w ith four rows in each plot and a g uard row 
separating adjoining plots. Results of this test are presented in Table 
11. This test was conducted on a red dolomitic so il w hich was 0 f 
moderat e fertility, in reasonably good condition, but somewhat de­
fi cient in humu s. Previous care of the area had not cont roll ed the 
weeds as perfectly as is desirable for a strawberry planting. The re­
sult s corresponded close ly to those reported from the commercial trial s 
already described. T he difference in total labor is not so great as would 
be indica t ed by the number of cultivations because of the add itional 
work which was necessa ry after a period of neglect. That part of the 
planting w hich was g iven careless cultur e was not neglected more 
se riously than a large percentage of those of commercia l st rawberry 
g rowers . It was neglec t ed suffici ently, however, to permit definite 
competition w ith weeds and the result was a greatly reduced stand 
of plants and some injury to the plants when the weeds were cleaned 
out . Even the n eglect ed area produced 40 crates per acre ,vhich ' i\Tas 
a bove the yjeJeL n f m alLY.. .I;01lll1lercia L. .2To;::, r s_i o lLQw ' no: .. tl e. .. dnr. ;" mn :-. 

mer of 1933. The summary g iven in Table 11 shows a great increa e 
in cost per cra t e w hen neglect results in seriously reduced yields. The 
res ult s of these tests justify a strong statement t hat the timelines' 

' 0'< ~Z_~~ ~~~~~i _ ~. ;s,,,.. __ ~~ ~_~~"':~~~~,--,"~ ~j,~~~.)-..1~~~~,.-, J.»~. ~__ ~_y~~..abl 
y ields at a reasonable cost. 

DEPTH OF C U LTIVATION 

Observations throughout thi s study have indicated a wide variation 
in the methods of cultivation which are practiced by commercial grow­
ers . In most instances tools 'which stir the so il deeply are used even 
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TABLE 11. Relation of Thor01lg1nzcss of Cultivation to Yield al/d Labor Cost. 
-- ---_ .. _ - ----

Treatment 

Very Careful Culture ....... . ... . .. .... . . 

Careless Culture ... . .. . . . .. . . . . . ..... . . . 

No. C ultivations Total Labor Labor Cost Per Acre 

IVlan Horse Per No. Hoe Plow Hours Hours Total Crate Plants 

- ------- --- - ---- - - - - - ---

9 131 234 
72 $54 . 00 55 .9¢ 

5 6 200 48 44 . 80 81.1 2 
- - ---- - ----- --

Plots a re four rows (1 / 4.') acre) each . Aroma set 1933 . 
Labor-man hours 20¢. horse hours 10¢. 

2505 

1442 

Average 

Total P er cen t 
Plot BelolV 

Yield % Inch 

--------

Pounds 

77 . 3 2 . 69 

32.0 l. 01 

Summary 

Yield Per cent 
100 Below 

Plants % Inch 

---- - - --
Pounds 

3 . 08 3 . 4 

2 . 21 3 . 1 

Crates 
Acre 

----

96 . 62 

40.00 
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during comparatively dry seasons and on soils where surface cultiva­
tion i.s common with other farm crops. This observation raised the 
questIOn as to whether strawberry yields are improved by shallow or 
deep cultivation, and in order to obtain evidence on this point additional 
field tests were planned. 

The yield records from those tests show that there is comparatively 
little difference between the medium and deep cultivation and, that, 
except in one test, the yield was less with sha1low than with medium 
cultivation. 

The labor records in all of those tests show that there was no sig­
nificant difference in the labor required by the different methods. As 
a result of those tests it must be concluded that strawberries differ 
fron::- t;.1any farm crops in their cultural requirements: and that they are 
not 1l1Jured by cultivation of medium or considerable depth. During the 
season of 1932 a brief study was made of the distribution of straw­
~)en:y roots and it was fo und that they do not spread widely but are 
1l1cl1l1ed to turn down and penetrate the soil to a considerable depth. 
Such a root distribution is not disturbed by cultivation, and whenever 
the soil becomes hard it will be improved by deep stirring. Growers 
are, therefore, not unwise in their selection of tools with from two to 
~ve shovels which stir the soil to a considerable depth. However, good 
Judgment should be used in each planting and the depth of cultivation 
should be varied according to the conditions. 

C U LTIVATION AFTER THE FIRST CROP 

The problem of strawberry cultivation during the second season, after 
the first harvest, has been the subject of much discussion. Many grow­
ers who practice rather careful, intens ive cultivation during the first 
season believe that it is unprofitable to attempt any cultivation after 
the first crop. They simply allow their fields to remain without atten­
tiOl~ during the summer, and in early fall or before harvest the second 
spr1l1g they mow the large weeds and remove them to avoid inter­
ference with the picking. Such practices are common but have been 
g:enerally condemned by writers on this subject. Other growers prac­
tIce very haphazard methods of cultivation following the first harvest 
and never approach the t horough work of the first growing season. 
They may work the planting thoroughly after harvest by way of 
renovation and then give only scant additional attent ion, or they may 
not practice intensive renovation but cultivate occasionally during the 
second growing season. There are many growers, however, who be­
lieve that cultivation is as important during the second as during the 
first season and they practice intensive methods of renovation followed 
by thorough cultivation until fall. 

The influence of local and seasonal conditions makes it difficult to 
obtain reliable data on which to base an opinion concernilig the cul­
tural practices which are advisable during the second year. In Table 
12 a group of 15 records are listed in the order of their yields at the 
second harvest and the amount of labor following the first crop is 
presented. The effect of cultivation is shown fairly clear in this 
table. All of the field s where no cultivation was given fo1lowing the 
first crop ar e in the low-:producing group and only two fields where a 
considerable amount of cultivation was done are included in this group. 
One of the se, Record 69, w as a piece of foul land where the weed prob-

FACTORS INFLUENI 

TABLE 12. Effect of C1tlti~ 

Record No. 

65 .. . .. . .... . ... . ..... . ... .. ..... . 
66 .... . .. . ... .. . .. . . . . . ....... . .. . 
67 ........ . ............ .... ...... . 
55 .. . ....... . . . .... . .......... . .. . 

45 . . .............. . . . . ..... ... . .. . 
58 . ... . . : ...... . . ... .. .. ... .. . .. . . 
51 .... . . . .. . . . . . ...... .. . . . . . .. . . . 

*68 ... .... . .. .. . . ... .. . . . ...... . 

59 .... .... . .. . . . ........... .. . . . . . 
43 . . .. ..... . . . . .................. . 
69 .... . ........... . ... . . . .. . ..... . 
46 . . .. . . . .. .. . . . ............... . . . 
57 .... . ................. . .... ... . . 
47 . . ............................. . 
44 . .... . . . . ... . . . ...... . ..... . ... . 

Fields of Aroma set in 1932. 
*68 . . . .. .. .... . Estimated that mon 

more truly belongs i 
46 and 47 .... . .. No systematic reno, 

lem was very serious and cu 
had done serious injury. Re 
tion and yet are included in 
from fields where no systel 
occasional cultivation was 
arrange similar tables with 
cessful. There was so muc 
wide differences in yields t 
logical way. Considering th 
formation is available durin 
tainly some evidence that ( 
that the expense per crate 
extent as to reduce profits. 

To obtain direct comparis( 
this investigation to show 1 
year. The results of sever 
Several important observat 
of all it is clear that cultivat 
ber of plants which are a va 
the reduction depends upon 
growing season, and in som 
to reduce the total yield of 
every case there was a signi 
plants remaining after culti~ 
cept one there was a distinc 
minimum size for the U. S. 

The amount of labor wh 
usually required during the 
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TABLE 12. Effect of Cultivation After Harvest on Seco nd Year Yields. 

No. C ultivations Total Labor Per Acre 

Record No. 

65 ... ........... . .... . ............. . 
66 .... .. .. . ........................ . 
67 ... . .... . ... . .......... . ....... . . . 
55 .......... ... ................... . . 

45 . . ....... . . ............ . ....... . . . 
58 ...... : .. .. .... .............. . . .. . 
51 .... ............. . ..... . ... . ..... . 

*68 ... ..... .. . .. .. ..... . .. .......... . 

59 .... ... .. .......... . ........... . . . 
43 . . ..... ...... . ................... . 
69 ................................. . 
46 .... .. .................... . .. . . . . . 
57 . .. ... .. ....... .. . ........... . ... . 
47 ..... .. .. ......... . ............. . . 
44 . ..... . ..... . . .. ........ . ....... . 

Fields of Aroma set in 1932. 
*68 . . . . . . . .... . Estimated that more than 1 / 3 of fruit was lost in field as overripes and, therefore, 

more truly belongs iu higher group. 
46 and 47 ....... No systematic renovation. 

lem was very serious a nd cultivation was often delayed until the weeds 
had done serious injury. Record 46 and 47, which show som e cultiva­
tion and yet are included in the group producing very low yields, were 
from fields where no syst emati c renovation was practiced but whe re 
occasional cultivation was given during the season. An attempt to 
arrange similar tables w ith other groups of records proved less suc ­
cessful. There was so much variation in cultural practices a nd such 
wide differences in yields that it was difficult to group them in any 
logical way. Considering the entire group of 40 r ecords for w hich in­
formation is available during the second g rowing season there is cer­
tainly some evidence that cultivation do es produce larger yields but 
that the expense per crate may frequently be increased to such an 
extent as to reduce profits . 

To obtain direct comparisons, field tests have been conducted during 
this investigation to show the value of cultivation during the second 
year. The result s of several such tests are ' p resented in Table 13. 
Several important observations can be made from thi s table. First 
of all it is clear that cultivation after harves t greatly reduces the num­
ber of plants which are available for the second crop. The amount of 
the reduction depends upon the so il and wea ther conditions during the 
growing season, and in some cases the reduction may be so g r eat as 
to reduce the total y ield of fruit at the second harvest . However, in 
every case ther e was a significant increase in the yield per plant of the 
plants remaining after cultivation. Furthermore, in every instance ex­
cept one there was a distinct increase in the proportion of fruits above 
minimum size for the U. S. No.1 grade. 

The amount of labor which was used in these plots equalled that 
usually required during the first growin g season. The delayed renova-



TABLE 13. Effect of Cultivation F ollowing Harvest on S econd Season Yields. 

Total Labor Per Acre L abor Cost 

1\0. Treatment Plants 

Tes t 1 .. ... . .. . ..... . ..... . .. ....... ....... '" 

T est 2 ......... . ... . . .. ...... .. .. . 702 
Test 3 ....... _ ...... . . . ....... . .. . .. 
Test- 4 ............................. . 1944 
Test 5 ..... .. ... . . . ....... .... ...... 1694 
Tes t 6 .... 2420 

A VERAGE ... . ......... .. . ..... . 1712 .5 

Test 1 ...... . . ...... . ............... .......... 
Test 2 .......... . ........ ... .. 
Test 3 . .... . . .. ... . .. .... 

. .. " 978 
Test 4 ... . ... 1678 
T E-s t 5 .. . .. ... . : : : : : : : : .. . .... ..... . 789 
Test 6 ...... _ 1626 

A VERAGE ..... .. .. . ..... . 1268 

Te"' ..... . ... 1 

979 1 Test :i . . . . . . . .. . ... 579 
Test 6 ... . _ . . . . . . . .. 861 

AVERAGE ............................ 806 . 3 

All tests have 3-row plots except Test 5. 
*Applying fertilizer , mulch , pulling big weeds , etc . 

Plot P er cent Yielct C rates D ate of 
Yield Below P er 100 P er Renova-

Pounds %: Inch Plants Acre tion 

t 

~o Cultivation After Harvest 

11 . 15 11 . 8 . ... ..... . 18 . 6 · ......... 
12 . 74 17 . 4 ·.0.·.· '" 20 . 7 · , ....... , 

17 . 30 13 . 6 2. ]8 28.8 ...... . ... 
8 1 . 57 28.7 4 . 09 135 . 8 • 0 " .,. , •• 

27 . 10 1. 60 67 . 7 ... . .... .. 
36 . 25 8 .5 l.49 90 . 6 ... .. . ... . 

31 . 02 16 . 0 2 .34 60.4 . , . . ...... 

R enov ation Soon After H arves t with Later Cultivation 

21 . 55 8.9 . ..... ... . 35.9 7 / 3 
5 . 87 15 .3 19 . 8 6 / 17 

86.76 14 . 0 8.71 144.6 6 /22 
78.89 18 . 8 4 .52 126 . 4 6 /5 
28 .55 3 . 62 71.4 6 / 14 
10 . 24 .. · .. 4X · 3 . 70 150 . 6 6 / 14 

46.98 12 . 3 5. 14 89 . 8 6 / 17 

Renovation Delayed 

4 . 78 

1 
77 . 8 8 / 7 46 . 81 

1 .'::,1 31.59 5 . 44 79 . 0 8 / 18 
47 . 77 4 .40 119.4 8 / 8 

42 . 06 11.5 4 . 87 92 . 1 8 / 11 

I I 
Man- Horse- Acre C rate Hours Hours 

1l.0* .. .... .... $2 . 20 11 . 8 ¢ 
6 . 7* ., ... . . , .. l. 34 6 . 4¢ 

41 . 0* _ ••• "0 ••• 8.20 28 . 7 ¢ 
12 . 0* . .. . ...... 2 . 40 l. 8e 

.... ...... .... · :0(· 4 . 0 ..... . .. .. . 80 

14 . 9 . , . . ..... . $2 . 99 9 . 9¢ 

96 . 4 31.0 $22 . 38 62 . 3 ¢ 
154.7 50 . 7 36 . 01 $1 . 82 
144 . 2 63 . 2 35 . 16 24 . 2 ¢ 
15l.2 48 . 0 35 . 04 27.7¢ 
54 . 4 40 . 6 14 . 94 20 . 9 ¢ 

170 . 3 84 . 3 42 . 49 28.2 ¢ 

128 . 5 ,"i3 . 0 $31. 00 25 . 2¢ ** 

171 . 2 5.5 . 0 $39 . 74 51.1¢ 
66 .4 50 . 1 18 .29 23 . 0¢ 

123 . 0 53 . 0 29 . 90 25 . 0¢ 

120 . 2 52 . 7 $29 . 31 33 . 0 ¢ 

**Tests 1 and 2 omitted from the average. Dry season caused almost complete crop failure . 
I-Set 1930, Aroma 3-SE-t 1931 , K londyke 
2-Set 1930, Klondyke 4-Set 1932, Klondyke 

5-Set 1932 , Aroma (poor soil) 2-row plots 
6- Set 1932, Aroma 
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tion, which is frequently practiced by growers, did not result in labor 
saving because of the large amount of hand work required to put the 
field in reasonably good condition after the weeds had become well 
es tablished. From these results it seem s clear that under normal con­
ditions cultivation w ill increase definitely the amount of fruit which 
is produced at the second harvest when such cultivation does not 
se riously reduce the stand of plants and that the size of the fruit will 
be improved by such cultivation. However, these gains may not com­
pensate for the increased labor cost per crate. In Tests 1 and 2 in 
which rather intensive cultivation was given following the first crop 
unfavorable weather conditions reduced the yield to such a point that 
the cost per crate was excess ive and the work was definitely not profit­
able. The following note was made near the close of the growing 
season concerning the second test reported in this table: 

"The season of 1931 following renovation was excessively dry and practically 
no new plants were formed in plots where thorough renovation was practiced 
and no serious weeds or grass developed in the uncultivated plots." 

