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Fertilizers for White Pea Beans 
C. E. MI LLAR, R. L. COOK .L\XD J. F. DAn t 

~Iichigan far m ers, for th e period 1927-37, received an average yea rly 
inco m e of $ 13,466,000 from their bean crop. \\Then t hi s a m o unt is co m 
pared with an averagc income of $ 13,582,000 from thc salc of winter 
\\' heat, the import a nce of the crol") to ]\/[ ichi gan farmcrs is full y reali zed. 

In 1937, :lVlichigan produccd 28.8 per cent of a ll beans and 87.0 pe r 
cent of thc ,\"hit e p ca beans tbat ,\'er c gro\\'n in the C nit ecl S tat es. 
T hc se beans were grmnl on 485,000 acres of Ja nel. Of this t o tal acr eage, 
approxim ate ly 90 per cent ,\'as in 19 co un t ies of the cent r al eas t crn 
pa rt of the Lower Penin sul a. The bean ac reage compri ses approxi
mat ely ] 3 per cent of th e total cropped a r ea of these 19 counti es . T h c 
bean p lan t appears to be better a dapted to the so il s a nd ,,"ea ther co n
ditions of th is section than to that of o tb er parts of the stat e. The 
ave rage y ield s obta ined in the Saginaw Valley and T humb a r ea are 
higher th an tho sc o btaincd on soi ls of equal fert ilit y in other sect ion s 
of th e bean-growing region. This is proof of th e fact that clim a ti c 
factors a re ext r eme ly impor t a n t in thc successful cu lt u re of beans. 
The bean crop is " ery susccptib le to injury by lat e spring and ea rl y 
fa ll frosts, and because it m akes its g rowth during the summ er m o nth s. 
itis often subjected to adverse moi s tur c condi t ions. As maturity ap
proaches, the humidity a,ncl tcmperature r elat ions great ly affect th c set 
of pods , w hi ch relationsbip ,y ou lcl ten d to expla in th e appar e nt r e
g iona l a daptat ion of th e crop. 

The u se of fcrt ili zer for beans presents so m e cliff~c ult problems . ow ing 
to th c ext r eme se ns itivity of th e seed a ncl sprouts t o fe rtili ze r injury 
and of t he crop to a dve r sc \\'ea the r co nditi on s pa rti cularl y at blossom 
t im e. Prel iminary expe rim ents anel observat ions led to th e co nclu sion 
that the app li ca ti on of fertili ze r s for bea ns hy m eth ods co mm onl y e lll 
ploy ecl by farm e r s cou ld not be depended upo n to g il'e cons ist ently 
beneficial resu lt s . Fer ti li zer practices which gavc sat isfa cto ry r es ul b 
on c yea r ,\'c r e at tim es in effcctive or act ua lly detr imental th e fo ll m\"- ' 
ing season. In v iew of t h ese facts a nd of the importance o f th e bean 
cr op in :M ichi gan agr icul ture, a caref ul study of fe rtili ze r u sage for 
this crop was bi g hly des irable. 

EXPERIMENT AL 

The experim enta l "'ork in the fert ilizat ion of bea ns ,;vas start ed in 
192 1 and sin ce tbat t im e tbe ll se of fert ili zer a nd g reen m a nur e c rops 
to enrich tb e so il for g rowin g beans has r ece ived m a jo r attent io n in 

lThe \H itus exprc,s th c ir apprcc iation to :\ Ir. c. A. Cumings o f the nUI'ea Ll of Agricultural Engi
nce ring o f t he l'n ited States Depart m cn t of J\ g ri c ultur c for va luabl e assistance in th e fertilizcr 
placement work di sc us sed in thi s puhlicat ion . 
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the experimental program carried out by the Soil s Sect ion of the lVI ich 
igan Agricul tural Experiment Station. A d iscuss ion of the re sults 
obtained is given in t he fo llowing report. 

EARLY FERTILIZER EXPERIMENTS 

During the years 1921-33 inclusive, fertilizer experiments were con
ducted on 42 farms in 14 counties. On many of the farms the experi
ments ,yere cont inued over a period of several years. In all , 10 different 
soils ,yhich occupy large areas in the principal bean-growing sect ions 
of t h e state were represented- Brookston, Conover, Fox, H ill sdale, 
IVIacomb, l\liam i, Napanee, Selkirk, ,Vauscon, and Wisner. 

THE RESPONSE OF BEANS TO VARIOUS 
FERTILIZER ANALYSES 

Prior to 1930 t h e expe ri ments were confined largely to an effort to 
determine w hether fe r ti li zer " 'as needed on d iffe r ent types of soil and 
t o a com parison of diffe r ent fe r t ili zer analyses or grades on different 
so il s under ya ri ab le condi t ion s . A li ttle work was done on the rate at 
'Y h ic h f c rt i ) i 2(' r ~ hould h e applied. T h e fer t ili zers were mostly applied 
broadcas t a nd were wor k ed int o t h e soil ju st before pla nti ng. On t h e 
wh olp. t Il(' r e<;u lts we re not consistent. On so m e fie lds w h er e a large 
n um ber of pla t s -wer e included in the tes t s, t h e cases of decreased 
y ields, appa r ent ly the r esult o f fertili za tion , wer e practically as numer
o us as the ca ses yv here fe r t i1i ze r appar ently incr eased the y ield. T hi s 
w a s tn'" on two h elds in 192 1 a n d acco rd ing t o t he data in Tables 1, 
2, a nd 5, on t wo farm s in 1923, on on e in 1924, and on t wo in 1927. 
From Table 1 it cal'i be seen t hat t h e diffe r ences between t h e y ields 

Fig. 1. Well dra ined B rook ston si lt loam in a h igh sta t e of fe rtility is an 
ic1e3J soil fo r g rowing beans. 
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from the treated and untr eated plats on Brookston soil were not more 
than 1.5 bushels except in one instance in which the yield was appar
ently decreased 2.9 bushels as a result of the application of 250 pounds 
of 0-12-0 fertilizer. On the Thompson farm in 1924, all fertilized plats, 
with one exception, yielded less than did the unfertili zed plats. 

On a Napanee silt loam so il in 1927, s ix out of fift een fertilized plats 
produced fewer beans than did the unfert ili zed soil. The same was 
tru e in four out of nin e cases on Hillsda le sandy loam during the same 
year. The one plat on the Hill sdale so il, ho·wever, which received 
complete fertili ze r out -y ielded the unfertili zed plat by 4.6 bu shels. 

During the ea rly yea r s of work with diff erent fertili ze r analyses, 
ther e were several fields wher e various fert ili zer mixtures actually 
r esult ed in increased y ields but where, in many cases , the increases 
w er e small and quite inconsist ent, and where it was often imposs ible 
to draw any conclusion as to which ferti li zer analysis was super ior. 
According to th e da t a presented in Table 2, a large numbe r of com
pari son s on s ix farm s on Brookstori, Napanee, and l\/[iami so il re sulted 
in only three cases in "vhich fertili zed plat s yielded less than did un
fertil ized plats but in sp ite of thi s fact , the data do not afford informa
tion as to which fertilizer analysis wa s actually best during that year. 
For example, on th e 'T'hur ston farm the re spective yields for the plats 
treated with 4-8-0, 4- 12-0, and 4- 16-0 were 33.3, 31.1, and 32.7 bushels 
per acre. Additional increment s of phosphorous did not re sult in con
sis t ent increas es or dec reases in yield. R egarding potash, the data are 
again incon sistent. Th e plat tr eated with 0-12-6 y ielded 30.1 bushels 
as compared w ith 28.5 bu shels from th e plat which received 0-12-0. At 
the same time the y ield resulting from the 4-16-6 tr eatment was 30.2 
bushe ls as compared with a yield of 32.7 bu shels from so il treated with 
4-16-0. Again an addition of 6 per cent potash to the 4-12-0 analysis 
resulted in an increase in yield from 31.1 to 33.7 bushels per acre. 
Nitrogen increased th e y ield slightly on thi s farm. 

During that sam e yea r the 4-8-0, 4-12-0, and 4-16-0 tr eatments on 
the Parsons' farm r esult ed in r espective y ields of 30.4, 21.9, and 27.4 
bushels per acre. again indicating the limitat ions of the data in regard 
to determining the best fe rTili zer analysis. In the light of such incon
sist enci es and considering the fact that on one field during that same 
year fertilizers fail ed to produce any increases in y ield, the res ult s 
cannot be valu ed t oo highly. 