Intensive renovation of a strawberry field may be accomplished 111 

different ways. Many growers prefer the following plan: as soon as 
possible after harvest the plants are mowed and th e tops are raked 
from the field. The middles between the rows which have been packed 
by the pickers during harvest are cultivated in order to destroy weeds 
and to loosen the so il on the surface. A few days later the rows are 
barred off w ith the turning plow, leaving them from 8 to 12 inches 
wide and covering all plants and weeds between the rows. The narrow 
rows which remain are then hoed or chopped in such a way as to 
remove weeds and thin the strawberry plants. After this has been 
done the middles are cultivated carefully and dirt is thrown back to 
the row or slightly over the row in order to add fresh dirt about the 
crowns of the plants which remain. Frequently a turning plow is used 
so that the row is covered and then the dirt is leveled with a harrow 
until the strawberry plants begin to show. 

A less intensive method of renovation is recommended by many 
growers, especially in seasons when the soi l is not in good condition 
to work. By this plan the rows are not barred off but the middles are 
carefully cultivated with a double hovel or three-foot cultivator. The 
work is continued until the soil has been thoroughly pulverized and 
weeds or strawberry runners have been destroyed. Then the stra w­
berry row its elf is cleaned out by hand with a hoe. By this method 
the row is not reduced in width and the plants are not thinned so 
severely as they are by the more intensive plan. 

To obtain some evidence as to which method is the more desir­
able, tests were conducted during 1932 and 1933. The results of these 
tests, reported in Table 14, indicate that more plants are available for 
the second crop following the less int ens ive method of renovation, but 
that the increased yields per plant largely balance this so that the 
yield per acre is not greatly affected. The large amount of hand work 
required for cleaning out the row w ithout barring off makes the total 
labor cost as much or slightly more than when the more intensive 
practices are followed. The conclusion reached is that the m ethod of 
r enovation is of comparatively little importance so long as the work 



TABLE 14. Costs of Renovation Methods and Their Influence on Yields. 

Plot Per cent Yield Crates 
Per 100 Per No. Yields Below 

Acre Plants Pounds ~ Inch Plants 

Intensive Renovation with the Rows Barred-off 

Test 1 .. ........ . ....................... .. .. .. . 
Test 2 . ... . . .. ................... . . .... ..... .. . 
Test 3 . ... .. . . ... .... .. .... .. . ... .. . .. ........ . 
Test 4 .. .. . ... ...... .. ......... ... .......... . .. . 

AYERAGE ... . ........................... ..... . . 

978 
1524 

814 
1626 

1235 

86.76 
.5 7.98 
37.71 
60.24 

60 .67 

14.0 
19 . 9 

. .0 ... ...• 
4.3 

12 .7 

8.71 
3.80 
4 . 63 
3 . 70 

5.21 

144 . 6 
96.6 
9.5.4 

150 . 6 

121 . 8 

Less Intensive Renovation without Barring-off 

Test 1 .................. . ..... . ... .... . .. .. . ... 1031 91.99 14 .6 8.92 153 . 3 
Test 2 ..... .. .. ....... .. .... .. . . . .. ... .. ... ... 1904 63 . 42 24.2 3.33 105.7 
Test 3 .................................. . .... . 817 20 . 67 . .... ... . . 2.03 51.7 
Test 4 .. . ..... ' .................. . .... , ...... . . . 2335 60.62 5.7 2.59 151 . 6 

AVERA GE ...... . ......... .. .... . ............... 1522 59.17 14 . 8 4 . 22 115 . 6 

Labor charged 20¢ man hours and 10¢ horse hours. 
I -Renovation, 1932, Klondyke. 3-Renovation 1933, Aroma (poor soil). 
2-Renovation, 1933, Klondyke. 4-Renovation 1933 , Aroma (good soil) . 

Renovation Labor 
Per Acre 

I 

l-.1an- Horse-
Hours Hours 

41.1 20 . 1 
42 . 0 37 . 2 
25.3 27.5 
39.0 34.2 

36.8 29.0 

35 . 5 7 . 5 
39.0 27.6 
30.7 15.2 
39.5 26.7 

36.2 10.3 

Labor Cost 

Acre 

$10.29 
12.12 

7 .81 
11. 22 

$10.36 

$7 . 8,5 
10 .56 
7.66 

10 . 57 

$9.16 

I 

Crate 

7.1 
12.5 
8.2 
7 .5 

8 . 8¢ 

5.1¢ 
10 . 0¢ 
14 .5¢ 

6 .9¢ 

9,1¢ 

TABLE 15. Effect of FerWizer Application on Yields and Returns. Fields of Klond}' l~e Set 1929. 

~o. Grower 

·2 . •.•........•.. . .. .. ... . ... . . 
3 ......... . .. . .... .. .. . ... .. . . 
.S •••••..•.. . ..•........ ... ..•. 
6 . ... . . . .... ....... . .. . 
7 ........ , .. , ....... '., 

AV1T'n"r.~ 

Crates 

90 
80 
87 

103 
28 

77 R 

Fertilizer/ Land 
Cost Value 

Soil Preparation 
Hours Per Acre 

Man Horse 

Cultivation 
Hours Per Acre Date 

Last 
No. Cultivations 

-------1 Cultiva- I--------I 
tion 

Man Horse Hoe Plow 

Total 
Costs 

Net 
Returns Profits 

1----1----1----1----1----1----'----,----,----,----._--_, ___ _ 

$100 
100 
100 

6.5 
100 

15 
12 
33 
19 

5 

30 
24 
24 
19 
12 

81 24 
109 21 

91 40 
1.'50 48 

80 20 

8 / 20 3 6 $3.; . 79 1$141. 30 10105.51 8 / 21 4 5 51. 8,5 8,5 . 65 33 . 80 
7 / 28 3 7 40 . .';4 108.21 67 . 67 

10 / 1 4 9 .'54,4.'5 16.'5 . 43 110 ,98 
l' 4 4 29.46 49 .61 20 . 15 

1----1----'----,----,----,----,----,----,---- ._---,---_. ___ _ 
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TABLE 15. Effect of Fertilizer Application on Yields and Ret1wns. Fields of Klondylze Set 1929. 

Xo. Grower 

1:· •• :::: •••• ·• •• • •.• ••••• ••• ·1 

AVERAGE ••• •. ••. • . .•. . . ... • ... 

] 1 . ... . .... . . . .. . . .. .. ... . .. . . . 
12 .. . . ..... . .. . .. . . .. . . . ... . . . . 
10 .... ....... . . ... .. .. . . .. ... .. 

1 ... . .... . .. . .... . . . . .. .. . .... 
S . . .... ..... . . . . . . .. . . . ...... . 
n ... ....... . ... . . . . . ...... .. . . 
4 . . . .. .... . . .... . ... . . . . . . .. . . 

.. \VERAGE .•. •. ..... . . .. . ....•• . 

Crates I Fertilizer 
Cost 

---

90 

1 

80 ...... . . 
87 

103 
28 

Land 
Value 

---
$100 

100 
100 

6.'> 
100 

Soil Preparation 
Hours Per Acre 

Man I Horse 

- -----

15 30 
12 24 
33 24 
10 19 
5 12 

Cultivation 
Hours Per Acre Date 

Last 
--- ----1 Cultiva- 1 

tion 
Man I Horse 

--- --- ---

81 24 8 / 20 
109 21 8 / 21 

91 40 7 / 28 
1.50 48 10 / 1 

80 20 ? 

No. Cultivations 

Hoe I Plow 

------

3 6 
4 .5 
3 7 
4 9 
4 4 

Total 
Costs 

- --

$3.'1 .79 
51.8.'5 
40 .. 'i4 
54.4!'i 
29 .46 

Net 
Returns 

---
:3141. 30 

8.'i . 65 
108.21 
16.'i . 43 
49 . 61 

Profits 

- - -

$10.') .51 
33.80 
67 . 67 

110 .98 
20 . 15 

,--- - ,----,----,--- -,--- -,--- - ,----,----,----,--- - ,--- -,--- -

77 . 61 ........ 1 $93 16 . 8 21.8 102 .2 30.61 8 / 26 3.6 6 .21 842 .42 ISll0 .04 867 . 62 

,--- - ,---- ,- --- ,----,--- - ,---- ,----,----,----,--- -,-- --,--- -

60 $4 . 00 $3!'i 30 30 46 14 6 / 14 2 4 $38 .44 3106 .20 $67.76 
52 4 .42 25 10 20 41 17 7 / 29 3 .5 21.27 101 .01 79 . 74 
36 .5. 60 40 30 30 62 14 7 / 11 3 6 37 .29 .59 .32 22 .03 

108 6 .00 100 10 1.5 82 1.5 8 / 14 4 6 34 .34 220 .27 185 .93 
47 9 .00 100 16 24 81 12 7 / 10 3 4 49 .71 44 .01 - 5 .70 
44 9 . . 50 .'50 8 16 131 17 8 / 17 4 4 41 .22 55.30 14 . 08 
82 13 . 00 100 29 42 84 20 ? 2 5 44.95 180 . 80 135 . 85 

61.3 1~1 $64 . 281--1-g-I~I~I~I~I--3-1--4-.9 1 $38 . 171$109 . 56 1 $71.38 
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is thoroughly done and therefore the m ethod should be adjusted ac­
cording to the so il conditions and the stand of plants. 

FERTILIZATION 

A mong the 69 field records which "\ve re included ill thi s investiga ­
tion 49 included a charge for fertilizer during the first year and 15 of 
the 40 records for the seco nd crop included a charge for that item. 
Fertilizer averaged 45 per cent of the total cash expense and 11.2 per 
cent of total production cost durin g the two yea r s. Some of th e most 
successful growers consider the strawberry to be a crop which does 
not require liberal fertilization while other s believe in the application 
of comparatively large quantities of fertilizers . 

When th e r ecords are classified according to the application of fer­
tilizer, as is done for a group of 12 plots in Table 15, it appears that 
thi s factor is of secondary importance in the production of high yields. 
Only one unfertili zed field of those li st ed failed to produce a high y ield, 
and only t wo fields which wer e fertilized produced a yield above the 
average. This distribution of r ecords gives additional emphasi s to the 
importance of cultivation which ha s been previously discussed. From 
these, representative of others that might be included, it appears that 
the fertilization practices now followed by commercial strawberry 
g rowers are not g iving consistent result s ; consequently a seri es of field 
tests were conducted to obtain additional information on this phase of 
st ra wberry prod uction. 

NITROGEN ApPLICATIONS 

General observations and a study of the production records indicated 
clearly that nitrogen was cons id er ed t he most important fer tili zing 
material by commercial strawberry growers. First attention, there­
fore, was g iven to the inves tigat ion of result s which may be obtained 
from applications of nitrate of soda . In Table 16 the effect of applica·­
tions at sett ing and during the first growing sea son are presented from 
fo ur different t ests. All of these tests wer e run in triplicate and the 
averages of each trial are presented in the table. Test 1 was conducted 
on a comparatively poor soil which had been out of cultivation for two 
or three years. The yields from individual plots in this trial were less 
consistent than would be expected, and the value of nitrate of soda 
was not clearly indicated. Trial 2 was conducted with the Premier 
variety on the farm of a commercial grower. The conditions for thi s 
tes t appeared to be unu sually favorable; there were no apparent varia ­
tions in the soil, and all plots sta rted to grow uniformly. Observations 
during the growing season did not show a ny marked difference ill the 
vigor of plants or in the color of foliage accor'ding to th e fertilizer 
treatments. In this test, as in Trial 1, th er e was as much variation 
among plots w ith the same application as betwee n different treat­
ments, and there was no consist ent evidence that applications of nitrate 
of soda were eff ective. Trial 3 was conducted on a moderately good 
soil and Trial 4 on poor land a few miles di stant. The area for both of 
th ese t es t s appeared relatively uniform and a good stand of plants 
was obtained at sett ing in both test s. 

No difference in plant v igor or fol iage, either color or size, could be 
observed during the growing season or in the spring befo re harvest. 
The detailed y ield r ecords for T est 4 are somewhat more consist ent 
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TABLE 16. Effect of Nitrate of Soda Applications on a N e'W Planting During the Growing Season. 

Treatment 

Test 1 

Runners 
7 / 15 

Plot 
Yield 

Test 2 

Runners 
7 / 16 

Plot 
Yield 

Test 3 

Runners 
7 / 11 

Plot 
Yield 

Runners 
7 / 28 

Test 4 

Plot 
Yield 

Yield 
100 

Plants 

Runners 
by Late 

July 

Average 

Plot 
Yield 

Crates 
Per 

Acre 

------- -------1- --'- --,---,--- ,---,--- ,---,---,--- ,--- ,--- ,---

150 lb . Nitrate at Setting ....... 247 74 . 04 187 105 . 61 490 97 . 63 5 . 50 308 92 . 43 154 . 1 

75 lb . Nitrate :ct Setting and in June . 260 78 . 11 203 109 . 80 270 69 . 28 565 105 . -1.3 4 . 95 324 98.88 164 . 8 

50 lb. Setting, 50 lb. June, .'50 lb . Sept . 251 72.23 231 104.66 297 83.43 471 106 . 23 5 . 74 312 99 . 96 166 . 6 

:!'<o :--Jitrate .. . . .. ...... 229 76 . 74 182 106.26 293 80 . 07 361 80 . 34 5.64 266 93 . 66 156 . 1 

75 lb . June, 75 lb . Sept . ..... 236 70 . 01 201 106.86 265 70 . 57 419 85 . 20 5. 16 280 90 . 72 151.2 

150 lb. :--Jitrate Sept ... . ... 223 64 . 15 210 98 . 56 463 85 . 90 4 . 05 290 82 . 87 138.12 

1. Aroma .................. .. .. . .... . .. . ..... 3-row plots-first crop 1931. 
2. Premier . . ................ .. ....... . ... . . . . 3 -row plots-first crop 1931. 
3 . Aroma........ . ......... . . . . . .. . . .. ... . . 2-row plots-first crop 1931. 
4 . Aroma . ....... . .... . .... .. .. . ......... . . . . Poor soil- 3-row plots-first crop 1933. 
Crates per acre are baseo. on Tests 1, 2, and 4, inclusive . 
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than for either of the others and apparently the value of nitrate is 
indicated. In this test the number of plants was counted before har ­
vest so that the yield per 100 plants could be calculated. These counts 
indicate that the advantage resulted from the production of more 
plants rather than an increase in production per plant. During July 
the number of runners which had been produced before that time was 
counted. These counts indicate that the number of plants may be some­
what incr eased by the application of nitrate of soda during the first 
year but that the increase is not suffici ent under most conditions to 
result in a significant increase in yield per acre. 

In Table 17 six trials are presented showing the results of applica­
tions about the time growth was start ing in early March. These trials 
represent a wide variety of conditions such as is found among straw­
berry fields. A ll trials were conducted in triplicate and the detailed 
yield records show cons iderably more consistency than was reported 
for the applications during the first summer. Field observations fol­
lowing th ese applications did not reveal increased plant growth except 
in Trial 4 where a darker g reen color and poss ibly increased vigor 
was observed. 

In Trials 2 and 5 an application of 300 pounds of nitra·t e of soda was 
included. In Trial 2 this increased application produced an average 
yield of 16.84 pounds and in Trial 5, 21.44 pounds per row. These yields 
are practically the same as tho se produced by applications of 150 pounds 
per acre and in both cases are le ss than those produced w here no 
spring application was made. 

TABLE 17. Effect of Spring Application of Nitrate of Soda on Yield. 

Trial I- Plot Yield . 

Trial 2- Row yield .... .. . .. . . . ... . .. . . . .. .... ............ . 

Trial 3- Row Yield ........ . ................... . . . .. .. .... . 
Per cen t below %: inch ... .. .. . ... .. . . ............ . . 

Trial4- Row yield . . . ................................... . 
Yield 100 Plants ............ . .. . ........... . ..... . 

Trial5- Row yield . . ............... . .. . .. ... . . . . . . 
Yield 100 Plants ...... . ..................... . .... . 
Per cent below %: inch . ....... . .... .. . ............ . 

Trial 6- Row Yield ...... . ... . ... . . .. .... . . .. . ... . ... ... .. . 
Yield 100 Plants .. . ...... . ........ . ... .. .. . .. . ... . 
Per cent below %: inch .. . ..... . ......... . . . . . .. . ... . 

AVERAGE-
Row yi eld ...................................... . 
Yield 100 Plants ......................... . ....... . 
Per cent below %: inch .... . . . ................ . 
Crates per Acre ....... ' ........................... . 

1- 1932, Premier ......... 2nd crop . 
2- 1932, Aroma . . .. . . . .. . 2nd crop. 
3- 1932, Aroma . . .... . ... 2nd crop. 
4- 1934, Aroma ...... . .. . 2nd crop, poor soil. 
5- 1933, Aroma .......... 3rd crop. 
6- 1935, Aroma . ... . .... . 2nd crop. 
Average row yields in ( ) ha,sed on Tests 2 , 3, awl 5 only. 

No Nitrogen 

118 . 16 

18 . 64 

7 . 84 
25 . 6 

14.07 
3.28 

22 . 34 
7 . 67 
7 . 4 

22.4.'5 
6 . 29 
2 . 14 

33 . 91 (16 . 27) 
6 . 98 

18 . 1 
169 . 6 

March 1 
150 lb. Nitrate 

of Soda 

124 . 78 

16 . 38 

7 . . 51 
26 . 5 

16 . 70 
3 . 68 

21.41 
6 . R8 
6 . 9 

22 . 14 
5 . 41 
2 . 75 

34 . 82 (15.10) 
6 . 14 

20.3 
174.1 

FACTORS INFLUENC 

TABLE 18. Effect of Time of : 

Trial I - Plot Yield ........ . 

Trial 2- Plot Yield ............. . 

Trial 3- Yield 100 Plants . ....... . 
Plot YiE,ld . . ....... . ... . 

Trial 4- Plot Yield . . ... .. . . . 

Trial 5- Plot Yield . .. ..... . ....... . 
Per cent below %: inch ... . .. . . . 

Trial 6- Row Yield .. .. .. . ...... . .. . 
Per cent below %: inch .. . '" . 

Average 1 st Crop 
Plot Yield .. .... ....... ..... . 
Crates per Acre .. . .. . .. .. . ... . 

A verago 2nd C rop 
Row yield . . ........ ... . . ... . 
Yield below %' inch ........ . . . 
Grates per Acre . .. . . .. . ...... . 

Fina,l Average 
Crates per Acre ..... . 

1- 1931, Premier, 1st crop. 
2-H)~l, Aroma, 1st crop . 
3- 1933, Aroma, (poor soil ) 1s t crop. 
A verage yield for 2nd crop is given on I 

The effect of nitrate of So( 
by varying the time of appli 
18. In Trial 3 which was COl 

spring applications appeared 
noticeable increase in plant 
ducted on good land did not ~ 
of harvest it was not possibl 
had been applied. There is 
applications of nitrate of 0 

favorable results than imil. 
1933 an application was mad 
ing of Aroma. The result' of 
old plantings are more likel 
are young plantings. No apl 
plication of this material a 
three smaller applications. 
tests is that spring applicat i; 
duce significant increases in 

The problem of obtaining 
is difficult to solve, and the p 
in order to increase them is 
tivation following the first he 
cultivation make applicati on 
summer or in the spring bef 
mine the value of applicati( 
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TABLE 18. En-ee t of Time of S pr'ing Application of N itrate of Soda on Yield. 

Trial I - Plot Yield ........ . 

Trial 2- Plot Yield ...... . . . 

Trial 3- Yield 100 Plants ............. . . 
Plot Yitld ........ . 

Trial 4- Plot Yield . ..... . . .. . .. .. . . . . . 

Trial 5- Plot Yield ...... . ........ .. .. . 
Per cent below % inch ......... . 

Trial 6- Row Yi eld .......... . 
Per cent below % inch . 

Average ]st C rop 
Plot Y ield .......... . 
Crates per Acre .. . ... . 

Average 2nd Crop 
Row yield ........... .. ...... . 
Yielci below % inch .......... . 
Crates per Acre . .. .. . ..... ... . 

Final Average 
Crates per Acre ..... 

1.50 lb . 
Nitra te 
of Soda 
Feb. 1 

98 . 50 

70 . 8!:J 

4 . 7R 
72 . 23 

114 . 78 

10 .44 
9 . 9 

] 1.56 
18 . 7 

80 .54 
134 .4 

1!:J . . ,)4 
]4 . 3 
!:J7 . 7 

116 . 0 

75 lb . 
Nitrate No 
Feb . 1, Nitrogen 
Mar. 1 

8!:J . 63 

72 . 83 

,') . 06 
70 . 96 

101 . 83 

12 . 24 
7 . 7 

11 . 52 
19 . 6 

77 . 81 
129 . 7 

]7 . 94 
B . 6 
8!:J . 7 

109 . 7 

106 . 26 

76 . 74 

5 . 64 
80 . 31 

106 . !:J8 

] 2 . 00 
7 . 5 

13 . 28 
14.!:J 

87 . 78 
146 . 3 

]8 . 89 
11 . 2 
91 . 1 

]20 . 2 

1- 1931, Premier, 1s t crop. 4- 1932, Premier, 2nd ClOp. 
2- ]931, Aroma, 1st crop. .')- 1932 , Aroma, 2nd crop. 
3- 1933 , Aroma (poor soil) ]st crop . (j - ] 933, Aroma (s ingle rows) . 
Average yield for 2nd crop is given on basis of s ingle row. 

50 lb . 
Nitrate 
Feb . 1, 
Mar. 1 

and 
M ay 1 

79 . 76 

74 . 74 

.5 . 26 
77 . 96 

103 . 81 

13 .52 
8 .7 

]3 . 26 
17 . 0 

77 . 4!:J 
129 . 2 

18 . 6.5 
12 . 8 
93 . 1 

111.1 

50 lb. 
Nitrate 
Mar.1, 
Apr. 1 

and 
May 1 

90 . 31 

76 . 16 

5 . 50 
105.36 

117 . 70 

12 , .5.') 
10 . 02 

8 . 91 
20 . 7 

90 . 61 
151 . 0 

]9.88 
15.3 
99.4 

125 . 2 

The effect of nitrate of soda in the spring before harvest was tested 
by varying the time of application; the re ult s are presented in Table 
18. In Trial 3 which was conducted on very poor land the influence of 
spring applications appeared in the darker green of the leaves and a 
noticeabl e increase in plant vigor. Trial 6, however, which was con­
ducted on good land did not show such a response, and at the beginning 
of harvest it was not possible to pick out those rows to which nitrate 
had been applied. There is a sl ight indication in these results that 
applications of nitrate of soda before the second crop produce more 
favorable results than similar applications before the fir st crop. In 
1933 an application was made preceding the third harvest on a plant­
ing of Aroma. The result of this test strengthens the suggest ion that 
old plantings are more likely to profit from spring applications than 
are young plantings. No appreciable difference resulted from the ap­
plication of this material as a single treatment or divid ed into two or 
three smaller applications. 'I'he only pos ible conclusion from these 
tests is that spring applications of nitrate of soda have failed to pro ­
duce significant increases in yield. 

The problem of obtaining sat isfactory yields from the second crop 
is difficult to solve, and the practice of applying fertilizers after harvest 
in order to increase them is general among growers w ho practice cul­
tivation following the first harvest. Some growers who do not practice 
cultivation make applications of -fertilizers either during the second 
summer or in the spr ing before the second crop. Five trials to deter­
mine the valu e of applications of nitrate of soda after harvest arc 
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pre ented in Table 19. In every case except Trial 5, which was seriously 
injured by a very dry growing season following the 1933 harvest, the 
effect of nitrate of soda applied at the time of renovation is indicated 
distinctly. The exceedingly dry summer followin o· the 1931 crop almost 
caused the fai lur e in the plots of Trial 2, but despite these conditions 
the influence of nitrogen can be seen. The so il was in reasonably good 
condition for cultivat ion at the time renovation wa done and the ap­
plication was made but there ,vas very little rain following that dat e 
and plant grmvth was very much suppressed. The conditi ons for reno­
vat ion in Trial 5 were very much less satisfactory. There had been no 
rain during harvest and the soil was very hard and dry when renovation 
v,'as attempted. There were rains during late fall, however, which 
stimulated plant growth and resulted in reasonable y ields. The differ­
ent soil conditions at the time of renovation and fertilization probably 
explain the response in Trial 2 and the lack of re pon e in Trial 5. 
The influence of nitrate applied in September is less mark eel than that 
of application made at renovation. 

During thi s inve tigation an attempt was made to compare applica­
tions of sulphate of ammon ia with nitrate of oda. In three of the 
four tests slight ly lower yields resulted from the use of sulphate of 
ammonia, but the difference was not significant. Cottonseed meal as 
a source of nitrogen was .11sed on two occasions during this experi­
mental work, but in neither case did yields vary appreciably from those 
where nitrate of oda was applied. 

Observations have been made repeatedly duril1 o- these inv estigations 
concerning the effect of nitrogen applications on the carrying quality 
of st ra,vberries . All of these observat ions indicate that applications 
of nitrogen during the spring tend to cause somewhat .ofter fruit 
during seasons of abundant rainfall. On June 8, 1932, e ight boxes 0 f 
Aroma berries were taken at random from each serie s of plots where 
spring applications of nitrogen were being compared. These were 
placed in a standard crate and sent approximately 200 miles by exp ress 
w ithout refrio-eration. They arrived and were examined late in the 
afternoon of the following day. The boxes in the amI Ie from plots 
where 300 pounds of nitrate of soda had been applied were entirciy 
unsalable. Tho e from plots where no pring nitrogen had been applied 
were in fair condition and v,[ould be considered reasonably salable . The 
sample from plots receiving 150 pounds of nitrate of soda were inter­
mediate in conditi on. Co unt s were made to determine the percentage 
of berries w hi ch were soft and it was found that 65 per cent were 
soft w here 300 pounds of nitrate had been appl ied, 40 per cent in the 
sample from the rows receiving 150 pounds, and 14 per cent from the 
plots where no nitrogen had been u ed. It was observed, however, that 
the berries were of smaller size in the sample from the nitrogen-free 
plots and that in all cases the larger fruit s were softest. A similar 
sh ipment of Premier strawberr ies was made from plots comparing 
applications of nitrate of soda and sulphate of ammonia. This ship­
ment arr ived w ith equal promptness and was examined imm ediately. 
The first observation indicated that Premier did not stand shipment 
as ,yell as did the Aroma. A ll samples in this shipment appeared unsal­
able because of the crushed and jnjured fruit s. Counts were made, 
nevertheless, and 31 per cent of th e fru it s were suffici ently firm to 
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hold their shape and be salable in the sample from plots where no 
nitrogen had been applied, 21 per cent from the plots where nitrate of 
soda had been applied, and 24 per cent from the sulphate plots . There 
seems to be clear evidence that nitrate of soda when it is applied in 
the spring before harvest tends to increase the possibility of damage 
during shipment. 

NON-NITROGENOUS FERTILIZERS 

Because of the rather unsatisfactory evidence obtained from the 
study on nitrate of soda as a fertilizing material for strawberries and 
the evidence wh ich has been presented previously that soils suitable 
for strawberry growing sho uld have a reasonable amount of available 
phosphoric acid, trials were planned during the seasons of 1934, '35, 
and' 36 to determine the value of other forms of commercial fertilizer. 
The influence of applications of phosphoric acid and potash is presented 
in Table 20. Seven different trials are reported in this table but only 
two, Trials 1 and 4, were on distinctly poor so ils and Trials 2 and 6 
were on soils considerably better than the average. It will be observed 

TABLE 20. EjJcct of J7ertili:::ation at Sett ing OIL Yields . 

Trial I - Row yield ..... .. . . ... . . . .. . ......... .. . . 
Per cent below % inch ...... .. .. . ..... . . . . 
Yield 100 Plants . . ... . .... . . ... ........ . 

Trial 2- Row yield ... . .. . ... . ...... . . . . ....... . 
Per cent below % inch .. . .. . ... ... . 
Yield 100 Plants . . ..... . . . ... . . . . 

Trial 3- Row yield ........ . ' . .. .. . . . . . 
Per cent below % inch . .. . .. .. . 
Yield 100 Plants ....... . ..... . ... . .... . . 

Trial 4- Row yield ...... .. ... . ....... .. . .. ... . .. . 
Per cent below % inch . .... .... . ....... . . . 
Yield 100 Plants . . .. . . ... ... . ..... . . 

Trial 5- Row yield . .. .. ...... . .. ... ... .. . .... ... . 
Per cent below % inch ........ . ... .. ..... . 
Yield 100 Plants . ., . . . .... .... . 

Trial 6- Row Yield ..... . ........ . . . .... . . . .... .. . 
Per cent below % inch ..... .. .. . .. . ...... . 
Yield 100 Plants . . . . . ........ . ......... . 

Trial 7- Row yield ... . . . . . ... .. .. ... ....... .. . .. . 
Per cent below % inch . ... . . . ..... .. . .... . 
Yield 100 Plants . . . .. ... . . . .......... . . . 