In 1925, fertili zer investigations were conducted on four fi elds of 
Brookston so il in Saginaw, Huron, and Tuscola count ies. T he data 
pr esent ed in Tabl e 3 show that in most cases increases in yie ld were 
obtained as a r esult of fertilizer applications, but in many cases the 
incr eases "...-ere so small that the average increa se for th e thr ee farms 
where th e fertili zer "...-as all applied broadcast was only 2.3 bushels 
per ac r e. U nder the prices which bave prevailed during man y of the 
last] 5 year s. this increase in y ield would have be en too small to pay 
for the fertilizer. Furthermore, a s in 1924, it was impo ss ible to ascribe 
the increases in yield to any parti cular plant nutrient or combination 
of nutrients . From the data obtain ed on th e Hunt farm, it a ppears that 
200 pounds of 3-12-4 fertili zer drill ed with th e seed caused an increase 
in y ield of 4.2 hu sh els per acre, but the r eliability of the r esults is 
qu es tion ed when it is noticed that 100 pounds caused an incr ease in 
y ield of only 0.3 bushel per acre. 
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Beans were grown 0 11 the Ferden experim ental plats, Sag inaw 
County, in 1926, 1927, and 1029, The experIm ents on thi s farm \\'ere 
des igned largely t o study the needs of th e so il for pota sh and to dete r 
min e the best rate ot fe rtili zer applicat ion. A tt ention ,vas also giyen to 
the use o i calcium sulphat e, hill e, nitrogen, a nd g r een manure, .-\1 -
thoug h the limitat io ns of data ob tained Hom n on-r eplicated p lats are 
f ully recognized, the data in Table -+ indicat e that applIcat ions of super
phosphate a lone fa il ed to ca use increased y ields ot \) ean s on thi s l1 e ld 
during th e thr ee years o f s tudy. _ \dditions of potas h to th e fert ili ze r , 
however, res ult ed in s li g h t increases ill y ield s ove r those frO lll super 
phosphate a lone. From th e average YIelds it appears that calc luJ1l 
s ulphate, lim e and nitrogen a ll res ult ed ill s li ght incr ea ses in th e y ields 
but t he diffe r ences a r e so small that in t he case of non -r epl Ica t ed 
plats th ey mu st be attr ibuted to experimental error o r soi l variations. 
The ave rage y ield of a ll fe rtili zed plat s on thi s farm during th e thr ee 
yea r s wa s 24.0 bush els per acre as compared with a yield of 1-2,2 hu shels 
trom unfertili zed p lats. Even if it ' were certain that thi s incr ease of 
1.8 bu shel s pe r acre cou ld be attributed to the fert ili ze r appli ed. th e 
increase is too s mall to be p rofitable excep t d urin g the yea r s ~\\'h e n th e 
market pr ice is unus ually high . 

,Pe rhaps t he m ost o ut stanclJ11g benefits deri ved f r o m broadcast appl i
cat io ns of fer tili ze r for field beans were obtained on th e l-Ieckroth 
farm located o n Wi sn e r s ilt loam so il n ea r Uni onvill e, A ccording t o 
th e data present ed in Table 6, a ll fer tili zers r es ult ed in increased yi e lds, 
a nd in ge ner a l th e complet e fe rtili ze r s caused the g r atest incr eases 
in y ield . Of all the mixture s appli ed, th e 4-16-4 see m ed th e m ost \\'o rthy 
o f r ecomm endati on under the conditi o ns which existed on that so il in 
J928. 

According to the data, th e 500-pound application s w e re sllpen o r in 
two cases and inferior in one case t o th e 250-po und rat e, Such data 
cannot be u sed to r e,co mm end the hi g h er rat e of application, 

In comparing th e m ethod of apply ing broadcas t with that o f apply 
ing with a g ra in drill, it appea r s that 125 pounds drill ed gave practically 
as hi g h y ie ld s as did 250 pound s appli ed broadcast. Ve r y sm a ll diffe r 
ences w er e obtain ed ill th e y ields as a r es ult of apply in g diff e ren t 
fertiliz er s with the g rain drill but an indi cat io n of injury fr o m fe r 
tilize r is apparent fr o m a compari son of the y ields obt a ined fr o m pla ts 
treat ed with 125 a nd 222 pounds o f fert ili zer. In t \\'O of th r ee cases 
th e larger rat e r esult ed in lowe r y ield. and it \\'o uld appea r yery lik ely 
t hat thi s s ituation may have been du e t o stand injury ca used by too 
large an amount of ferti li ze r in contact with th e seed, }'vl o r e rec ent 
expe rim ent s hav e sho \YI1 definitely that 75 pounds of 4-1 6-4 fe rtili ze r 
appli ed in contact with th e seed cau sed s ig nificant stand r eductions, 
These experim en ts are disc ussed late r. No respo nse t o m anga nese o r 
m agn es ium can be observed from the data in Table 6, 

F urth er exampl es of incons istency and lack of definit e r esponse to 
fert ili ze r appli cations a r e ey ident in the 1929 re ul ts r epo rt ed in Table 7, 
Dur il1 g th a t yea r two fields were locate 1 on Brookston so il and 1'1\'0 
were on Se lki rk, O n the Sturm farm, Brookston so il, the in creases in 
y ie ld du e to fe rtili ze r ayeragecl 5. 1 bushels per ac re, enoug h t o pay fo r 
t he 400 pound s of ferti li ze r when beans a r e wo rth m or e than $2,35 
pe r hundr ed, It is probabl y true a lso t ha t increases in yield a l1ll ost 
as g reat wo ul cl ha YC r cs ul te d irolll sm a ll c r appli cat io ns 0 r f crti l i zc r, 

FERTILIZE 

:M uch sm a ll er average 1J1C 

fie ld of Brookston so il ant' 
in y ield on these fields a 
barely enough t o pay for 
conclusion s can be dra,,'n 
rate of fe rtili ze r appli ca ti o 

STUDIES ON ANA 
AND MEl 

Start ing w ith 1930, the 
broaden ed to include studi, 
exper iment s w ith different 
line as in prev ious year s. 

From 1930 t o 19:54 {ert 
o n the Reagh farm of Mi 
demonstrational program. 
on the g rain drill at th e 
Table 8 show that cons ist 
w er e obtained as a r esult 
t hi s farm . The da ta furni s 
tilize r s "\vas super ior. It is 
fleld 8 in 1934 superphospl' 
plet e fertili zer s. 

D uring a thr ee-year fert 
muth on the Geyer farm 0 

deflnit e eff ect on y ields. A 
y ield in 1930 was obtain ed 
~\'e r e two y ield s aboye and 
t he hi g hes t yie ldin g plat p 
untr ea t ed plat , and one tre; 
plat . 

During the year s 1930-3 
we r e des ig ned to show how 
analys is should b e appli ed 
before p10v\Tin g and after pl 
were compared with that 0 

t ime. L ikewise, combinatic 
plowing and applications wi 
of these experiments condu 
10\'( y ie ld s obtained on the l 

extr em ely low in fertility, 
t he y ields w ith any method 

I t has often been stated 
than on poor so il s. Table 
five fie lds " 'ell adapted to 
yie lds were hi g h er on the j 

in 1110st cases the in crea ses 
s istencies are apparent. F 
were broadcast and 50 pOl 

H unt er farm, t h e y ield \\'a:: 
\ \Th en the appl ication of 0 

---------------------------------------------------------~~~ ---------------------



FERTILIZERS FOR vVRITE PEA BEA S 

:M uch smaller av erage increases in y ield we re obta ined on the o ther 
field of Brookston so il and on th e two fi elds of Selk ir k so il. Increases 
in y ield on these fie lds averaging 2.0 to 2.g bu sh els per acre 'were 
barely enough t o pay for the small es t application of fertilizer. No 
conclusions can be drawn from th e data regarding the mo st desirable 
rat e of fertilizer appl icat ion. 

STUDIES ON ANALYSIS, RATES OF APPLICATION, 
AND METHODS OF APPLICATION 

Starting with 1930, the fertilizer expe riment s \vi th fi eld bean s were 
broadened to include studi es of m et hods and rat es of application. The 
exper im ents with differ ent fertilizers wer e cOlltinu ed a long t he sam e 
lines a s in prev iou s years. 

From 1930 to 1934 fertili ze r t es t s were conducted n ea r Ca ss City 
on the Reagh farm of Miami silt loam so il, as a part of a fiv e-year 
demonstrat ional program. The fertilizer was applied through a ll holes 
on the gra in dri ll a t th e tim e of planting. The r esult s prese nted in 
Table 8 show that consistent, though small, incr eases in bean yields 
were obtained as a re sult of the application of complet e fertiliz er on 
thi s farm. The data furni sh no clue, how eve r, as t o which of t he fer 
tiliz ers was superior. It is significant that in all cases except that of 
field 8 in 1934 superpho sphate alone was inferi o r t o t h e var ious com 
plete fertilizer s. 

During a three-year fertili ze r demonstrat ion, 1930-32, n ear Franken·· 
Illut h on the Geye r farm of Broo k ston silt loam so il. fert ili zer had no 
definit e effect on y ields. As shown by th e data in Tahle 9, th e h igh est 
yie ld in 1930 vvas obtained on the untreat ed plat , w hile in 1931 th ere 
\yer e two yields above and two below the untrea ted plat y ield . In 1932 
th e h ighest yielding plat. produced only 1.8 bu shel s more than did the 
untr eat ed plat, and one treat ed plat y ielded less than did the untreated 
plat. 