AVERAGE-
Row yield . . . .. ... . ..... . .. . . ........... . 
Por cent below % inch .. . . . . . .. . ... . ..... . 
Yield 100 Plants . . .... .. ..... .... .. . . . . . . 
Crates per Acre .. . . . .. . 

16 % 
Super­

phosphate 
400 lb . 

Pounds 

9 . 35 

3 . 96 

12 .51 
3.7 
3 . 47 

21. 8D 
20 . 1 

4 . 76 

3D . 01 
2 . 2 
4 . 03 

34.41 
J7 . 7 

3 . 80 

26.84 
2.9 
2 . 85 

.'5 . 92 
19 . 2 

. 45 

21 . 42 
]0.9 
3.33 

107 . 1 

Muriate 
of 

Potash 
100 lb . 

Pounds 

10.48 

4 . 14 

14 . 35 
3 . 4 
2 . 98 

25 .. 56 
19 . ;') 

4 .53 

34 . 8.5 
2 . 8 
4 . 17 

25.95 
15.2 

3 . 82 

23.20 
2 . 7 
3 . 65 

.'5 . 09 
17 . 4 

. 35 

19 . 92 
10 . 1 

3 . 78 
99 . 6 

16% 
Super­

phosphate 
400 lb . 

Muriate 
ot 

Potash 
100 lb . 

Pounds 

11 . 26 

3 . 86 

11 . 82 
2.6 
2 . 78 

28 . 02 
19 . 4 
3.58 

40 . 38 
2.3 
3 . 85 

23 . 19 
14.9 

4 . 2.'5 

23.39 
2 . 9 
3 . 81 

.'5.42 
19 . 9 

. 45 

20 . 50 
10 . 3 

3 . 23 
102 . 5 

All yields a,re for the first crop . 
I - Set 1933, Aroma, poor soil. 
2- Set 1933 , Aroma. 
3-Set 1934, Blakemore. 

.'i- Set 1934 , Klondyke . 
6- Set ] 934, Aroma. 
7- Set 1935 , Aroma, good soil (la,te freeze) 

4- Set 1931!, Aroma, sandy soil. 

No 
Fertilizer 

Pounds 

8 . .'58 

4.47 

16 . 06 
3 . .'5 
3 . 30 

22.84 
17.7 

.'5 . 56 

37 . 32 
2.6 
4 . fj6 

27 . 21 
17 .8 

4 . 33 

19.49 
3.4 
3.71 

6 . 26 
21. 9 

. 51 

19 . 68 
11. 1 

3 . 79 
98.4 
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TABLE 21. Effect of Fertilization at Renovation on Yields. 

Trial 1 (1) Trial 2 

Treatment 
Row Per cent Yield Row Per cent 

Below 100 Below Yield %: Inch Plants Yield %: Inch 

- ---------------
Pounds Pounds Pounds 

P20s-450 lb . . . . .. . . .. .. ....... 30 . 51 2 . 17 5.40 36 . 45 3 . 62 

K 20-100 lb ..... . . .. .. . .. . .. .. 25 . 43 2 . 33 4.96 36 . 88 3 . 92 

P20s-450 lb. ; K 20 - 100 lb . .. ... 25 . 40 2 . 22 5 .70 39.21 3 . 24 

No Fertilizer . .... .. . . ........ . . 32 . 83 2 . 54 5 . 17 35 . 12 3 . 42 

P 20 s-450 lb. ; K 20 - 100 lb .; 
Nitrate 100 lb ............ . ... 33 . 48 1. 74 5 . 09 35 . 70 2 . 99 

Nitrate- l00 lb . .. . .. .......... 35 . 63 3 . 08 5 . 23 42 . 09 2 . 93 
--- ----

(1 ) Application to single rows repeated 4 times with 12 no fertili zer rows. 
(2) Application to single rows repeated 6 times with 18 no fertilizer rows . 
1-193b, Aroma ................. 2nd crop. 
2-1935, Aroma ... .. . . . . . ..... . . 3rd crop . 
3- 1935, Klondyke . ... .. . . .. ..... 3rd crop. 

Yield 
100 

Plants 

----
Pounds 

3 . 29 

3 . 36 

3 . 00 

3 . 01 

3 . 15 

3.12 

(2) Trial 3 

Row Percent Yield 
Below 100 Yield %: Inch Plant:! 

---- --------
Pounds Pounds 

40.46 19.8 4 . 92 

40 . 16 18 . 1 4 . 46 

39 . 08 19 . 3 4 . 67 

40 . 17 20.8 4 . 52 

46 . 34 17 . 7 5 . 19 

45 . 44 16 . 1 4 . 99 

Average 

Row Per cent Yield 
Below 100 Yield %: Inch Plants 

------------
Pounds Pounds 

35 . 81 8 .53 4. . 54 

34 . 16 6.03 4 . 26 

34 . 56 6 . 43 4 . 46 

36 . 04 6 . 93 4 . 23 

38 .5 1 5 . 90 4 .48 

41.05 7 . 37 4 .45 

Crates 
Per 

Acre 

----

179 . 1 

170 . 8 

172 . 8 

180 . 2 

192 . 6 

205.3 

"rj 

>­
() 
~ 
o 
~ 
Cfl 

Z 
"rj 
r 
C 
tIJ 
Z 
cr 
Z 
G) 

Cfl 
f-3 
~ 
>­
~ 
tJj 

tIJ 
~ 
;:::I 
~ 

'1j 

~ 
o 
u c 
() 

f-3 
>-< 
o 
z 

CJl 
W 

~ 



MICHIGAN TECHNICAL BULLETIN 162 

from this table that in three of the seven trials applications of potash 
increased y ields and in four o f the seven trial s applications of phos­
phoric acid increased y ields. 

In 1936 a plant ing w hich included . several varieties \vas available. 
Three rows of each var iet y in this planting wer e given applications 
of phosphor ic ac id and potash , and three alt ernate rows we r e not. These 
t es t s \vere on a soil much above the average in fertility and in no case 
did the appl ications of these materials produce a significa nt increase 
in y ield. As a p hase of this invest igation, applications of phosphoric 
acid and potash were made in the row under the bed at the time of 
sett ing and also, in a furrow at the side of the plant imm ediat ely after 
se tting. Thi s \vas done in orde r to determine whether the placing of 
the material wo uld have a sig nifi cant effect upon the results. A ll 
applications in Trial 7 r eported in Table 20 we r e duplicated in thi s way 
but in no case was t here a s ig nificant difference in y ield s, according 
to the method of placing the fe rtili zer. The increased y ields which fol ­
low application s of these m a t eria ls on poor so ils seem t o be due partly 
to the increased number of plants w hi ch a r e produced a nd partly to a 
higher yield per p lant. The abnormally low yields reported in Trial 7 
were due to a late spr ing frost which destroyed the fi r st bloom and 
greatly red uced the total y ield . 

Applications similar to those r eported in Table 20 w er e repeated 

TABLE 22. Eg-eet of Spri /l g Potash A pplicatio/ls on Yields (in Pou/lds) . 

Trial I - P Gr cent below Xt inch ........... . ................ . 
Yield 100 Plants. . . . . . . . ......... . 
Row yield ..... . . . ..... .... ......... . 

Trial 2- ]-' er cent b elow ;l-;( i ndl . 
Row yi eld . ......... . 

Trial3- Yield 100 Plallts ......... . .. . .... .. .............. . 
Row yield ..... 

Trial 4- Per cent helow % inch .. .. .... . . 
How yield ..... . ..... . .. . 

Trial .'i--Per cent helow % inch ... .. . 
Yield 100 P lants .. . ..................... . ... . . . .. . 
How yield . .. ............ .. ...... . .... ... ...... · .. 

Trial 6- P er cent h elow %: inch ...... .. ... . ... . ............ . 
Row yield .. ..................................... . 

Trial 7- Yielc1 100 Plants . ................................ . 
How yield ............ . ......... . ............... . . 

AV ER AGE-
Per cent below % inches .................. . 
Yield 100 Plants ...... . ....... . .. ..... .... .... . .. . 
How yield ......................... .. ......... .. . . 
Crates per A cre ....... . . . . .... . ................. . . 

1- 1933, Triplicate, Blakemore, 1st crop. 
2- 193:3 , Triplicate, McC lintock, 1st crop . 
3- 1933, Triplicate, Aroma, 1st crop. poor soil. 
4- 1934, Triplicate, McClintock, 2nc1 crop. 
5- 1934, (5 replications) Aroma, 2nc1 crop. 
6- 1934, (.'5 replications) Blakemore, 2nd crop . 
7- 1934, (10 replications , poor soil ) Aroma, 2nd c rop . 

No Potash 

19 .8 
7 . 87 

71. 64 

11 . 2 
30 . 73 

3 . 54 
26 . 30 

11. 1 
17.42 

5 . 8 
2 . :3 :1 

25.38 

27.7 
28 . 18 

3 . 78 
17 . 29 

15 . 1 
4 . 38 

30.99 
154.6 

100 lb . Potash 
March 

(as growth starts) 

]8 . 6 
8.68 

80 . 05 

12 .R 
36.22 

3 . 97 
26 . ] 3 

10 .2 
19 . 50 

.') . 6 
3 . 98 

27 . 44 

2.') .• ') 
32 . 34 

3 . ] f; 
18 . 31 

14 . 5 
4.94 

34 . 28 
171 . 4 

followillg han·es t. Tb ese al 
The res ul ts of three sllc h tr 
\\"(~re conduded Oil a so il c 
case \\ ' as the influence of ei' 
./\clcliti o ll al e\" iclcllcc is [Ollll(' 
socla follo\yillg han'est at t 
ya ll1 ablc. 

A largc group of: COI1l111erC 
spring as growt h is s tarting 
m ost profitable fertilizer apl 
yal nc of s ll ch appl ications; 
cxcept Tr ial 3, w!lich wa s 0 11 

[ollo\\'c cl thc appli cation of Ie 
~pri ng. Res ult s of these trial 
bee n reported. Detailed y iel 
cons istcncy, and there is 110 ( 
these tr ials such spring' appli 
Cl\"erage of these seyen trial s 
y ield per plant \\"hen spring 

It is diflicult t o draw eldill 
Inco11sistency is eyic1ent ill 1 

reco rcls of commercial gro\\' 
tain concl usions, hO\\'e\,er, a 
fertilizers is of doubtful \"a l 
year. The only application 
resu lt s during the spring be 
potash as the plant s are beg 
tion 0 ( ph ospboric ac iel anel p 
ing, anel , under cx tr cllle CO ll 

dll ri ng tbe fir s t gTo\\' illg seas 
that applica ti on of nitrate of 
to prove profitahle on stra\\' l 
of pho sphoric ac id and pota 
the average ill ferti lity, but 
tion \\·ill probably stimulate 
11ers and increase yields . 

EFFECT 01; 

En[)EN 

The application of a lllulch 
III ended. Amo ng the (jC) rec 
application of lllulch. The 
thesc gTO\\CrS was ~7.79 per 
;llll OUlltcd to $1.1)5. TIl Illost 
\\ 'as a n item of c()nsiderab le 
pcns(' :-;. rll the allalysi :-; of pI 
per CCllt or the grO\\c rs' ca~ 
that this expc nditur e rcpre 
total cost. o[ production. Fe 
ing the second hanest anel 
following t.he first growi n o' ~ 
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follo\\ 'i ng haryest. Tbese applications we r e made during r enovat io n. 
The results of thrce such t.rial s are report.ed in Table 21. These t cs t s 
,\'crc conduct.ed on a soil of m oderat e fertilit.y or bette r and in no 
casc \\'as t.he influcnce or e it.hcr phosphoric acid or pot.ash significant. 
/ \dclit.i ol1al cyiclcllcC is found, ho\\'eycr, t.hat applications of nitra t c of 
soda following harn.'st at t.h e t.i1l1 c of rcnovation lllay b e di stinctly 
l'all1ablc, 

1\ large group of cO lllm crcia l growers apply muriate of potash in the 
spring as grow t.h is sta rt.ing and a r e firml y convinced that it is their 
1110st profitable ferti li zer applicat io n, Seven trials planncd to t es t the 
yal ue of such appli cat ions are repo r t.ed in Table 22 , In eve r y case 
except Trial 3, which was on a ve ry poor soi l, distinct incr eases in y icld 
follow cd the appli cat.ion of 100 pounds of muriate of potash in th e ea rly 
~pring, Res ul ts of thcsc trials arc m ore con sistent than any which h avc 
been rcported, Det.ailed y ield r ecords o f individual trial s show great 
consistcncy, and there is no doubt but tbat under the so il condition s of 
thesc tr ials such spr in g appli cation s of potash were very effective, The 
a,'e ragc of t.hesc seven trial s showed a n increase of 12.7 per cent in thc 
y ield per plant whcn sp rin g applicat.i ons of potash were made, 

It is difficult to draw dcfln it. e conclu sioll S from the fert ili zat ion trials. 
Inconsist.ency is evident in 111allY of these trials, a s was found in the 
records of commercial grO\\'e r s and observati on s o ver the statc . Cer­
tain concl usions, however, appear to bc just ifi ed . The application of 
fe rtili zers is of doubt.ful l'a1ue o n good land during thc fir st growing 
ycar. The only appli cation w hich has produced un iformly favo rable 
result s during the spr in g before the first crop, was one of muriate of 
potash as t.he plant s a r e beginning g rowth. On poor soils the applica­
tion of ph osphoric acid and potash during so il preparation befo rc pla nt ­
ing . and, under e);trellle conditions, the application of nitrat. e of soda 
du ring the first growi ng scason may he profitabl e. Th er e is no evidence 
that app1i cat. ion of nitrate of soda in the spr ing befo re harv es t is likely 
to prove profitable on s t ra\Vbe rri es. A ft er the first harves t applications 
of pllO sphoric acid and pot.ash w ill be profitable only o n so il s below 
t.he average ill fert. ili t.y, but app li ca ti on s of nitrate of soda at r enova­
tion \\'ill probably stiJllulate the fo rmati on of a large r number of run­
ners and increase yields. 

EFFECT OF MULCH APPLICATIONS 

EnDENCE F ROM FIELD RECORDS 

The app1icat.ion of a l1lulch to st. ra,,'bcrry fi eld s has long becn recom­
lll ended . A m ong the U) recorcls included in thi s study 24 r epo rt an 
appli ca ti on of mulch. Thc Cll'eragc cost of th e material applied hy 
t.hese growc r s was $7.79 per acre, and th e labor of apply ing the mulch 
ClnlO t111 ted to $1.8:;, III 1110St. cases this represented a cash o ut. lay alld 
\\as an item of cons iderah le importancc in relation t.o o ther cash ex­
penses, Tn t.he analysis of production costs it I\'as found that nca rly 30 
per c('n t 0 f the g ro \\-c r s' cash e -"pe nse 1\ as rcprescn tell h y Illulch , and 
t bat thi s expcndit. ur e repreclllcd approximately 10 per cent of the 
tot.al cost. of product.ion. Fewer growers u sed mulch m aterial preced­
ing t.he second han'cstand they used less m a t. e ria l than was appli ec1 
following t.he first growing season . 
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SELECTIO N OF PLANTS FOR' SETTING 

The importance of obtainin g a good matted rO\i\r as ea rly in t.he sum­
mer as pos s ible is gcnerCllly r ecogni ze d by cOlllmercial growers and th e 
selection of suitabl e plants for setting is con . idere 1 by many t o be one 
of the principal fa ct.or s influ encing tIle results. 

SO lJ RCE OF PLA N TS 

1\1any people bc1ieye that pletnt s import ed from a di s tance have a 
distinct advantage over locally g rown plant. s and t.hat it is desirable 
t.o r enew the stock frequ ently. It is obvious that the presence of se riou s 
strawberry pests such as the crown borer, root rot, may make the 
use of local plants very lllllvise. 1\side from that, t.he value of import ­
ing plants seems doubtful and t. es t s we re conducted to provide direct 
comparisons. In these tests plants 'we re pro cured from r eliable sources 
in 1\rk:ansas, 1\1aryland, a nd Indiana, and for compari son plant s wer e 
procured from several succe ss ful local growers. The r es ult s of these 
three tests did not indi cate a di st inct advantage for anyone source 
and indicated clearly that local plants were as des irable, if not more 
desirable, than those procured from other s tates. In 1934 th e same 
trial was repeated in order to obtain a dditional r eco rds. This trial was 
placed on a very good so il and was g iven careful culture throughout 
the season. All fo ur trial s ar e summar ized ill Table 23 t.oge the r "\vith 
some detailed records from Trial 4. 

It is significant t.hat in every trial the lowest producing plots were 
developed from imported plant s and that in three of the four trial s 
the highest y ieldin g plo t s re sulted from local plants. It is clear that 
no single so urce of plants consist ently proved superior to others. Vari ­
ations in yield are explained very much more accurately by the note s 
'which were mad e concerning the condition of plants at the time of 
setting than by the source fr om w hich the plants came. For example, 
in Trial 1 the local plants were se t as soon as they were r eceiv ed with­
out being heeled-in . Plants from all other sources were heeled-in when 
they were received a nd \\'ere g ive n uniform care. During the time the 
plants 'were heeled-in they st ar ted to 0TOW .. lightly. Those fro111 1\1ary -

TABLE 23. IlIjlllell Ce of S Ollree 0/ Plallts on Yields. 

Trial 1 T ria l 2 Trial 3 Tri~LI1 Average 

Source of -------
Plants Yield Crates llow How Row No. Row Percent Row 

Yields Y ields Yield s Plants Y ields C ulls 100 Yield P er 
Plants Acre 

------------- ---------------------
Pounds Pound s Po unds Pounds Pounds Pounds 

Arkansas .... ]6 . 2.') J6 .S3 2D . 7!) 6:,8 46.2/1 7 . 0 7 . 02 27.20 136.0 

Marylalld ... . . 12 .53 17. 11 E) . Ol 4D7 26.48 8 . 1 0 .33 18 . 86 04 .3 

Indiana . .. ... 1:3 .54 15. 0S 22. 63 6S1 42 .25 0 . 1 6.17 23 . 37 1[6 . 8 

f 
]7 . 70 188! :34 . 02 668 45. 85 6.4 6.86 29.34 1tJ.6 .7 

Local 
Sources ]82-1- 23 . 68 :)2 . 16 653 41. 34 0 . 2 6.33 28 .85 144 . 1 

l lfj . 76 18. 7S 26.80 
I 

598 43.65 5 . 6 7.30 26 . 49 132.1 

Trials 1, 2, and 3 were harvest ed in 193J , Tri a l 4 in 1933 . 
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TABLE 2-+. !nf!IICII((' oj Si:::c oj C 
S1tbseqlIe ll t Yields. 

Size of 
C rowll 

Trial 1 Trial 2 Trial 

Row Row ?\o. How 
Yield Yield Plants Yiel( 

Los. Lhs. 1,b8. 

Large.. . . . . 15.11 12.4..J. 4;jO 18.0: 

Small .. . . .. D.47 12.10 35·1 12.8: 

1 . Set H) ~jO, lnLr ve~t.1031-ArOllla . 
2. Set 1930, ltu,rvest 19?1 - Arom<L. 
;3. ~et 1932, harvest 1 D33- ArollHL, po 
..J.. Set 1932, h a rrest H133- Arolll a, go 
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land and Indiana espec ially showed defmite root action and had formed 
one or two new leave. The yields indicate t hat it is an advantage to 
set the plants as soon as po ss ible and that ·wben plant s have been 
heeled-in long enough to begin growth they a r e less des irable. 

In a test conducted during the season of 1932 all plants were handled 
in the same way and all were r easo nably uniform excep t tho se shipped 
from a di stant state, which had dri ed sli gh tly during shipm ent. By 
careful bandling, ho·wever, no replanting \vas necessary in any of the 
plots. Notes which were made late in the growing season indicate very 
uniform rows throughout the entire t es t. The re sult of thi s te st indi­
cates the importance of good plants and sugges t s that it is a defi nit e 
advantage to procure such plants loca ll y and t o e t th em without 
delay. There is no indication that th e importation of plants from out ­
side the state is an advantage if locally-grow n plants ar e availahle that 
are fre e from insect s and di seases. 

ACE A D SIZE OF PLANTS 

Practically all nul'. e rym en and commercial growe rs who supply plants 
grade out th e old crow ns and th e very small lat e runners but do includ e 
plant s varying greaLly in s ize . In order to obtain e\'idcnce as to th e 
advantage of large and small plants, trial s we r e planned with this in 
mind. For Trial s 1, 2, and 4, r eport ed in Table 24, a Jarge cOlllmercial 
shipm ent was ill spec ted and a group o[ plallts r epresenting the largest 
of the shipment , and another group representing the smallest of th e 
shipm ent was se lec ted. F o r Trial .3 a one-year -old matted row which 
had never fruit cl was dug. The old plants and th e ve ry small ones 
were di sca rded, and then fr om the remainder t\\·o groups were selected 
representing th e large and the small s izes. All trial s were co nducted 
in triplicate antI th e r es ult s we r e fairly uniforl1l . The yields were 
definit ely in fav or o f th e large r plants. The nU111b er of plants was 
counted, at th e heginning of harvest for Trial s 3 and -+, and the greater 
vigor of large crowns is indicated by the g reat er !lumher of runner 
plants that had been formed. 

No t es on s ig nificant differ ences \\'er' made during th e g rowing sea­
son. In each ca se they indicat e that th e large crOW l1 S start ed more 
quickly and required less replanting. Following the planting of Trial 
3 a se ri es o f rather seve r e fr eezes hea\'ed t.he small plants a nd J1lade 

TABLE 2 .. L Inflll ell cc of S i.'::c of CrowlI 01 ,,)'c llill .(/ Oil Hllllllcr ]>/(/Ilt FiI/'Jllillion ai/(l 

Subsequent Yields. 

Size of 
C rowll 

Trial 1 Trial 2 

Lus . Lhs. 

Trial 3 

Lb8. Lhs. 

Average 

Lb8. Lus. LlJs . Lbs. 

Large . . .. ... 15 .11 12A--I- 4;iO 18.07 4.02 11'1 7 1i8.37 J. Of) 708 25.90 4.li5 1:W .O 

Small ..... 0.47 12 . 10 35 ·~ 12.87 3.01 0G0 5:i.8G 5.78 66022.58 4 .7 1 11 2.9 

1. Set 1 H:30, harves t. ] 031 - .4. rOl na. 
2. Set 1930 , ltarvest 1 9:~ 1 -ArollHL. 
:1. Set ] 9::12, harvest] o::n- A roma, poor !-l ui I. 
-1. Set 1932, harvest 10::13- Arollla, goocl s o il. 
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replanting ncccssa ry. An unus ually dry pcriod follo\\' cc1 thc sctt ing 
of Trial 4, causing the small plants to suffcr much morc seycrely than 
did the largcr oncs. It seems clcar that thc principal advantagc resu lt­
ing from the usc of largc plants at sett ing is thcir grcater ability to 
stand unfavorable conditions, to start grOl\"th morc promptly and to 
producc a larger number of runners. \iVher e soil conditions an(l weathcr 
conelitions are ycry fayorable small plants 'w ill be cntirely sat.isfactory. 

VARIETIES 

The problem o( selecting t.he most profitable "ariety is one which 
confronts every st ra \\"berry gro we rand wh ic h recci ves morc eli scu ss ioll 
among growers than any onc question. Therc is a tcnclenc y to hlamc 
low yields and low returns on the varicty and to seek t.hc soluti on 
for all problems hy the se lection of a new highly adyertisecl kind. 

During the last few years the introduction of lllany ncw \'ari('ti(':,;, 
among th e 1110st important of which arc Dorsett and Fairfa:--;:, has 
arouscd new intercst in t.his subject. These yarictics are heing tcstc(l 
by many growers but havc not become cstablished in large acreages. 
During the coursc o( t.his ill vestigatioll <1at.::\. ha\'c been secu red which 
indicatc many illlportant differences among' strawberry \'aridics . For 
examplc, in Tablc 16, Trials 1 ancl 2 werc conducted iJl thc same field 
and at the sam c time u sing different varietics. '1 're111i er yielded -+0,) 
pounds per row uncler t.he sa11l C conditions t.i1at )\r<')]11 a pruc1uced onl} 
]7.5 pounds.unfavorahle S]Jrillg wcather wa:) resp0]lsihle for th e C()lll­

paratively low yield o f Arollla, J\ direct comparison of Aro1lla and 
Klondyke ca n hc made ill a se ri es o( fertilizcr t.ests which\\'(TC side 
by side on uniform soil. If all thc fertilizcr t.reatments arc averaged 
it will he found that t.he yield o( Klonclykc \\'as 27.7 pounds per row 
while t ha t of A ro m a was 23.,) pounds, hu t the 1'.1 onc1y ke produced ] ()"'"~ 
per cent of fruits which \\'erc below t.he minimu111 s ize for I f. S. No.1 
\vhile the Aroma had ollly 3 per ce nt helo\\" this size. 

During 1031 single ro\\'s of Aroma and Blakemorc which were grO\\"" 
ing s ide by s ide were carefully pickeel and thc 1ll1mbcr of herr ics per 
pound was detcrmined for each picking during the season. The figurc,-; 
show that t.hroughout t.hc picking season Aroma \I"as slightly largcr 
than Blakemore. Thi s differencc hccame more pronounced as thc pick­
ing season advancecl. Berries of both varietics declincd in sizc rapidly 
near the close 0f harve st, but t.h e l\roma wa s k\.r\"esled o\'cr a lOllger 
seaso n and held a desirahle size much longer. 

In 193] plantings of Aroma, Klond'yk e, and Blakemorc werc maclc for 
other trials in this inl" est igati on. The conclitions in thc fielcl were Sll (­

ficicntly uniform to pcrmit yarictal comparisons. The plantings \\'('rc 
continued for a t.hird crop so that a compar ison thronghout thc lik 
of a commercial plantat.ion was possible. All of thesc \'arie1.i('s arc 
consicleredmoderate or good plant makers, t.hough Klonclykc and Blake­
more produced runncrs more ahundantly t.han did Aroma during t.he 
fir st growing season when conditions \\-'erc fa\'orable. Both Klondykc 
and Blakemore produced distinctly larger total yields than dicl }\r01l1a, 
but only about one-third so largc a percentage of thc Aroma fruits 
were les s than thrcc-quarters of an inch during the entire seaSOll. It. 
is significant that in a comparatively thick row where t.here were prob­
ably five or six plants per square foot the nlake1110re produccd large 
yields per plant. 
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Throughout the entire lif e of these plantations Blakemore proved 
to be most and Aroma least productive. When the yield of fruits above 
a minimum size of three-quarters of an inch is determined there is 
much le ss differell ce between the. e varieties. The reports frOh1 C0111-

mercial growers indicat e even le ss difference. Among the production 
records considered in this investigation, 24 fields of Klonclyke produced 
a n average yield of 67.4 crates while 32 Aroma fields produced a yield of 
62.1 crates. 

In 1935 plantings of Dorsett, Fairfax, Blakemore, and Aroma were 
made under similar conditions. \V cather conditions were relatively 
favorable during that season and all varieties produced plants free ly. 
At the close of the season the number of plants per row was determined 
for each variety and it was found that Blakemore had produced the 
most, 1,840, Aroma ,vas next with 1,300, then Dorsett with 1,124, and 
Fairfax with 661. Unfortunately a yery scycre frce%c during the bloom­
ing season of 1936 made it impossih1e to obtain rcprescntatiYe yie ld s 
from these plantings. Indications arc that the yield fro111 Dorsett would 
correspond favorably to that of nlakclllore and that the Fairfax \\'ollld 
be lC'ss productive t11an Aroma. 

SEASON OF RUNNER FOI~Mj\TION 

The labor and cxpense illyoh'cd in the care of a strawberry plallla ­
tion is grea tly increased after runllers hegin to set. J\Iost grO\\'crs 
beli eve that it is vcry important to ohtain a gooel matted row as early 
in the suml1l er as possible. Ne\'erthelcss, m:1ny of thelll ha\'e harvested 
exce ll ent crops fol lowing unu sually dry seasons during which most of 
their plants were formed ill Scptell1her. During 1930 S0111(, runller 
plants vvere staked and elated in order that the importance of c:1 1'l y 
runncrs could be establi shed. III this preliminary \\'ork only a fe\v 
plants were incltlded, but the y ie lds indi cated definitely that there \\'as 
comparatively little difference between plants which were formed ill 
June, July, or Atigust. Aroma plants formed as late as September 0 
produced yields equal to those of plants set in July or August anel 
greater than those of the June-set plants. Following this preliminary 
work runners ,,,ere staked during the growing season 0 [ ISJ32 and the 
yields were obta ined from individual plants 1he following spring. The 
results inelicate that all runners set before early fall have practically 
equal valu e. Very early runners frequently arc stunted by dry weather 
during the SUll1mer and develop leaf spot or other trouhles which re -· 
eluce their productiveness. During 193~ Aroma continued to set plants 
much later than did Premier. This variety characteristic is recognized 
by commercial growers, anel very dry weather during July and August 
is considered more detrimental to fields of Premier than \vith Aroma. 

Additional ev idence is presented in Table 25 which sho'\\,s that the 
number of runners formed before the middle of July is not a significant 
factor in determining the yields of the following spring. From the 
record of a planting of Premier which had hael uniform cultivation and 
fertilization, 15 rows were selected and grouped according to the llUlll­

bel' of runners formed by July J6. There was no significant elifference 
in the yields produced by rows that had formed the fewest runners by 
mid-July and the group that had produced most runners by that time. 
U nfortunately the total number of plants which were present at har-
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TABLE 25. R clatioll of Earl.V Hl/lIllCr Production to Yield. 