During the yea r s 1930-33 in clu sive, m ost of the fi eld experim ent s 
were de signed to show how fe rtili ze r should be applied, as well as what 
analysis should be applied. In thi s work fer tili zers \yere broadcast 
before plowing and after plowing just befor e planting. These methods 
\vere compared with that of drill ing fertil ize r \,,"ith the seed at planting 
time. Likevlise, combinations of broadcast fertilizer before and a ft e r 
ployving and applications w ith the seed were tri ed. The r esult s of three 
of these experim ent s conduct ed in 1930 are r eport ed in Table 10. Th e 
lov," y ield s obtained on the untreated plats indicat e that th ese so ils w e re 
extr em ely low in fert ility . The fertilizer s did not appr eciably affect 
th e yields w ith any m ethod of appli cat ion. 

It has often been st ated t ha t fert ili ze r s a r e mor e ben eficial on good 
t han on poor so il s . Table 11 pr esents the res ult s obtained in 1930 on 
fiv e field s \vell adapted to bean production. On a ll of these fie lds th e 
y ield s were h igher on the fert ili zed than on the unfertili zed plat s, but 
in most cases the increases in yield wer e not great and several incon
sist e nci es are apparent. For exampl e, \'\Th er e 200 pounds of 0-1 6- 16 
were broadcast and 50 pounds of 2- 12-6 drill ed wit h the seed on the 
Hunter farm, t h e y ield \\'as incr eased from 9.5 bu sh els to 13.0 bush els . 
\Vhen the application of 0-16- 16 was st epped up to 400 pound s, the 
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Fig. 2. Many farmer s plant beans \vith a gr~~in dr ill and allow the fertilizer to 
fll)\v through all the open ings in the drill. Since this method places a portion of the 
fertilizer in cont2.ct 'w ith the seed it is not recommended. 

yield dropped to 11.7 bushels and again w hen it was increased to 600 
pounds the yield was 17.3 bushels. 

On the whole, the additional application of 50 pounds of 2-12-6 dri ll ed 
with the seed \\Tas not beneficial. L ikewise, side-dressings of 100 pounds 
of 4-16-8 failed to produce increases in yield on the one farm where 
:it \yas tr ied. 

During the years of 1931 , 1932, and 1933, the experiments were con
tinued a long the same plan as in 1930 with experiments on 27 farms in 
Saginaw, Eaton, Gratiot, Jackson, Genesee, Livingston, Tuscola, and 
Cl inton co unties . According to the data for the three years, reported 
in Tables 12, 14, and 16, fertilizers substantially increased the yie lds 
on only three farms and caused slight increases 111 yield on three other 
farm s. From the data it is impossible to conclude which ferti li zer 
ana lyses \vere superior, but there was considerable indication that 
0-16-0 was as effective a s the mixed fertilizers. On 21 farms during 
the t h ree -year period, fertil izer was not effective in increas ing the 
yields. 

After four years of study on th e methods of application described, 
the data do not indicate the super iority of anyone method. Fertilizer 
p lmyed under was no more effective than t hat w hich ,,"as applied 
broadcast after plowing. L ikewise the drill ing of some of the fer
tilizer vvith the seed fai led to make substantial changes in the results. 

According to the results presented in Table 13, there was some 
jndication of injury to stand as a result of dr ill ing fert ilizer with the 
seed in 1931. The c1ata presented in Tables 15 and 17 show that no 
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injuries to stand resulted from fertilizer applications in 1932 and 1933. 
The experiments during those latter two years did not include ap
plications in contact with the seed. 

D uring the years 1921 to 1933 inclusive, a total of 675 experimental 
plats received fertilizer applications for beans. A comparison of the 
yields from the fertilized plats with those from the unfertilized plats 
in the same field shows that the yields from 217 of them were either 
less or no greater than those from the unfertilized plats; 458 of the 
fertilized plats yielded more than the corresponding unfertilized plats, 
but in only 375 cases or 55.5 per cent did the increases amount to one 
bushe I or more. 

FERTILIZER PLACEMENT 

During the winter of 1933-34 it was decided that the fertilizer ex
periments with field beans should be entirely reorganized. The work 
to date had shown poor response to broadcast applications of fertilizer 
and some indication of inj ury when fertilizers were applied in contact 
with the seed. Since experiments with some other crops had shown 
good results from fertilizer placed in bands beside the seed it was 
believed that perhaps the secret in successful fertilizer usage for beans 
might lie largely in the method of fertilizer placement. The aim, there
fore, was to determine the effect of placing fertilizer in bands close to, 
but not in direct contact with the seed. 

To conduct the placement tests with beans it was necessary to have 
a machine which would place the fertilizer where desired with accuracy. 
Uncler the supervision of G. A. Cumings, the Bureau of Agricultural 
Engineering of the United States Department of Agriculture con-

Fig. 3. Planting beans on the Ferden experimental plats with the U. S. D. A. Bureau 
of Agricultural Engineering experimental bean planter. 
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(Photo Courtesy U. S. D. A.) 

Fig. 4. A close-up view of the experimental bean planter shown in Fig. 3. \;Vith 
this machine it is possible to place the fertilizer in contact with the seed, in a single 
band under or at one side of the set'd, or in two bands on either side of the seed. 
It is also possible to vary the distance behycen the bands of fertilizer and the row 
of seeds. 

structed a drill, Figures 3 and 4, which has filled the need very satis
factorily. Since the machine was constructed, four years of cooperative 
experiments between that Bureau and the Soils Section of the Mich
igan Agricultural Experiment Station have been conducted. The tests 
were completed on seven fields in 1934, three fields in 1935, two in 
1936, and three in 1937. Two other fields were abandoned, owing to 
adverse weather conditions. In all, five counties and seven types of 
soil have been represented in the placement work. 

Plan of Field Work 

The field technique was carefully planned in order that the first 
results might be dependable . In 1934, the treatments were replicated 
four times on four fields and duplicated on three other fields. In 1935, 
all treatments were replicated fOllr times, wh ile in 1936 and 1937 they 
were replicated five times . During the last three years all plats ha ve 
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been arranged in randomized block s in oHler that t he data might be 
analyzed by analysis of var iance. 

Each plat has consisted of tvvo rows 20 or more rods in length ac
cording to the dimensions of the held. Row spacings have been 26 
and 28 inches. Yield measurements have been obtained by harvesting 
and threshing 300 or more feet of both rows on each plat. 

Stand counts were made soon after emergence of plants from the 
soil was complete each year. 

The placements used in 1934 "\vere as follows: 
o 1. Both sides of seed (Parallel bands 10 inches to the side 

and 1.0 inches below the seed) 
o 2. One side of seed (Same as No. 1 except all fertilizer 111 

one band) 
e 3. Three-fourths of fe r t ili zer as in (2) a nd one-fourth 111 

contact with the seed. 
e 4. In contact with the seed (75 po unds per acre) 

- 0 - 5. Both sides of seed as in No . 1 except the bands were 
level with the seed in stead 0 f 10 inches below. 

o 6. Under the seed. One band one inch below the seed. 

In 1935. the placcmcnts wcre ident ical except that in placements 1, 
2, 3, 5, and 6 the fertil izcr hand was 1 }~ inches below t he seed instead 
of 1.0 inches below . .l\n ac1dit ional placement, designated as the "grain 
drill" method, was includcd. In t hi s .method of application, fertilizer 
was placcd in bands seycn inches apart with seed planted in every 
fo urth fertilizcr band. The placcments in 1936 and 1937 were identical 
with those in 1935. 

The fert ilizer used in all the placement experiments was 4-16-4 
applied at the rate of 300 pounds per acre . 

Weather Conditions 

Two dry years and two wet years were encountered in the placement 
work reported. In 1934, the precipitation at Caro during the months 
of May, June, and July was 0.80, 2.00, and 1.19 inches, respectively, 
as compared with 1.01, 1.55, and 0.64 inches for the same months in 
1936. In contrast, the precipitation in 1935 for those months was 4.26, 
6.68, and 1.16 inches and for 1936, 2.11, 3.67, and 3.01 inches, respec
tively. The months listed are the critical months from the standpoint 
of injury or benefit from applicd fertilizers. 

Observations During Early Growth 

All experiments were visited several times during the growing season. 
Some interesting observations were made in these early visits. In 1934, 
planting was delayed from a week to ten days because the soil was too 
dry for proper germination. Growth throughout the season was con
siderably retarded by the lack of moisture. The bands of fertilizer 
could be found in the soil as late as mid-summer, and from the con
centration of roots in the fertilizer zone it was very evident that the 
fertilizer had grcatly stimulated root development. 