No . Runners Yiel(j , Lus. PCI'I No. Runners Y if" ld, LIm. Pc; No. Runners Y ield, Lbs . Per 
7 / 16 /32 Plot 7 / 16 ;:32 Plot 7 / 16 /32 P lot 

100 82.50 206 ] 02.] 0 216 95.40 

]76 !)3.45 202 78 .70 217 70 . 80 

183 !)4.25 202 8G.4!j 21S 106 .90 

187 J3J .!)O 10!) 86.00 

I 

247 1J5 . 00 

IS!) !);j.05 20!) 120.25 2;j!j !)5.50 

- - - ---- 1---- --- -

Avemge Avcrage Average Aver<1ge 

II 

Average Average 

]85 !)!) . 43 201 D/I .70 no !)().72 
._- ----

Three rows in each plot;J / GO arrr . 

vest was not c1 etermined, but it is ev ident that the yield was not in­
flu enc ed by so-c<l.ll ecl ea rly-set runners. These results indicat e that 
cultivation may contintle without regard to the es tabli shm ent of a 
matt ed ro w until mid-s umm er, but that the so il should be k ep t in a 
condit ion "which fa\'or s th e establi shm ent of runners during lat e July, 
August, and ea rl y September. 

] t is important, llOwever, that cul tural condit ions during late sum ­
m er and fall fav or t he development of large, strong crowns. In the 
spring of 1934, bdore han'est, a matted row 0 E A roma plants was 
very ca r efully examined. Plants in a section of this row were staked 
and cla ss ified in three groups according to the size of the crown. When 
the se groups were b<l.n'ested it \vas fo und that 100 plants with large 
crowns produced 2G5 berries we ighing a total o f 3.38 pounds, and that 
only 18.3 per cent of th ese berries wer e less than thr ee- fourth . inch in 
diameter. One hundred crm\' l1 S o f medium size in thi s row produced 
125 berries we ig hin g a total of 1.8 pounds, while 100 small crowns 
which bad a diam eter 0 [ approxima tcly one-fourth inch produced only 
24 berries we ig hing 0.35 pound. CO lllpetition with g ras or weeds, a 
hard-packed so il, or any condi tion w hich does not favor the develop­
m ent of strong cro\vns durin g th e fa ll is sure to resnlt in low yields 
the following spring. 

STAND OF PLANTS IN TIlE MATTED l\.O\V 

Strawberry plants becom e very crowded under the m atted-row 
sys t em of cultur e so that there is serious compet ition for moisture 
and plant nutrients. Tests were begun in 1930 to dete rmine t he valu e 
of thinning plant s at th e close of the grow ing seaso n in order to lessen 
thi s competit ion. The dry growing season of 1930, however, prevented 
the development of a tll ick matted row so that when thinning was 
attempted in the fa ll it was found that practically none of the plants 
was closer than 3 or 4 in ches apart in the r ow. Nevertheless, one series 
of rows was thinned t o 6 inch es, another \vas thinned by dragging a 
section harrow across the row in order to pull out the small late-formed 
plant s which were not well es tabli shed, and other rows were left as 
they had g roWll . The y ields ohta illC'(l in ]931 indicat e that there \yere 
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TABLE 26. Effect of Thill Jlillg the Matted Row on Yield alld Si:::e of Fruit. 

Treatmen t 

Tliinne(l with Horse TooL ... .. 

Thinned to 3 Inches wit h Hoe . . 

Thinned. t o G Inches \\'i th H oe . 

Kot Thinner! . ' 

Thinned \I' ilh Horse Ton1 . . ... 
Thinned to 3 Inches witll HOR. 
Thinned to fi Inches wi th Hoe . 
Not Thinned . . , . 

Aroma Yariety . fir.s t crop . set 1932. 

Row 
1\"0. 

2 

3 

4 

Xo. 
Plants 

603 

7·10 

,')34 

1010 

Treatment 

Total 
Yield 

Pounds 

42 .31 

44.01 

36 .30 

51.51 

Per cent 
Below 
~ i Inch 

3.22 

4.07 

.'5.47 

7 .69 

Record of Individual Rows 

Row 
Xo. 

.'5 

6 

7 

8 

Xo. 
Plants 

'. 

Total P~~1~;~t Row Xo. Total P~~l~;l:t 
Yield I" In,h II~"--I Plante Yield 1,,"In;h 

Pounds I II I Pounds 

852 46.05 4 . 00 0 509 36.79 4 .46 

660 36.03 5.07 11 526 37.51 4.03 

564 32.41 3 . 81 10 400 30.58 3 . 43 

6,'53 41 . 11 5 .31 13 584 38.49 3.49 

Average 

I 
Yield Crates 

p~gts I 
Total Per cent I 

Yield Below P er 100 Per 
~i Inch Plants Acre 

- --- - -----------
Pounds Pounds 

713 41 .72 4.22 .'5.83 208 .6 
64.3 39.Hl 4.60 fi.07 10.'5 . !) 
.,)36 33. ]~ 4.24 fi.18 16:; .6 

.... . ... " " 749 43. 70 5 . 49 5.83 218.5 
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no superfluous. pl.ants present ill any of the rows. The yields were 
redycec~ by th111111ng ane~ 'were reduced in proportion to its severity. 
ThIs tnal was repeated III 1932 under more favorable conditions. The 
same pl~ll was !ol101ve(~ <ll1.cl h~l1d-thinl1 illg was clone carefully in order 
to obtalll a u11l{orm cl1 stnbut loll of plants. The result s of this trial 
are pr~sented in Table 20. They indicat e that crowded plants c10 com­
pete WJth each other so that tbe yield per plant is reduced and to some 
extent the number of small berries is increased . Nevertheless. in every 
case the largest total yields were obtained ,\·here there were the most 
plants. 

I!uring the h~rvest of 1933, 12 ro"os of Aroma plants ,vere selected 
" oll1ch had recerved the same cultural treatment durin o· the precedino­
season. The plants were counted during the bloomingOseason and th~ 
~·ow:s aye arranged in Table 27 according to the stand of plants. It 
IS sIgnificant t.hat the yield per row corresponds closely to the num­
b?r of plants 111 the row, though there is a distinct tendency for the 
yJeld per 100 plants to increase as the number of plants per row de­
creases. The number of plants per square foot in those row s varied 
frC:>1l1 approximately six to two- in other words, each plant in the 
th.lCk rows had about 24 square inches of ground while tho se in the row 
WIth 254 plants had nearly three times that much area. It is cleCtr that 
rows were not obtained in this test which were suffic iently thick to 
cause .an actual reduction in total yield. 

DUrIng the harvest season of ]935 short sections of Arollla rows \\·ere 
selected and yield records cardully taken. In one sect ion of row 10 
feet long there were] 11 plants, representing approximately 3}i plants 
per squar e foot. The yield hom th is sect ioll "oas 7.27 pounds per 100 
plants. A second section having 168 plants or about 50 plants per 
sq~lCtre foc:>t, pr~ducecl a total yield of 4.10 pounds per 100 plants. A 
thIrd sectIOll WIth 275 plants, representing between 9 and 9}i plant s 
p~I~ square f~ot, produced 1.94 pounds per 100 plants. Under the con­
clItIOn~ of SOl I and weather in 1935 the total yield was decreased by 
crowdI.ng when as many as nine plants per square foot were present. 
The YIeld per 100 plants declined steadily as the stand of plants in­
creased. These results suggest that under favorable conditions maxi­
mum yields will be produced when there are from five to six Aroma 
plants per square foot of row. The proper spacing no doubt will vary 

TABLE 27. Effect of Slalid of Plants on Yield. 

21i. 
14. 
;!O . 

2. 
17 .. 

!) ... 

Row No. 

AVERAGE . ... .. • . . 

No. 
Plants 

7;)4 
047 
olll 
!iSI\. 
.')42 
;;2;; 

Row 
Yield 

---
Pounds 

,50.02 
44 .. ,)3 
4.') . 76 
3!i.34 
3.').30 
:)0 . 21 

Yield 
100 

Plants 

---
Pounds 

6 . 0:) 
li.SS 
7.42 
Il . Wi 
(j ;,2 
7. ,I(i 

Aroma, good soil- set 1032, first harvest H)33 . 

No. Row No. Plants 

---

o .. 422 
10 .. 401 
7 . . :364 

I ~ . 32.') 
11 . . 261 

\1 . . . 254 

A\· EHAUE . 

Row Yield 
Yield 100 

Plant.s 

--- - --
Pounds Pounds 

:n.2a 7.St 
20. JO !i.Ot 
:~rJ . :~Il 1'.Oli 
27.2 1 8.37 
]8.72 7.17 
20.4:l 8 . 04 
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according to so il conditions, weather condition s, <lnd diCCerent varieties. 
These yield r ecords coupled \vith many obs ervati on s lead t o the belief 
that in g eneral th ere is much greater danger of growing too few than 
too many plant s ill th e r ow. Crowers who haye particularly favorable 
cond itions w ill naturall y space plant s lurther apart at sett ing, and 
under unu sua l condit ion s may profitably thin the mail ed row at th e 
close of th e growi ng sea son. 

]\'ELATIO~ OF CUMATE TO YIELDS 

PH I,C1P1 T,\TlON D Ul<TN"G TIrc CHO\vJ:\fG SEASON 

Precipitation, e. pecially th e di stributi on o f rainfall , is by far the mo st 
important climati c factor affecting strawberry y ields. Some yea r s the 
rainfall is di stribut ed w ith r ea sonabl e unifor mity but frequently there 
are periods of drouth w hich cause se ri o us damage to stra\vberry fi elds 
and are r espon sibl e fo r greatly r edu ced productioll. In practically all 
cases the p lanting season can be ac1justed according t o weather con­
ditions so that fayorablc soi l m ois ture, which is so important lor the 
vigorous sta rt 0 f stra \\' berry plants, can be 0 btainrd. The rel10va tio]] 
of a s trawberry field after harvest is llluch lllore frequently delayed 
o r entirely prevented by unfa vo rable weath er conditi ons. Strawberry 
growers are inclin ed to g iv e lip renovation, howeve r , wben w ith proper 
methods the fields could be rennved profitably. The previous discussiotl 
concerning the impor tance of renovation soon after harvest emphasizes 
th e necess ity of taking a(1'."an tage of the first rain a her the close of the 
p icking season. Favorable so il condit ions greatly r educe the labor 
necessary lor the proper r e11 0va tion of astra wbe rry p lanting'. This 
\vas illu strat ed during the season of 1933 w hen a group o [ exper iment al 
plots were thoro ug hly renov:1ted while the so il was rather c1ry. This 
work required 32 ma n -hour s per acre. In 1934 conditi ons were very 
llluch m ore lavorable and thi s sam e (")"roup of s trawberry plots \vere 
renovated with 24 man-hour s of labor per acr e . This represents a labor 
r eduction of 37.5 per cent and may explain, in part, why renO\'ation of 
the field fo r the second crop pays mu ch better some seasons than othe rs . 

Sufficient evidence ha s bee n g iH'll in the preyious di scussion to show 
clea rl y the importance of a uniformly good stand of plants a nd the 
value of p roper cultural practices in obtaining such a st and. Even th e 
best cultural prac tices cannot overcom e the handi cap, ho\Ve "er, of ab­
normal weather conditions. Excessive rain may inc r ease tbe grow th 
of weeds a nd grass so that tb e expe nse of cari ng for a s tra\Vbe rry 
plantation is very g reat ly in creased. The oppos ite extre lll e, t oo little 
moi sture, is equally serio us. The ill ev itnbl e result of a se\'cre drouth 
is a poor s tand of p lants a nd n grcnt ly reduced yie ld . 

HA1:"<F.\T.T. DURING IT.\RnSl' 

Rainfall cluri I1 g th e pickin g season eye n mor e d i reclly aHects the 
production . Excess iye ra infa ll durill g han'est a lways causes se rioll s 
loss es. Such condition s cause soft herri es \v hi ch do ]l ot stand shipment, 
and r es ult in la rge fie ld losses so that t he han"est r cco rd s do ]J ot rep rc"" 
sent actua l produ ction. 

Seasons o( extreme drouth duri ll g han'est nre rc spoll s ihle for equa ll y 
severe losses. The a mount of loss wh ich results from sllch ab11onn:11 
weather conc1ition s is diffi cul t t o ll1 eas ur e. Jotes wc re ll1:1de dur ing 
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this investigation in many fields where production cost records were 
being kept. These notes show estimated los ses rang ing from 10 or 15 
per cent to as much a s 50 or 60 per cent owin g t o the dro uths of 1931 
and 1932. Such notes as the following a re C0111mon and indicate the 
severity of th e damage. 

"The dry season has ruined the size', There is a Ye' ry heavy set of frui t but 
not more than one-third was picked." 

Another quotation : 

"Fruit very small. About 35 pei' cent o r the berr ie'S fa ilecl io maiure normally," 
and again : 

"Extremely dry, Did not a ttempt to pick culls, Left probably 50 per cent 
in the fielcI ." 

SPRING FRO STS OR FREEZES 

Spring fro sts a r e the cause of ser io us damage under so 111 e conditions, 
but the s trawb erry has a lo ng bloo111 ing sea son and it is unu sua l for 
the crop to be entir ely destroyed in thi s way, Some varieties, such a s 
the Klondyke and to a less extent the Blakemore, produce blooms 011 
tall fruit stalks w hi ch are held high among the leaves or above them 
so that fro st injury is frequent. O ther va rietie s, such as the Aroma, 
have very short fruit s t a lk s so that m os t of the flower s are protected 
by the foliage and there is less injury from ordina ry spring frosts. In 
1936 ther e was a killing frost at one place w here r eco rd s were obtained, 
about eig ht or t en days later than the ;l\'erage last l..:: illiu g fro st , a nd at 
that tim e ea rl y blooming yarietics \\' ere n early in f ull bloo111 , Counts 
were made shortly after thi s frost and it was fo und t hat 72 per cent 
of the bloom s w hi ch we r e open on Blakel1lore were injured and 84 
per cent of those w hich were open 0 11 D o r se tt were injur ed, w hil e only 
50 per cent of the Aro ma bloo111 s showed fro st damage. Ju add ition 
to the d iff er ent percentages o[ bloo 111 s w hi ch we r e killed it is impor ­
tant to Hot e that ther e were less than lJal f as many bloo m s open on th e 
Aroma as 011 e ither'the Dorsett or Fairfax. 