On July 1, 1935, the beans on plats with the fertilizer under the seed 
were superior to all ot.hers. The unfertilized rows were the poorest 



12 MICHIGAN SPECIAL BULLETIN 296 

of any, and the rows with the fertilizer in contact with the seed were 
but slightly better than the untreated rows. The plants on other plats, 
including those where a portion of the fertilizer was placed with the 
seed were about equal, and were considerably better than where the 
only treatment was the 75-pound contact application. On July 11, the 
size of the plants in the different plats varied in the same order, but 
the differences were smaller, especially on the Trieber field. On July 
22, there were no apparent differences at the Trieber field and small 
differences at the Reagh field. At the \iVarren field on this date, the 
plants which had received fertilizer in bands beside the seed were 
about the same size as those on the plats where the fertilizer had been 
placed under the seed. On the unfertilized plats and those where fer
tilizer had been placed vvith the seed, the plants were still smaller than 
on the plats which had received fertilizer in bands separate from the seed. 

As a result of the dry weather of 1936, germination was delayed and 
early growth was very slow. One field was discarded because of poor 
germination. On July 20, the plants on the Gegler field were largest 
where the fertilizer had been placed under the seed, while those which 
had been fertilized in bands beside the seed ranked next in size. Early 
indications favored the deeper side placement over the side placement 
level with the seed and the partial contact over the 75-pound contact 
placement. All of the contact placements were inferior to the side 
placements. All fertilized plats were superior to the untreated plats. 

On July 21, the untreated plats on the Stoutenburg field were very 
poor and those which had received fertilizer in contact with the seed 
were but slightly better. At the same time, the plats which had received 
the fertilizer in side bands or under the seed were much superior to 
those which had fertilizer placed in contact with the seed. 

In 1937, an inspection was made five weeks after planting. On all 
fields, the unfertiliz~cl fOlVS were small er tllan tllose which were fer -

Fig. 5. For beneficial results fe:rtilizers for field beans must be properly applied. 
The two rows in the center received 75 pounds of 0-16-8 with the seed and 225 
pounds in a band at the side. The next two rows to the left r ece ived the same total 
quantity of fertilizer but in bands on both sides of the seed. The two rows to the 
right of the center rows received 600 pounds of fertilizer in bands beside the seed. 
Note the two unfertilized rows at the left. 
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Fig. 6. For best results fertilizer of the proper analysis must be properly applied. 
The two rows in the exact center were not fe r tilized. The two rows to the left 
received 600 pounds of 0-16-0 in bands beside the seed. The next two rows to the 
left received 300 pounds of 0-16-0 but had 75 pounds in contact with the seed. Note 
the vacant spaces indicating poor stand. The two rows to the right of the center 
rows received 300 pounds of 0-16-8 applied in bands beside the seed. The next two 
rows to the right received the same quantity of 0-16-8 fertil izer but had 75 pounds 
in contact with the seed. Note again the vacant spaces indicating poor stand. 

tilized. At the Horst farm, the contact application appeared to be 
inferior to the other placements. At Reagh's and Stoutenburg's, the 
placements under the seed, in a band at one side, or in bands at both 
sides were about equal to each other and were better than the contact 
or partial contact placements. 

At the end of two months the plants in the unfertilized rows were 
still smaller than those in the fertilized rows and the plants in the 
rows which had fertilizer in contact with the seed were still smaller 
than the plants in the rows which had been fertilized in separate bands. 
There were no apparent differences at that time in the size of the plants 
as a result of the various separate band applications. 

Effect o f Fertilizer Placement on Stand 

An examination of the data presented in Tables 18-22, inclusive, 
shows that in most cases the application of fertilizer in contact with 
the seed resulted in injuries to germination and a corresponding reduc
tion in stand. In 1934, the application of 75 pounds of fertilizer with 
the seed resulted in thinner stands on all four fields than were present 
on the unfertilized plats. Where a total of 300 pounds was applied, 75 
with the seed and 225 on one side, a reduction in stand resulted in 9 
out of 12 cases. In two of the cases where there was no effect on stand 
the fertilizer applied was 0-16-0. 

On three fields in 1935, the application of 75 pounds of fertilizer in 
contact with the seed, both with and w ithout an additional side band 
application, resulted in stands significantly thinner than did the appli
cation of all the fertilizer in bands to the side or under the seed. Figure 
6 illustrates injury to stand where fertilizer was placed in contact with 
the seed. 
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The results obtained on the Stoutenburg farm in 1936 were identical 
with those of 1935 except that the stand on the plats fertilized as with 
a grain drill was not significantly thinner than that on the unfertilized 
plats. A discrepancy also occurred on the Gegler farm (Table 21), 
where the application of 75 pounds of fertilizer with the seed, but with
out an additional side band application, resulted in significantly better 
stands than did the partial contact applications of 75 pounds with the 
seed and 225 pounds beside it. On the whole. however, the 1936 data 
indicate serious injury to stand as a result of fertilizer applied with the 
seed. 

In 1937, as in previous years, considerable injury to stand resulted 
fr?m the contact applications of fertilizer. The application of 75 pounds 
wIth the seed resultec~ in stands which were significantly thinner on all 
~elds than. those 01~ta111ed on the plats where the fertilizer was applied 
111 bands, eIther beSIde or under the seed. The two partial contact treat
ments resulted in stands "which were sl ightly better than those resulting 
from the contact treatment but greatly inferior to those obtained on 
the plats where the fertilizer was applied in bands not in contact with 
the seed. There were no significant differences in stand resultino- from 
the various band placements. b 

. ~uri~g the four years of placement work, there have been several 
~ndIcatlOns of improvement in stand as a result of fertilizer applied 
111 bands s~parate from the seed. This was specifically true on the Trie
ber farm 111.1935 and on the rate of application experiment on the 
Reagh farm 111 1937. Throughout the experiments there were occasional 
cases of in;proved stand as a result of fertilizer application. The fact 
also that 111 several cases the partial contact treatments were less 
injurious than were the 75-pound contact treatments, (despite the fact 
that the quantity of fertilizer in actual contact with the seed was the 
~ame), is an indi"cation that the additional side application " ras effective 
Ir: the prevention of stand injury. This may have been due to increased 
vIgor as a result of a plentiful supply of nutrients at a safe distance 
from the tender plants. 

There were no significant differences in stand as a result of the 
different rates of application on both sides of the seed. 

Effect of Fertilizer Placement on Yield 

Substantial increases in yield were obtained in eio·ht of the nine 
• " h 

expe~Iments. conducted in 1934. As shown by the data in Tables 18 and 
1~, hIgher YIelds w:ere obtained as a result of the applications in bands 
Wlt~~ut contact WIth the seed than were obtained on plats where the 
fertIlIzer was all or partially applied with the seed. The application 
of 75 pounds of fertilizer in contact with the seed resulted in yields 
only slightly higher than those obtained from the unfertilized plats. 
As shown by Fig. 5, the growth of beans was depressed by fertilizer 
in contact with the seed. 

One band of fertilizer gave just as good results as did two bands 
and there were no differences in the yields where the fertilizer was 
placed level with the seed and where it was placed 1.0 inches below the 
seed level. 

Where the fertilizer was placed under the seed, the yields were 
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higher in two cases, lower in one case, and about equal in one case 
to the yields obtained where the fertilizer was placed in a side band. 

As indicated by the (~ata presented in Table 20, significant increases 
in yield were obtained in 1935 on two farms as a result of all treat
ments except the one with 75 pounds of fertilizer in contact with the 
seed. On the Trieber farm, all the fertilized plats out yielded the un
treated plats but the difference was not significant in one case and just 
barely significant in hvo other cases. In fact, the "F" value obtained 
for the placements i less than the "F" value at the 5% point, which 
may be interpreted as meaning that the differences shown are due to 
some factors other than treatment. 

Fig. 7. Fertilizers for field beans should be placed in a band one and one-half to 
two inches below the seed level and one-half inch to the side of the perpendicular 
plane in which the seeds lie. Left-4-16-4 properly applied at the rate of 300 pounds 
per acre. Right-no fertilizer. 

On both the Warren and Reagh farms the application of 75 pounds 
of fertilizer with the seed resulted in yields significantly less than did 
those resulting from any of the other placements. At the Warren farm 
the only significant difference bel,,'een any 0 f the other placements was 
in favor of the application at the sides and on a level with the seed 
over the placement to one side and below the seed. Excluding the 
placement with the seed, no single placement at Reagh's was sig
nificantly better than any other placement, although the increase from 
the under seed placement approached significance. When it is remem
bered that the plats where the fertilizer was placed under the seed 
appeared superior for a considerable portion of the growing season, 
it is interesting to note that this placement resulted in the largest 
yields on both the Reagh and Trieber fields. 