Counts were made during th e bloom in g seaSOIl , ] ()37, to get addi ­
tiollal information 0 11 relati\'e bloo min g dates , It was fo und that at 
t he tim e A roma had only a Ycry fcw bloo111 s ope ll , [e\\'e r than 100 
flow ers on a GO-loot r ow, Dorse tt was bloo ming fr ee ly \v ith a n aver­
age of approx imately 1,200 bloom per row a nd Blakcmo re was bloom­
j ng even 111 ore ab u11 c1a II t 1 y w i th a pproxi m a tely ] ,600 bloo lll s per row, 
I'he loss which resu lt s Fr om spring frost is not elltire ly due t o reduced 
y ields. A part is clu e to th e produ cti on of m any il1lpcd ec tly formed 
berries which g rowc r s call buttons, Thcse berries mu st be g raded out 
at harves t or th e grad e o f the c lltir e crop w ill l)C r edtlc ed , 

FIELD LOSS I ~S ; \T 'II :\R\ 'EST 

D uring th e course 01 this inv est igation it ha s beco m e clear that losses 
which occur ill t he field during han'cs t so m ct im es greatly r educe the 
a mo unt of fruit OJl w hich the g rown obta in s a r e tur J1 , 

SELL I NG PHro: 

During th e sea sons 1932- 1935, inclu sivc, the selling price in some sec­
tion s was so low that profit s wcre very doubtful. Undc r s tl ch con­
dit ion s a large perccllbge of th e fru it \\':1.S left ill th e (1(,, 1(1. Thc 
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C.\HICr.E~S:\E~ ~ 
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seriousness of thi s situation is clea rl y show ll 1)y th e records of 15 
Aroma flelds fo r th e ]933 crop. Seven of these 15 grower s r eport very 
littl e lo ss of fruit in th e field . . Four gTO\\'e r s report that from 10 to 20 
crates per acre were g iven away, and thr ee o f the 15 g rowers esti­
mat ed th a t 25, 30, anel SO 1')('r c(' nt, respectiyc1y. of th e fruit \vas left in 
the field \\:hell pi ck in g was s topped because of tl11sa ti s factory prices . 

C.\I~ET.ESS1\ES S l :\' Prer, I :\' (; . \ 1'\ Il lIA KDLTKG 

Ca r eless picking and insufficicnt su])cn ' is ion of picke r s is frequently 
a cause of field losses. In 1()34 and aga i1l in 1935 observatio ns we re 
made in a field or Aroma \\·her e lack of proper field management , 
careless pickin g, a nd simibr ca uses, res ult ed in th e loss of fully one­
third of an exce llent crop. Ofte n a large percentage o[ the s trawberry 
crop is picked by th e oW11 er's falllily with th e help of the n eigbbor s 
and very littl e real s upervis ion is giY('ll to th e pickers. Under sll ch 
conditions th e work is clon e \ 'cry \\'e11 beca use all who ar e engaged in 
it are interested in the crop. Large growe rs , on the oth er hand, e lll ­
ploy many pickers wlJ o lJa\'e no interest in the crop and who are il1 -
clined toward carel ess work unles s careful supe r vis ion is given. Ripe 
berri es may be ldt in the field Cl ndthey may he brought in as overr ipe s 
at the followin g pi ck in g. Creen or i1llpe rf ec tl y formed b erri es may be 
picked in Jarge number s and fru its w hi ch arc on the ville may be dalll ­
Clged by crawling or \\'alkin g carelessly along th e row s. Such loss es can 
largely be avoided by proper s upervisiol1. IVIallY growers have found 
that a field bo ss sho uld be employe cl t o supervi se about 15 picker s, and 
tha t a careful check of individual work should be mad e in o rd er t o 
eliminat e th ose w ho a rc carele ss . 

Even in a normal y ea r, there arc us ually two or three period's durin g 
which rain occ ur s on two or m ore co nsecutive clay s. In very wet years 
these p eriods may exte nd to four or fiv e days so that it is almost 
imposs ibl e to get the berries pi cked befor e they become overripe. Such 
unfavorabl e weat her conditi Oll s m a k e it n ecessary to provide sufficient 
labor t o harv es t the entire ac r eage ill a minimum of time. It is desir­
able to harv est eyery day cluring the main picking season 'when weather 
conditions fa yor rapid ri pcnillg. Co m m ercial growers who a re shipping 
to di s tant markets o[ten fo llo w the plan o f pick ing only every other 
day, and frequently allow t \vo days t o pass h e tween pickings . \Vith 
thi s sch edule it \\'as founel in ]932 that 61 pe r cent of the cull s at a 
mid-season picking were due t o ove rripes . A similar determination was 
mad e at th e next pi ck ing and it \\'as found again that 56.3 per cent of 
the culls \;vere due to the same cause. 

D elay in handlin g t he fruit from the time it is picked until it is 
placed in r efri geration or on the market, and espec ially exposure of 
the fr ui t to the sun, arc importan t ca1.1ses of loss in many strawberry 
field s. Careless handlin g by g raders and packers frequently reduces 
the quality of the fruit as it appears on the mClrket and therefore re­
duce s the ret1.1rns . If picker s can b e supervi sed carefully and taught to 
grade in the field so that it is unnecessary to turn the cups in the pack­
ing sh ed 111 uch 0 ( thi s los s can b e avoided. 

SIZ" OF Buml f:s 

Small s ize is one or t he m ust import a nt causes of cull s. T hi s is true 
espec ially durin g th e last o( th e seaSO l1 . During this study records of 
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size u,ere nracle for thrcc crops ciuring tlte 1i{e o[ a plantation. The
proportion of snrall I>erries for the last three picl<ines clurirrg the entire
iife-of t1-re plantation a\reragc(1 rvith I(1onc11'1<c 50'(l per cent' u'ith At'otla
11.3 lrer cent, ancl rvith P,lurkcnrcrc 17.2 pcr ccnt. Consicleritrg thc pro-
portions of bcrrics rr,hich \\,rere Jrelorv thc miuitnttur sizc during the-cntire 

picking seasolr, Aronra averagc(l 4.3 per cent for the entire life
of the-plantition, rl,hilc I(1oncly1<c anrl Ill:r1<cmore averagecl ]Pproxi-
rrratcll- 

-19 pcr cent. 'l-hcse 1ar.qe lossc:; <1ue to size 111ay reflect tln-
favor:rble rrlcather conclitions c,tl c:irc1c.ss cttlttrrzrl ttrethocls, attcl are of
gleat inrportztncc to strau,lterlJr F-ro\\rcrs.

(lr-.tssrtrlc,\T'rc)N 1,p' (j1:r-r.s Accc_lIrurNc t'o rtIt.t C,tust

I)rrrin.q 1932 all of thc ctrlis rvhich \\re re producccl on a scrics of -plots
\\'cre ca'ie{trlly cxanrinccl to rleternrine the relativc irnportauce of clif-
ferent causes. A strnrnrarv of this inforrn:rtiou for the seasol'l_ is prc-
sented in l.'ablc 28- 'llic 1OSZ pictirrg scason \\ras cxtremcly clry iurd,
tlicre forc, the pcrccntagc of berrics crrlled becattsc of size was rrerY
higlr. I)rrring tlrc bloonring sczrsorl in 1932 there \vas a killing frost rvhich
causcc.l thc i6rrlratiotr of zrn tttrttsttalll' lnrge trtturber o[ "llttttons'" llhe
nrost inrportant sin.qle catlsc oI crr1ls during tliat pickitrg seasoll \\ras
this latc^spring frosi. Thc c:ulls u,hich arc iistcrl as rluc to utechanic:Ll
injury .,..crlc laigcly tirc restrlt of bir<1 pccks. X{ost colnr1lercial grorvcr-s
simpiy rlo not 1t;'.t slrch frLrit;rrrcl havc 1ro nlcasurc o{ thc atnotttlt u'hich
n..ttr.s in thc ficl<1. llrr: lou, total r'iclcls reportccl atrc cltte pritlcipally
to thc rcrlrrccrl stancl of lrlants fol1on'iug lrtr-arllrortttal stttntlrer clrottth

'Iaur-u 28. C'lttssi/icutiott, rtf L'rtll.r rrs lr.i Crlrrs,:.i. 1932 l'icltirt.r7 '5'cosort'

ifr\c-f oRS I Ntrl_Lrt,,Nc.

lr-.\c'tolts WHICI{ .

'l'hc profits u,hich arc 1'ca

111)o1r the cost of lrrociuctioir r

In sonrc rcspccts this factor
{rro\\'cr- tlran arc thosc f:rctot'
or thc yielcls pcr acrc.

(,o \1 t'tiri'tI(,)N,,\

PRC

I)rrrina' thc carl-r' r'cars o{
linritcrl to iu-c:rs c1osc11' a<1ja

lrerf cction o i thc rc lriscratr
u,iclcrlv an<1 thry liar,e lreconrc
kcts. n{orc reccnt11. thc rlcr
pror,ccl highn.avs, togcthcr u,r
tr-ucl<ing facilitics, has fur the
rrretrts lirc lcss accrrr-:Ltc1l' t cl)(
lcss lelialrlc th:Ln it u':rs :L ft
:rble proclttcts nroverl into the
itrtlrt'ot't'r1 tn(';ur: o l- tt-arrslror-t
irrto rlircct conrpctition.

It is clrstoln:rr-\. to tlirriilr
.g"rotil)s :rccorrling to llrcir shi
st:rtcs irr rlilTcri:nt groups, h
lrc :Ltr irnportarrt {irctor in t1

c:rstcrtr st:Ltcs lr]0\,e into ncr

tirr-:11- arrl 11o trot occtri)y allt-
of thc I{iclrlic \\rcst. Conrpa
str:ru,lrcrries lllo\rc into the
rrncier nornral corrclitotis.

T,r.rrr-n 29. Clossilicatiott of Stroit
AI o r]t c tirt q.

Itrarly (lrou1r Seconrl l,lii,rly
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P"rrr,1.-

1.02

1 .66
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$iJit I'i::ffi#, NIil;<'.
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19.6

19.3

23.2

Per cerlt of 'lotal (lrrlls n'hidr rvele:'i'ot al
Yrc'lri
l'er
Il.ow

Itcr ccltt
Vuriety

Itots I lllt tor.s
( ) \.er-
Itipe

A rorrra.

lJlulietttort

Kloti,lylie

Pounds

6.r0

9.71

9.64

16.6

17.2

19.4

39. 1

59.3

62. 8

z"]:!'
14. 8

24.6

2l).3

14.2

10.7

9.5

13.6

13.0

12.7

cluring the grorving season of 1931. In this exatnination berries rvhich
showJcl moie than one clefect rvere listecl in both grotlps so that the
total per ce ntzrg-e s excee cl 100 in most cases. A consideral;lc percctltagc
of those bcrries rvhich are listed as "buttotrs" were also less than
tliree-forrrths inch in cli:rmctcr l;ut shorvecl ciefinite evidettcc of frost
rlamagc. The comparison of varietics rvhich can lte uracle irt this table
is sigriiticant. A larger percentage of culls are clttc to size rvith Klon-
cl1'ke- than u'ith Aroil:r :rncl a smaller percentage are cltte to rots. The
Klonclyke frtrit stalk holcls the {ruit up off the grottncl so that fie1cl

rots eLrc co11rl)aratir,'cly rrnimportant. The fact that Arottta shorvs a
<listinctly srrraiicr pcrcentagc of brrttons than Blakemore anct Kloldyke
nrzly 1,.c riuc to a l:itcr blooiriing seasotr aucl to the protectiou of Aroma
flon'crs by the foliage.

Aliiba,trra

lfl o rirl ir,

LorrisiiLtn,

lI ississilrlri

'l'cr n.s

Arlil"rtsits

Sorrl,ltenr Cia

(i eo rgi a

Nortlt (.1uroli

Srlrtlr ( lirroli

'1'emressce

Yirgiuia
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F J\CTORS ,i\fHICH AFFECT THE SELLING PRICE 

The proflts '\\'hich are realized from strawberr ies depend not only 
upon the cost of production and yields but also upon the sellin g price. 
In some respects this factor is less under the control of the individual 
growcr than are those factors wh ich determine the cost of production 
or the yields per acre. 

CO:\Jrl~TJTION /\i\[ONG WIIJEr ,Y SE I)f\RAT J~ [) 

PRODUCING Al\EAS 

I)u ri ng the ea 1'1-," years 0 r the ~ tra ",herry indu s try, production was 
limited to area~ closely adjacent to cente r s of: population. Since the 
perfection of the refrigerator car the prodl1cing areas have spread 
widely and they hav e become cOlllpetitors in all of the important mar­
kets. More recently the develop m ent of an extens ive system of im­
proyed higIT\\'ay s, together \\'ith the ycry rapid expans ion of cOll1mercial 
trucking facilitics, bas further COlllplicated t hi s prohlem. ] ' ruck move ­
ments arc les s accllratciy reported and market in formation is, therefore, 
les s reliable thall it was a few years ago \\'hen practically all perish­
able products moved into the larger markets over the railroads, The se 
ill] proved Jl1 ean s of t ransporta tion ha \'e brought wide ly separatccl areas 
illto direct competition. 

It is customary to divide stra\\herry-pr oducillg s tat es illto four 
grolips according to tlleir shipping season, The marketi1lg seaSOllS for 
statcs in difrcrent groups, 110\\"('ver, frcqucntly o\'cr lap sun-i cicnt ly to 
be an importallt factor in the market supply. Strawherries from the 
eastern states ll10ye illto northeastern cons llming cel1ters a lmost e 11 -

tircly and do llOt occupy an} important place ill the con suming ce nt crs 
of the l\lidcl1c \Vest. ComparatiYc ly. a small proportion of Ca lifo rnia 
stra\\'bcrries lllOYC into the impor tant ma r k ets of the l\Ticlclle 'Vcst 
under normal concl itons. 

T l \BLE 29. (fassijienlion of Slra,dJCIT)' 1J r odlfcillg Slalcs . Jccordill!) 10 Season of 
}'larhclillq. 

Early Grolll) Seco;l<l Ea,rly Group 

Arkansas 

l<'lori(b 80llthern Califomia 

L()lIisiall~L Genrgia 

;\[ississippi Korth Carolina 

Tuxas SOllth Carolilla 

Tonnessee 

Yirgilli~, 

Intcrrnedia,te GrOLlp 

California 

D elaware 

llliHOis 

J\:,msas 

KentllC],y 

l\Iary]anu 

Missouri 

New Jer sey 

Ohl<LhOllla 

Late Group 

low,L 

Micliigall 

~ew York 

OlIio 

Ore~oll 

Penns,v I', ani a, 

\Vasltingl011 

\\' is("oHsin 
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TABLE 30. Price Trellds from 1930 to 1934. 

Klondyke Aroma 

Year 

Lowest Highes t A vcrage Lowest Highef't, Avemge 

----- ---- ---- ---------1----- ----.----

HJ30 ... .. . . .. ... . .... ... $2 . 24 $::;.00 $2 . 68 $2.3:3 $4.01 $~). 2:{ 
HI31 .. .. 1 . 03 :~ . !jO 262 2.2H :3 . 01 2.6(; 
1()32 .. 1 .2:) ~ . .'i7 I . (n 1 . 6H 2 . .')1 1. 97 
10:n. -, ... .. .... .00 1 . J:' .flR 1.0Q ] . 4.'i 1. 28 
J!):31 ... Not s ulliciC'nt record s 1. J () 1 . 6G 1. 2V 

Prices per ('rat.e lJaserl on th e :tveragc of the records frOIl1 cOllllllercial growcrs coopemting in this 
illve.~tigatioll . 