It is also significant that the yield from the partial contact placement 
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was about equal to that from the side placements despite the stand 
injury which has already been pointed out. This is in contrast with 
the 1934 results in which the partial contact placement gave a de
cidedly lower yield than did the side placements. 

Because of the unfavorable growth conditions throughout the season, 
little can be said regarding the yields on the placement plats in 1936. 
As shown by the data reported in Table 21, no treated plat on the 
Stoutenburg field yielded significantly more than did the untreated 
plat, but the plat which received the fertilizer in bands seven inches 
apart, as with a grain drill, yielded significantly less than did the 
untreated plat. Although the differences were not significant, the data 
show that the other plats which received contact and partial contact 
applications of fertilizer also yielded less than did the untreated plat. 
Furthermore, all three of the plats on which fertilizer was applied in 
contact with the seed produced yields significantly less than did the 
plat with fertilizer on both sides and below the seed. 

On the Gegler farm, only the plat with fertilizer on one side of the 
seed, significantly out-yielded the unfertilized plat, and two of the 
fertilized plats actually yielded less than did the unfertilized plat. 

At first thought it seems that the placement work for 1936 was a 
failure, but, at least, it is possible to conclude from the Stoutenburg 
results that fertilizer treatments in contact with the seed are to be 
avoided. This correlates closely with the 1934 and 1935 results. When 
it is remembered that most of the fertilizer applied for beans in Mich
igan is applied in this way the seriousness of the problem is apparent. 

The 1937 data recorded in Table 22, show that on the Stoutenburg 
and Reagh fields the three treatments which included fertilizer in 
contact with the seed resulted in yields which were definitely lower 
than those obtained as a result of separate band treatments. At Stout
enburg's, the yields resulting from contact fertilization were actually 
smaller than the yields from the unfertilized plats. In the case of the 
75-pound contact treatment, the difference was significant. At Reagh's, 
the yields on the plats where all or a part of the fertilizer was placed 
with the seed were not significantly greater than the yield from the 
unfertilized area. On both of these fields the application of 75 pounds 
of fertilizer with the seed and with no additional application, re sulted in 
yields which were significantly lower than any yields from plats where 
the fertilizer was all applied in bands beside the seed. 

The yields at the Horst farm were erratic and while some of the 
differences between placements were great enough to be significant 
the results are so clearly at variance with the results obtained on the 
other two fields, and those obtained in former years, that, from the 
standpoint of general fertilizer practices, no significance can be at
tached to them. 

From the Stoutenburg and Reagh results it is shown that deeper 
placement of the fertilizer was better than seed level placement and 
that application in two bands resulted in somewhat higher yields than 
did applications in a single band. 

The placement of fertilizer under the seed did not produce yields 
materially different from those obtained as a result of placement in 
bands beside the seed. 
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EXPERIMENTS DEALING WITH THE RATE OF 
FERTILIZER APPLICATION 

17 

Experiments on the rate of fertilizer application were carried on in 
conjunction with the studies on fertilizer placement. Plantings and 
fertilizer applications were made ,~rith the Bureau of Agricultural 
Engineering drill already described. The 4-16-4 fertilizer was applied 
at rates of 200, 300, 400 and 600 pounds per acre. The fertilizer was 
placed in bands on both sides of the seed, 10 inches out from the 
seed, and 10 to 1U inches below the seed level. The results of these 
studies are reported in Tables 18-22 inclusive. 

Fig. 8. These McNaughton stacks illustrate the benefit which may result from 
properly applied fertilizer for field beans if weather conditions are favorable. Left-
600 pounds of 4-16-8 applied in bands separate from but close to the seed-24.3 
bushels per acre. Right-no fertilizer-16.4 bushels per acre. 

As indicated by the data in Table 18, the yields of beans increased 
consistently with increasing rates of fertilizer application on the 
Trieber and Dilman farms, but not on the Horst and Buckholz farms. 
Table 19 presents in all, eight comparisons of 300- and 600-pound ap
plications of three different fertilizers. In all cases, the 600-pound 
rate caused an increase in yield over the 300-pound rate, but the aver
age increase was only 1.7 bushels per acre, hardly enough to pay for 
the extra 300 pounds of fertilizer. 

On the Warren farm in 1935, all rates of application resulted in 
yields significantly greater than the yields obtained where· no fer
tilizer was applied, but it required a 600-pound application to give a 
significant difference over the 200-pound rate. On the Trieber and 
Reagh farms the 200-pound rate did not result in a significant increase 
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in yield, while both the 400- and 600-pound rates did cause increas.es in 
yield which were significantly greater than the untreated plat YIelds. 
On the Reagh farm, however, the higher rates were not significantly 
better than the 200-pound rate, and on the Trieber farm 400 pounds 
did not prove to be significantly better than 200 pounds, although the 
600-pound application did result in yields significantly greater than 
those which resulted from the 200-pound rate. The percentage error 
of the mean for the experiment on rates on the Reagh farm .was 
4.7%, which indicates a great amount of variability between plat YIelds 
and the results should be interpreted accordingly. 

The rates of application experiment on the Stoutenburg fa:-m ~vas 
the only bean experiment in 1936 where significant increases 111 YIeld 
were obtained as a result of fertilizer. The beans fert ilized at the rate 
of 200 pounds per acre yielded significantly more than did the un
treated plats. and those treated with 400 pounds of fertilizer produced 
significantly larger yields than did those which received 200 pounds: 

In 1937, the application of 200 pounds of fertilizer produced a SIg
nificant increase in yield, but the increase in yield resulting from an 
additional 200 pounds per acre was not significant. At Stoutenburg'.s, 
it required 400 pounds of fertilizer to produce a significant increase 111 

yield over the yield from the untreated plat. but the yield from the 
plat treated with 400 pounds was not significantly greater than that 
from the plat which received 200 pounds. 

The data, as a whole, show that tl1e rate of fert ilizer application 
which gave the larg'est increase in yield varied considerably from year 
to year and with the soil type. The largest increase in yield was not 
always the most profitable increase because of the higher cost of the 
larger fertilizer application. In general. the results indicate that fer
tilizer applications in excess of 300 pounds per acre were not economical. 

A COMPARISON OF DIFFERENT FERTILIZERS APPLIED 
IN BANDS BESIDE THE SEED 

A study of different fertilizers was also carried on in conj unction 
with the v,Tork on fertilizer placement. In the main. comparisons 
yvere made IJetween 0-16-0. 0-16-8. 4-16-8. ano 4-16-4. In some of the 
experiments, treatments of 4-16-0, 4-12-4. and 2-12-6 vvere also included. 
All fertilizers were applied in bands beside the seed by means of the 
Bureau of Agricultural Engineering drill which was construc~ed for 
use in the experim ents on fertilizer placement. In all the expenments. 
except that of 1937 on the Ferden farm. tIle fertilizer was applied in 
two bands on either side of the seed. The banos were 10 inches out 
from the seed and 1 Yi to 1:}4' inches below the seed level. 

As inclirated by the oata obtained in 1934 and presenteo in Table 19, 
the 0-16-8 and 4-16-8 fertilizers were superior to the 0-16-0, but the 
4-16-8 was not superior to the 0-16-8. Apparently nitrogen was not 
needed on those fields in 1934. 

The data in Table 23 indicate that in 1935, all fields did not respond 
in the same way to the different fertilizer analyses. Since the "F" 
value for the Trieber results was below the level required for sig
nificance, any differences found in the data for this farm cannot be 
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ascribed to differential response due to fertilizer analyses. With the 
exception of the 0-16-0 treatment on the Warren farm, al1 fertilizer 
treatments on this farm and on the L. Reagh farm resulted in sig
nificant increases in yield. No significant differences however can be 
found between the yields resulting from the application of different 
fertilizer analyses. On the Warren farm, the 0-16-8 and 4-16-8 treat
ments produced significant increases in yield over the 0-16-0 treatment. 
The plats on the J. Reagh farm were not laid out in a randomized 
block arrangement but the averages from quadruplicated plats are 
comparable with the results obtained on the L. Reagh farm. During 
the 1935 season the 0-16-0 fertilizer apparently gave as good results 
on the Miami soil as did any other fertilizer used in the experiment. 

The data reported in Table 24 show that on the Stoutenburg field, 
plats fertilized with 4-16-8 were the only ones which produced yields 
significantly greater than did the unfertilized plats . The 0-16-0 fer
tilizer had no effect on yields, and the 0-16-8 caused an increase in 
yield of less than one bushel per acre. In that particular experiment, 
2.67 bushels were required for significance. 

On three fields in 1937, the response to different fertilizer mixtures, 
as shown by the data in Table 25, was variable. On the Miami soil the 
low "F" value shows that the differences in mean yields are due to some 
factors other than fertilizer treatment. 

Two fertilizers on the Napanee soil, 0-16-0 and 4-16-8, increased 
yields significantly above that from the LJnfertilized plat. The 0-16-0 
was slightly superior to the 4-16-8 although the difference was not 
significant. 

On the Horst farm, Brookston soil, only the 4-16-8 treatment caused 
a significant increase in yield. 

In 1934, the experimental work on the Ferden farm was moved to 
a new field and beans were included in a three-year rotation with oats 
and wheat, with sweet 'clover seeded in the wheat for green manure. 
Treatments were in triplicate and six fertilizers were applied in bands 
on both sides of the seed, 1 Yz inches to the side of the seed and 1 Yz 
inches below the seed level. The treatments and the yields for the first 
four years are recorded in Table 26. During the four years, the in
creases in yield as a result of fertilizer applications were smal1 but 
were consistent. The data show that each year the unfertilized plats 
produced smaller yields than did the treated plats. As would be ex
pected when the response to fertilizer is smal1, no definite conclusion 
can be drawn regarding the ranking of the various analyses. From 
the 1934 and 1937 results it would appear that 0-16-8 was superior to 
0-16-0 or 4-16-0 and was equal to a complete fertilizer. Because of 
the plat layout, the crops in 1934 and 1937 were produced on the same 
plats. The similarity in the results for those years is significant be
cause of this circumstance. In 1936, the 0-16-0 plat was out yielded only 
by the 4-16-4 plat and that difference was only 0,6 bushel. The differ
ences in the yields obtained in 1935 as a result of different fertilizer 
analyses were too small to be considered significant. 

Considering the results as a whole, it is evident that no single fer
tilizer analysis or grade is the best for beans on all soil types and in 
all seasons. Neither is there anyone fertilizer that will give distinctly 
better results than any other on any soil every year. In general, 
nitrogen proved of little benefi t to the bean crop. Superphosphate alone 
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proved an economical fertilizer on some soils but for the average 
conditions of soil and weather encountered during these experiments 
a fertilizer containing both phosphate and potash as the 0-16-8 gave 
better results from the standpoint of yield and profit than did super
phosphate or the 4-16-8. 

The work for the years 1934-37 inclusive, during which time the 
special planter permitting of various methods of placement of the fer
tilizer was used, included a total of 866 fertilized plats. Of these, 188 
yielded less or no more than the corresponding unferti lized plats, 678 
yielded more than the unfertilized plats, and 594 or 68.6% exceeded 
the unfertilized plats in yield by one or more bushels . 
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THE ROLE OF STABLE MANURE AND GREEN MANURE 
IN THE PRODUCTION OF FIELD BEANS 

The 1935 bean experiment included some studies on the role of 
sweet clover as green manure, and stable manure in bean production. 
For years it had been observed that beans, as a general rule, yielded 
better on t he more fert ile so ils. D irect additions of plant food, how
ever, had not greatly increased y ields. It appeared then that the solution 
m ight lie in a general improvement ill soil fertility rather than in direct 
applicat ions of commercial fertil izer. It was recognized that the use 

.' 

Fig. 9. Sweet clover green manure has resulted in increased yields of field beans. 
Experiments with green manure and stable manure are being conducted on the 
Horst and Reagh farms in Tuscola County. 

of fertilizers would occupy a key posItIOn in the soil improvement 
program. To test these ideas, experiments were started in 1934 which 
would furnish information as to the value of fertilizer, sweet clover 
green manure, and stable manure on the Brookston silt loam farm 
owned by John Horst, Akron, and the Miami silt loam farm owned 
by John Dilman, Cass City. The plats were so laid out as to give 
the effects of each of these materials alone and of various combinations 
of hvo materials and of all three materials. 

The data presented in Table 27 show that fertilizer alone was of no 
benefit on the Horst farm and that 0-16-0 alone did not increase the 
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yield on the Dilman farm. An application of 4-16-4 did apparently 
cause an increase in yield on the Dilman farm. Stable manure ap
plications were harmful on the Horst farm and beneficial on the Dilm,:n 
farm. The explanation for this is not apparent but it is known that In 

past years the Horst soil has received more of this material than has 
the Dilman soil. . 

Sweet clover green manure proved to be highly efficient in inC1-eas
ing the yields of beans. On both farms the green manure without 
fertilizer or stable manure caused increased yields and where it was 
plowed under in addition to fertilizer applications the yields were 
considerably greater than on the fertilized plats which received 1~0 
green manure. Furthermore, in all cases on the Horst farm and 111 

two out of three cases on the Dilman farm sweet clover green manure 
in addition to stable manure caused higher yields than did stable manure 
alone. In the one case on the Dilman farm where the condition was 
reversed, the difference in yield was only 0.7 bushel. 

Further experiments along this line were started in 1937 and. :vill 
be continued for several years. Perhaps the problem of fertIlIzer 
usaO'e for beans will be solved by applying fertilizers for preceding 
gre~n manure crops rather than for the bean crop itself. This seems 
even more likely when it is remembered that alfalfa and sweet clover 
are very responsive to commercial fertilizer applicat ions. The re
sponse of alfalfa to fertil izer applications has been discussed in various 
pu blica tions.l 

On the Ferden farm in 1936 it was found that an application of 250 
pounds of 4-16-4 fertilizer, applied for wheat in the fall of 1934, had 
caused a 32.9% increase in the gro'wth of sweet clover o,n May 21, t.he 
date of plowing. A fine crop of beans was grown on thiS field despIte 
the 1936 drought. 

DISCUSSION 

Fertilizer experiments with white pea beans were conducted each 
year from 1923 to 1937 and on two farms i 11 1921. During that period 
experiments were located on 57 farms in 18 counties. On many of 
the farms, the studies extended over a period of several years. In 
all, 10 different soil series were represented-Brookston, Conover, 
Fox, Hillsdale, Macomb, Miami, Napanee, Selkirk, Wanseon, and 
Wisner. 

From the data collected from such a large number of experiments 
over a period of 16 years it would seem a relatively simple matter to 
draw up definite recommendations regarding fertilizer practices for 
this crop. Because of the inconsistencies in yields encountered, how
ever, and the total lack of response of beans to fertilizers on many 
farms the task is difficult. 

Prior to 1930 these experiments were confined entirely to an effort 
to determine whether fertilizer was needed on different types of soil 
and to a comparison of different analyses on different soils under 

IMich. Agr. Exp. Sta. Quart. BuL, 13 (3) 116-118. 1930. 
Mich. Agr. Exp. Sta. Quart. BuL, 14 (1) 3-5. 1931. 
Mich. Agr. Exp. Sta. Quart. Bul., 16 (3) 191-196. 1933. 
Mich. Agr. Exp. Sta. Quart. BuL, 17 (3) 116-130. 1934. 
Mich. Cir. Bul. 154, 1936. 
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variable conditions. During that early work in which most of the 
fertilizers were applied broadcast and worked into the oil just before 
planting, the results ,vere not consis t ent. On some fields where a 
large number of plats were included in the tests, the cases of decreased 
yields were as numerous as the ca .. es 0 E increased yields. On a few 
farms the results indicated a definite but rather small benefit from the 
fertilizer applications. As a whole the results furnished little ground 
for recommending the use of fert ilizer for beans as a general practice, 
nor information as to which of several analyses should be used where it 
was felt fertilizer "i'as needed. 

From 1930 to 1933 inclusive a large number of experiments were 
conducted. The work was broadened to include fertilizer plowed under 
and drilled with the seed as well as the customary broadcast applica
tions. The plowing under of fertilizer gave no better results than did 
broadcasting it after plowing. There was very little evidence in favor 
of drilling small quantities of fertilizer with the seed. In fact, contact 
applications were in mall)' cases actually injurious, both to germination 
and to yields. 

In recent years there has been a tendency toward row rather than 
broadcast applications of fertilizer. Experiments have shown better 
results with several crops from such practices. This is probably due 
to the fact that when fertilizer is placed in bands close to the seed it 
is in close proximity to the roots of the plants and does not come in 
contact w ith much soil. When there is less contact between soil and 
fert ili zer there is less fixation of phosphate by the soil and more of 
the element remains in a form easily available to the plants. Further
more, the application of fertilizer in rows near the seed makes pos
sible the application of fertilizer and the planting of seed in one 
operation. It is desirable, then, from a standpoint of labor and con
sequent cost of production. 

Since the work from 1930 to 1933 had indicated that contact applica
tions were not desirable and little benefit had resulted from broadcast 
applications it was decided in 1934 to start a series of experiments on 
methods of fertilizer placement. Rate of application and fertilizer 
analysis studies were also included in the plans. As there was no drill 
available for applying fertilizer in the row, except in direct contact 
with the seed, the Bureau of Agricultural Engineering of the United 
States Department of Agriculture was asked to cooperate in these 
experiments. The Bureau constructed the necessary machine and co
operated with the Soils Section of the Michigan Agricultural Experi
ment Station in experiments 011 seven farms in 1934, four in 1935, three 
in 1936, and three in 1937. Crop failures were experienced on two 
farms during that time. 