PRICE TREND DUIUNG A PERIOD OF YEARS 

The fluctuation in ;;trawberry acreage corresponds closely to the 
general profitableness of the crop. Acreage changes ar e less abrupt 
than fluctuations in sel lin g price and usually lag Ol1e or two years 
behind. 

The fluctu·ation 111 strawberry prIces shown ill Table 30 can110t be 
explained entirely on a basis o f the qualily and condition of the fruil 
or the volume which moved into the consum ing centers during the 
shipping season. A more fundamcntal factor influenccd tllE' se seasonal 
trends. In Table 31 information is presented which shows a s triking 
correlation between the price of strawherr ies, received by the grower 
and general econom ic co nditions throughout the co untry. In order 
to obtain a picture of the general econom ic conditions, index llumbers 
representing the general business activity, employment, commercial 
pay rolls, and non-agricultural income were obtained from tabulations 
in the Annalist of the New York 'I'imes and publications by the United 
States Department of Agriculture. From a comparatively satisfactory 
condition in 1929 there ,vas a continuous decline in general economic 
conditions to 1933 which was the low point by all three methods of 
measuring the conditions. The season of 1933 ,vas also the low point in 

TABLE 31. Fig1trCS Showillg S trawberry Prices alld III dices for Ecollomic C ollditiolls. 

Strawberry Dl1o::iness Inrlex of Tndex of Non-
Price Activity Employment Pay rolls Agricultural 

Year Per Crate Income 
(1) (2) (2) (3) (4) 

HJ28 ... $ 1. flO 10.'5.:) 97.4 100.-1 
Hl29 .. 2.40 ] 14 .8 ] 0.5.1 110.0 ] 07 
1!)30 . ::\.10 ] 01. 6 9.'5.2 !J.'i.O 100 
]!):31. 2 .. 'iO 89.8 79 . 9 72 . .'5 8:') 
1!)32. ] .2:) 66.2 G4.7 47.G G7 
H)33. ] .05 74 . 1 G2 . 1 41. !) 6:) 
1034 ... . 1.] () 8.'5.2 81. 0 G.'5. f, 70 
193.'5 ... . .. . ] .6.'5 82.7 81. 8 68 . 4 7.'i 
1936 .......... 2.1:') 91 . 3 84.8 76.1 8':; 

(]) Average prices received by growers for the crop mn,rketing season. U.S.D.A. Bureau of A gr. 
Econ., Crop Reporting Board, Strawberries- TC- 36: 1233. 

(2) The. Annalist. Publi sh ed by the New York Times Co. Vol. 47, p. !)43, June 1936, a,nd Vol. 49, 
p . 599, April] !J37. The average of tho indexes for March , April, l\lay, and June is recorded. 

(~) The Annalist. Vol. 4fi, p . 1(l2, Jan. 18, ] 935, Tn.bIe 7, Recent F.conomie Changes in United States, 
and Vol. 47, .Tune J !)36. (Average Hl2:)- 2:') =100) 

(4) Tile Demand and Pnce Situation, March 1937, U.S.V .A. Bureau of Agr. ECOll. , Washington , 
D . C. (Average 1924- 29 = 100) 
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t.he seasonal strawberry prices. The improvement since that time 
indicates that the ability of people to buy is a dominant factor in de­
termining the selling price of strawb erries . 

A study of the individual records in this inves tigation shows that 
the fluctuation in the price durin g th e picking season is likewise a 
factor of importance. The average price of the fir st picking is, in 
almost all cases, the highes t. The decline in price corresponds roughly 
with th e increase in volume and the progress of the shipping season. 
During mid- season the larges t pickings averaged only 75 per cent as 
high in selling price as did the fir st picking. The price at the clo se of 
the season after the size and quality of the crop had declined was only 
50 per cent as hig h as it was at the start. 

There is a continuous and frequentl y an extrem e flu ct uation in price 
from day to day and, also, a wide var iation in the quotations on any 
given day. Many factors contribute to these fluctuations. The impor­
tance of at least three such factors may be seen by a study of the 
daily market reports. The influence which the va ri ety of fruit has upon 
the price is ve ry eviden t. Thus Klondyke and Blakemore consist ently 
sell at a lm,ver price than P r emi er and A roma. 

Th e vo lum e of the fruit w hich is ava ilable in th e market on a g iven 
clay can be seen to have a di stinct influence on the price, though thi s 
effect is often less clear-cut t.han might be expect ed. The quality or 
grade of th e fruit appears t o be hy far th e mo st sig nificant factor in 
determining it s seiling price on a ny g ive n clay. 

DISCUSSION 

Strawberry prof-Its are not det er mined by the same factors under 
all conditions. No s ingl e one i ~ a lways of flr st importance but profits 
depend upon a favorable balance of many fact ors. 1\s thi s study has 
progressed fOllr things hav e come to stand out clearly. 

Firs t and mo st important, profits depend on obta inin g relatively large 
y ield s per acre at a low cost per crate. 

Second, thoug h greatly influ enced by climatic conditions, ,(more 
especially the amount and di stributi oll o( rainfall) y ield nevertheless 
depends in large m eas ure on the kind of so il, its preparation, and it s 
proper managem ent after planting. Appare ntly the preparation a nd 
later managem ent are as important as the kind of so il. If the plant 
bed is so prepared before se tting that a good sta nd of plants is promptly 
obtained a nd then so handled that heavy, maLt e(l rows are forll1 ed, large 
y ields of good grade berr ies may be expected. In thi s connec tion good 
physical condition apparently plays a mor e important part than high 
llatural fertility, the usc o f fertilizers, o r mulching mat erials. On th e 
other hand, so il s that ar e poor or poorly prepared are ce rtain to re sult 
in a poor stand of plants. Thi s m eans that fundam entally the problem'> 
of production cente r around th e establi shing o E the plantation and its 
care during th e first seaso n, even during the first few weeks of that 
growing season. Th e old adage, "\i\T ell beglln is halE done," applies 
literally in the strawberry enterpri se. 

Third, the mos t effec tive way to k eep product ion costs low is through 
the preparation of th e plant bed and tll e ea rly care during th e fir s t 
season. This ea rly care w ill increase y ields and \\'i11 ll elp to avoid more 
expensive care dt1ring tIl e later season. 
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Fourth, though incom e and profit ::; d epend, in large m eas ure, on 
the selling price and they in turn depend in large m ea su re on the 
market supply and demand, s ize and grade of berri es a r e important 
in es tabli shin g pric e. Doth s ize a n(l gracl e ar e largely un cle r t he g row­
er' s control, partly through th e sam e fact or s tllat de t e rmin e y ield s a ncl 
partly thro ugh care in harves ting oper a tion s. 

SU NfMARY 

The strawberry is an important ca sh c rop o n man y farm s. It is 
a "family crop" becau se it is ada pted to s lll.all a c reages and r ecluires a 
la rge amount 0 f hand labor. 

Th e economic d cpress ion ha s prolonge el th e peri oel o f low r e turn s 
so that the indu stry ha s pa sse d throug h a seri ous cri s is during th e 
las t s ix y ear s. Th e pr ese nt inves tigati o n ext e nds thro ugh t hat peri od 
of low r eturn s. The informati o n r eporte(l in this publi cati on is ba sed 
upon an analysis of production recorel s obtain ed fr om c01llmer cia l 
growers and upon fi eld t es ts \\'11i cll we r e planned t o ch eck th e im ­
pOl"tance 0 [ l1lClny factor s, i nflu cncing st ra w l)e rry pro f! ts. 

Profit s depend upon thre e g e nera 1 f acto rs-na m el)" th e cos t 0 ( pro­
duction, th e yi eld per acre, and the selling price . 

The r eco rds show that the co st o f producti on r eprese nt s n ea rl y 
half of th e t o tal co s t for the fir s t crop; llarves tin g and ha nclling the 
fruit aft e r it Il"as mature a ccollnt ed fo r approxim a t ely t hree-fourths 
of th e co st fo r the second cr op. 

Th e principal it em o f o l' e rh cad or fi xed cos t \\'as a cll a rge fo r th e 
n se of th e 1anel. D epr ec iati on o f equipm ent wa s a yery s lllall ite m 
becau se expensiye tools arc no t r ectui red fo r s t r a w berr y g rowing. 
lV[os t of the cash expenses w er e incurr ed durin g the es t a bli shm ent o f 
th e plantati on. Th e cost o[ plallt s and fe rtili ze r we r e the prin cipa l 
it em s. Labor r epr esent ed th e larges t expense in th e produ cti on o[ 
s tra"\\·lJ e rri es . An al' c rage of ] ()3.() m a n-hours a nd ()3.9 ho r se-hours 
per acre wer e r cquirecl for th e ca r e o ( th e planta ti on befo r e t he fir st 
crop. Less than onc- thircl a s much laho r was r equired fo r th e ca r e 
of the plantation betwecn the fir st and second cr ops. The es tabli sh ­
m ent of th e plantati o n required 30.2 per cent of th e t o t a l labo r dur ­
ing the fir s t year. 

Picking r epr es ent ed 4R.2 per CCllt ;111<1 th e cus t o[ th e pac kages 
represented 30.6 per cent of th e t o tal cos t aft e r the fruit wa s mature . 
Grading, pi cking, superv ision , and haulin g ar e o th e r it em s \\'11ich w er e 
included in th e total. 

Strawbe rry y ields depend upon man y iactor s , JlO o ne o( \\' h ic h \\'a s 
fo ulld to he o f fir st importance uncler all cO l1diti ons, th o ug h cha rac t er 
o f the so il is a factor of firs t ill1portan ce in m os t cases . .A sa ndy or 
gravelly loam in good ph y sical conditio1l , with ahunda nt hU1llu s, m od­
e rately fe rtil e, al1d \\'('11 drained is c01l s icl e red to he th e id eal so il fo r 
strawberry procluctio1l . Th e care \\" 11i ch th e. so il has r eC< .. 'i\'ed d uri1lg th e 
years preceding- th e setti1lg of th e pla1ltati on is o f g rea t impo rtan ce. 
Thorough till ag e during thes e yea rs leav es th e soil in good phys ica l 
condition ancl reduce s th t' prohlelll o( wee d control. 

For th e procluction of high ~ ' i e lds, cultiyation sho uld he tho roug h , 
timely, and continuous thro ugh the fI rs t g rowin g sea son. Neglec t 
or delay is not eco1l o mical of labor . ~I""'h t..' cl epth oi cultiva tion is CO Ill " 
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paratively unimportant under normal conditions, but it 'ho uld be 
adj usted according to the type of so il and the available moisture. 
Tillage after the first crop will increase y ield s but it may increase 
greatly th e cost per crate if so il conditions are unfavorable. The 
method of cultivation following the first crop sho uld be determined 
acco rding to the conditions in each field. 

Fertilization is of doubtful valu e on good so il s. The application 
of nitrogen is profitable at the time of renovation following harvest, 
~lnd possibly on poor soils when applied at the time of setting. Spring 
applications of nitrogen before harvest are often not profitable. Ap­
plica tions of phosphoric acid and potash during the g rowin g season 
are helpful on so il s w hich are below average fertility. Potash applied 
JI1 the spr ing as growth is start ing g ives t1le most consistently favor­
able results. 

The se lection of suitabl e plants for setti ng i. a factor of importance. 
The source o[ the plal~ts, 1100\-e \' e 1", is ul1iinpor ta nt so long as they 
are free from insects and diseases and are in good condition at the 
time of p lanting. Plant:-; oi large size <He not essent ial but they have 
a distinct advantage under unfavorable conditi ons and w ill usually 
s tart growth more vigo rous ly after sett in g. 

The time of runner {ormation and the development of tbe matted 
ro\\' is not important 1 dore lat e summ er, provided soil conditions are 
favorable for the development of large crowns during the fall. Thor-· 
olwh culti\' ation is essential for the d'velopment of yigorous crowns 
under ordinary cond iti ons. 

The sta nd o[ plants in the matted row is one of the most important 
factors a ffecti ll g s ira wherry yields. Many factors are important prin­
cipally as they influence the stand of plants. For example, the applica­
tion of nitrogen at the time of renovation, the method of renovation 
practiced, th e s ize ot plant. · set, and even the method of cultivation 
are of importance pr in cipa ll y because of the influence they have on 
the number of plants w hi ch are developed. Total productioll illcreases 
with the stand of p lants under normally favorab le condition s until 
eight or ninc plants per square foot are present. Crowding beyond that 
point results in reduced total yields. The yield per plant declines as 
the .- Land in creases and the proportion of large fruits eleCt-cases in the 
same way. Probably the best stand varies with conditions, but under 
the conditions of these tests five or s ix plants per squar e -foot produced 
the mo st proi1table y ields. Variety characterIstics influ ence the most 
desirable spac ing of plants in the matted row. 

Cl imate is a very important factor but is largely ou t s ide the con­
trol of strawberry growers except as a considerat ion in the se lect ion 
of a suitable s it e for the planting. Spr in g frosts or freezes are oftcn 
serio us ( 1932 and 1936 during thi s inv es tigation ). Excess ive rain dur­
ing the growing season encourages weeds and increas es the expense 
of thorough tillage. Excessive rain during harve t increases field 
lo sses by causing so(t berries and preventing r egular picking. Drouth 
is a more common cause of injury. A dry growing season reduces the 
stand of plants and, if severe, prevents the development of large, 
vigorous -fruiting cro\\·ns. Drouth during the harvest season r educes 
the s ize of fruits. a nd. und er extreme conditions, preYents many fruits 
from maturing. 
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Field losses are impor t a nt in determining stra\\'berry prol-its hut a r e 
Yer y eli Hi c ult to 111 eas u reo U nsa ti s factory pr ices \\' h i c h caused a large 
qu a n tity o f I'ruit to he left in the fi e ld was f o ull d t o be an im portant 
it e m during the pe ri od cove r ed b y th is inves tigati o n. 1\1:ost o f the 
losses\\·hich occur in the fielel. however . may be c h a rged to careless ­
ness in picking a nd handlin g the -fruit or to th e d ecl in e in s ize of frui t 
as th e seaso n ach ·ances. Varietv c h a r acte ri s tic s. weath e r conditions . 
a nd poo r cultur e are impo rt a nt ~a u ses of this de~lille in s ize. 

Th e m ost im po r tant factor affec tin g the selling price of s tra\\'­
herri es is the ab ility of th e cons um er to b u y. The pr ic e trend follow s 
th e eco n o mi c cyc le very c losely . 

The fluctuati o n in s tr awbe rry prices from day t o day is influenced 
hy the volu11le of fruit which m oves into the markets, b y the var iet ie .'-i 
o lfe r e d for sale . and by the quality of t h e fruit. The mo st impo rtant 
factor affecting the se llin g p n ce on any g lvcn day is th e qua li ty and 
co ndi tion of the frui t. 
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