During these experiments in fertilizer placement, fairly consistent 
illcreases in bean yields were obtained [rom 300-pound applications of 
4-16-4 fertilizer in bands on both sides of the seed, in a single band on 
one side of the seed, and in a sing-Ie hand under the seed. Analyses of 
the data show that on some fields the increases in yields were not 
significant but that on other fields significant increases resulted from 
the fertilizer treatments. When beans were a fair price the increases 
on many of the fields were more than sufficient to pay for the fertilizer. 
The data bring out the fact, however, that beans do not respond like 
most other crops to applications of plant nutrients in the form of 
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commercial fertilizers. On some of the same farms where these experi
ments have been located the yields of wheat, sugar beets, barley, oats, 
and alfalfa have often been increased as much as 50 per cent and have 
in many cases been doubled by applications of 250-300 pounds of fer
tilizer. Furthermore, the results from the other crops mentioned have 
been such as to make possible certain definite recommendations re
garding the best fertilizer analysis to apply under varying local con
ditions. This has been only vaguely possible in the case of white 
pea beans. 

Some of this difficulty is perhaps due to the extreme sensitivity of 
the crop to soil and climatic conditions. The latter, of course, cannot 
be controlled but it is possible to improve the chances of a successful 
crop greatly by properly selecting and fitting the soil. It is believed 
that soils low in organic matter content should be avoided in the pro
duction of this crop until steps have been taken to add such material 
to the soil through the application of stable manure or the plowing 
under of green manure. 

Beans are very sensitive to soil moisture conditions. Much can be 
done in the way of insuring the plants of a plentiful supply of moisture 
by plowing early and fitting a good seedbed. This is especially true 
when a green manure crop is to be plowed under. While it is often 
desirable to wait until a good crop of green manure can grow, it is a 
grave mistake to plan to plow late and then plant the beans immediately. 
The exact time which should elapse between the dates of plowing and 
planting depends on the seasonal conditions, the type of soil, and the 
quantity of vegetation to be plowed under. 

There is little doubt but what response of beans to fertilizers is 
often nullified by adverse weather conditions during the period of 
blooming and the setting of pods. It has generally been observed in the 
field that the plants on fertilized plats during the early part of the 
growing season made much better gro"wth than did those on the un
fertilized plats but that they failed to give correspondingly increased 
yields. Some investigators have voiced the opinion that this was due 
to moisture conditions and water requirements. Perhaps when the soil 
moisture content is low during the blooming period, the greater vege
tative growth on the fertilized plats causes a greater demand for water 
and there is not sufficient for a maximum set of pods . On the unfer
tilized plats, on the other hand, a smaller demand for water by the 
leaves of the smaller plants might allow a greater proportionate set 
of pods. An equalization of yields would then result despite the greater 
vegetative growth prior to the blooming period. The increased early 
growth resulting from fertilization has led many to place a false value 
on the benefits of fertilizing beans. 

It has been suggested that inasmuch as there seems to be so many 
factors other than nutrient supply "which limit bean production it 
may be better to put more effort on first correcting the other factors, 
insofar as possible, then to turn the attention to the question of fer
tilizer. It may be that in such a program fertilizers can be used to 
the greatest advantage by applying them on the grain and green 
manure crops which precede beans in the rotations. The results of 
experiments indicate that this is certainly true on those farms which 
are not equipped to apply the fertilizer in an advisable position in 
reI a tion to the seed. " ' . 
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CONCLUSIONS 

From 16 years of experimental data with fertilizers for white pea 
beans on 57 farms in 18 counties of the east-central part of Michigan 
it is possible to draw these conclusions: 

1. Broadcast applications of fertilizer for white pea beans resulted 
in no increases in yield or in increases which in most cases were 
too small to pay for the fertilizer applied. This condition was 
not changed by plowing under the broadcast fertilizer. 

2. The application of 75 pounds of fertilizer with the seed failed to 
produce increases in yield. Such application did, on the other 
hand, result in injuries to germination. 

3. The application of 300 pounds of 4-16-4 fertilizer in bands sep
ara te from, but close to, the seed caused significant increases in 
yield which were in many cases great enough to more than pay 
for the fertilizer applied. No spectacular increases in yield were 
obtained. 

4. Adverse weather conditions, particularly at blossom time, may 
largely nullify the advantages of fertilizer applications insofar 
as increased yields are concerned, even though growth of the 
bean vines may be considerably increased by the fertilizer, espe
cially in the earlier stages. 

5. Of the various methods of baml placement which were tried in 
the experiments, the ones most promising were: The placement 
of the fertilizer in a single band 1 Yz to 1 ~ inches below the seed, 
and in bands lYz inches out from the seed. In the applications 
at the side of the seed, a band on one side of the seed was as 
satisfactory as bands on both sides of the seed, and placing the 
bands deeper than the seed was more satisfactory than placing 
them on a level with the seed. 

6. The data show that applications greater than 300 pounds per 
acre were not economical. 

7. As a whole, applications of 0-16-8 gave better results, both from 
the standpoint of yield and economy, than did applications of 
0-16-0 or 4-16-8. 

8. In this bulletin results from 1,541 fertilized plats on 57 farms in 
18 counties of the main bean growing area of Michigan are con
sidered. In 371 of the 467 cases, or 79.4%, in which the fertilizer 
was applied in bands under or beside the seed, methods of ap
plication which gave best results, the yields were increased by 
one or more bushels over those from the unfertilized plats. Of 
the 1,074 plats on which fertilizer was applied by other methods, 
including those commonly used by farmers, only 598 or 56.60/0 
ga ve yields one bushel or more larger than the yields of the un
fertilized plats in the same field. 

9. The plowing under of sweet clover green manure for beans gave 
very good results on two different soils in 1935. This is in keep
ing with the idea that perhaps the best place to apply fertilizer 
for beans would be for the green manure crop preceding the 
beans rather than for the bean crop directly. This problem is 
being investigated further. 
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Table 1. The e ffect of fertilizers on the yield of beans on two fields in 1923. 

Fertilizer* 

0- 12- 0 .... . .. .. . .... ..... ... . ... ... . . ........ . 
0-1 2- 4 . .. .. . .. . . . .. .. ........... . ............ . 
3-] 2-0 ..... . ................... .. . . ..... ..... . 
3-12- 4 . ... , ............................ . ..... . 
3- 12- 4 .................... , .................. . 
3-]2-10 ..... .. ............................... . 
No fertilizer ..... . ..... . ........ . ... . ....... . .. . 

*All fertilizer applied broadcast . 

Pounds 
per Acre 

2.50 
250 
250 
2.'50 
500 
250 

Yield of Dry Beans in Bushels 
per Acre 

Brookston Soil 

Owen Farm 

14.4 
13 . 8 
15 . 0 
13.8 
13 . 8 

14.4 

Thurston Farm 

15.4 
19 . 8 
19 . 8 
19 . 8 

16 . 1 
18 . 3 

Table Z. The effect of fertilizers on the yield of beans on six fields in 1924. 

F ertilizer* 

0- 12- 0 . .. . .. ... . 
0- 12- 6 ....... . . . 
0- 12- 12 ... .. .. . 
4- 8- 0 ......... . 
4- 8- 6 ........ . . 
4- 8- 12 ........ . 
4-16-0 ..... . ... . 
4-16-6 . ... . . ... . 
4-16- 12 . ..... .. . 
4-12-0 .. .. .. . . . . 
4-12- 6 ... .. .... . 
4- 12-12 . . .. . ... . 
No fertilizer ** .. . . 
6-16-12 ........ . 
:~-24-6 .. . 
:3-24-12 . ..... . 
3-12-6 . . . . .... . 
6-24-6 ..... . .. . . 
:3- 8- 6 .. . . . 
0- 16-0 .... . . . 
0-16-0 . ..... . 
0-16- 0 ... .. . 
0- 45- 0 ... . . 

Pounds 
per Acre 

400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 

200 
200 
200 
200 
200 
400 
200 
:{OO 
400 
142 

*Fertilizer applied broadcast. 

Yield of Dry Beans in Bushels per Acre 

Brookston Soil 

Thurston Hillebrand Thompson 
Farm Farm Farm 

28 .. 5 
30.1 
30.7 
33 . 3 
28.1 
28.9 
32 . 7 
30 . 2 
31. 1 
31.1 
33.7 
3l. 8 
27 . 7 3.5. 7 

42 . 0 
42 . 0 
40 .2 
:{6 . I 
:3 6 . :~ 
30 .6 

;~8.4 
35.1 

14 .7 
14 . 1 
1.5 . 4 
12 . 0 
13. 0 
1l.8 
13 .6 

13.7 
13.7 

Napanee 
Soil 

Sachner 
Farm 

17.1 

23 . 0 

M i<Lmi Soil 

Olsen 
Farm 

20 .5 

24 . 3 

Parsons 
Farm 

28 . 1 
::'8 .3 
2.5.5 
30 . 4 
27.7 
24.0 
27 . 4 
26 . 8 
28 . 9 
21.9 
31.6 
29 .2 
24 . 8 

**The yields from the unfertI lized areas are averages from several systematically arranged plats . 

FERTILIZE: 

Table 3. The effect ( 

Fertilizer 

3-24- 6 . ... ... . ..... . 
3-24-12 ......... ... . 
3-12-6 ...... .. .. . ....... . . . 
6-16-12 .. ...... .... .. .... . . 
6-24-6 ................ . .. . . 
3- 8-6 . . . . ............... . 
0- 16-0 ........ ... .. ... ... . . 
0- 45- 0 . ... ...... . . .... . .. . 
]3- 48-0 .................. . . 
No fertilizer **** . .......... . 

Pounc 
per Ac 

200 
200 
200 
200 
200 
400 
!i62 
200 
200 

B .C.* refers to b roadcas t n,pplicn,tion 
D.** refers to ferti li7.er d l' ill ed with 

*** 400 pounds of O- IG- O and 142 
**** '1' 11(; y i,.; lds fro m t li e lillfertili ze 

Table 4. The effect of fertiliz{ 
1926, 1927, 

Fertilizer* 

0- 16- 0 ...... . ...... . 
0- 16- 5 ......... . 
0- 16- 10 ............. . 
0- 16-2 J ... .... . ..... . 
0- 16-40 . . ........ . 
0- 16- 0 . .... .. . .. . . 
0- 16-2 . .') ....... . . 
0- 16-5 .. ..... . ..... .. .. . ... . 
0- 16-10 ............. . ... ... . 
0- 16-20 ...... . ... . ............. . 
0- 16-0 ..... . ....... ........ .... . 
CaS04 . . .. . .......... . ......... . 
0- 16-0 . ....... ................ . 
Lime ............................. . 
7-16-20 ... . . ....... .. ............ . 
0- 16-20** } Green manure . . ....... .. .... . . .. . 
No fertilizer *** .................... . 

* All fertilizer applied broadcast . 
**On this plat sweet clover was seed, 

same year. This occurred once in 2 

***The yields from the unfertilized are 
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Table 3. The effect of fertilizers on the yield of beans in 1925. 

Fertilizer Pounds 
per Acre 

Yield of Dry Beans in Bush els per Acre 

Brookston Soil 

Thurston Johnson Hillebrand 3- ] 2-4 
Farm Farm Farm Fertilizer 

3- 24- 6 ..... . .... .... .. . .. . . 
3- 24- ] 2 .. . . . ..... . . . .... .. . 
3- 12- 6 ................... . . 
6- 16-12 . ................. . 
6- 24-6 ... . .... . .. . .... . .. . . 
3- 8- 6 ... . ........ . ....... . 
0- 16-0 . . .. ............. . . . 
0-45- 0 . . ... . ... .. ......... . 
]3-48- 0 ....... . ... . ... .. . . 
No fertilizer**** . . .. . .. . 

200 
200 
200 
200 
200 
400 
!i62 
200 
200 

B . C .* 

26.6 
26 . 7 
24 . 9 
26. :1 
2!i . L 
27 . 1 
24 . 8 
27 . !i 
26. :3 
25 . 2 

B .C. * refe rs to bro[Ldcast application of ferti lizer. 
1> .** refers to ferti li7.er dri lleu with t il e seed . 

B . C. 

22 . 1 
20 . 0 
Hl . O 

22 . 0 
n.2 
21. 2* ** 

18 . 5 

B. C. 

23 . 7 
24.8 
]9 . 2 
20 . 3 
23 . 6 
24 .4 
22 . 5 
19 . :1 
29 . 6 
l\J. 6 

*** 400 pounds of 0 - 16- 0 and 142 pOl ll UJS of 0- ·\:;- 0 per ac re respec l iv(·l.\" . 
**** Tlte yi('l d s frnlll the llllfe rti lized a. 1\ ~ as are OLveriLg-es fro lll two plats . 

lbs. lbs . 
D** B .C . 

100 0 
100 2.')0 
100 ,')00 

o 2:")0 
o 500 

200 0 
200 250 
200 500 
1'\0 
ferti li7.er 

Hunt 
}i'arm 

26.1 
26 . 7 
24 . 3 
25 . 8 
24 . 9 
30.0 
29 . 1 
:~O . 8 
25.8 

27 

Table 4. The effect of fertilizers on the yield of beans on the Ferden Farm in 
1926, 1927, and 1929. Macomb loam soil. 

Fertilize r* 

0- 16- 0 ......... . 
0- 16- 5 . . . .. .... . 
0- 16- 10 . . . 
0- 16- 2J . 
0- 16- 40 . .., 
0- 16- 0 . . .. . 
0- 16- 2 . 5 . . . 
0- 16- 5. . . . ........... .. . . 
0- 16-10 . ....... ........ .. . . 
0- 16- 20 . .... . .. . . . .... .. .. . ... . . 
0- ] 6- 0 . . . . . . . . . . . . . . . . .. ....... . . . . 
CaSOL . ............. .. ............. . 
0- 16-0 . .. .......... . ............ . .. . 
Lime . . ... . .... . . ... . . . ........ . . . 
7- 16- 20 . .... . .... . .... .. .. . . . ... . .. . 

~-r~~;2~*:nure } .............. ... .... . . 
No fertilizer*** ..... .. ........ . . . ..... . 

* All fertilizer applied bro[Ldcast. 

Pounds 
per Ac re 

2!i0 
2!iO 
2.')0 
2.')0 
250 
500 
!i00 
.'500 
.'500 

ggg l 100 
500 

4000 
500 
500 

Yield of Dry Beans in Bush els per Acre 

1926 

]7 . 7 
2!i . 4 
25 . 3 
24.9 
26.7 
23 . 4 
22.1 
21.6 
28 . 1 
27 . 2 
27.9 

28 . 4 
27 . 8 
24 . 9 
23.5 

1927 

20 . .') 
27.fi 
2;"5 . 3 
24 . 7 
24 . 1 
2:") .4 
26 !i 
27.9 
31. () 
28.3 
21.3 

26 . 0 
27 . 9 
22 . 2 
24 . 1 

1929 

]8.0 
20 . 4 
19 . 7 
18 .4 
18 . .') 
19 . 3 
2l.4 
23 . 1 
23 . 9 
21.2 

21.2 

23 . 2 
23 . 1 
24 . 2 
19.0 

Avemge 

]R.7 
24. : .... 
23 . 4 
22 . 7 
23 . 1 
22 . 7 
23 . 3 
2.') . 2 
27 . 9 
25.6 
23 . 5 

25 . 9 
26 . 3 
23.8 
22.2 

**On this plat sweet clover was seeded ,"vith oa ts or barley, and was plowed under for wheat that 
same year. This occurred once in a four-year rotation. 

***The yi elds from the unfertili zed areas are avemges from several sys tematically armnged plats. 
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Table s. The e ffect of fertilizers on the yield of beans on three fields in 1927. 

Yield of Dry Beans in Bush els per Acre 

Pounds Napa,nee Mia,mi Hillsdale F ertilizer* per Acre Silt Loam Silt Loam Sandy Loam 

0- 16- 0 ................ . .. . . . ..... . ... . . . 2 .'50 
0-16-0 ....... . .. . ........ . . . ........... . 500 
0-16--4 .. . . .. . ... . . . .. . ...... . ....... . .. . 250 
0-16- 4 .... . ... ... .. .. ..... . ............ . 500 
0- 16- 8 . ....... .. ........... . ........... . 250 
0-16- 8 . .. . . .... ... ... . ........ . ....... . 500 
4-16--8 . . . . .......... . ........ . ......... . 250 
8- 16-8 .. ... . . ... ... ... ................. . 250 
2-16-4 . . . .......... . ...... . ......... . .. . 500 
4-16--4 . .... . . ... .. . ........ . ... . ...... . . 500 
Green manure ......................... . . 

250 

12 , 000 
~-;'~~~Omanure } . .. ... . .. . ............ .. . 
Manure ... . . .. . .. . .............. . . . .. . . . 

2M 1 12, 000 
250 

4, 000 

0-16-0 . . .. .. . ....... . ............... . .. . 
Manure . . . . . . ............ . ..... . ....... . 
0- 16- 4 . .. . . ........ . ....... . ........... . 
Limestone . . ........ . . .... .. ............ . 
No fertil izer** . ... . .. . . .... . ..... . ....... . 
0-10-0 . . . . . . . . . . . ..... . .......... . . 400 
4- 10-0 ... . ..... . ....... . ...... . 400 
4- 10-1 2 ........... . 400 
4- 0- 0 ... . . . .. . . ... . 400 
4- 0-1 2 . . .... . .. .. .. . .. . 400 
0- 0-12 . .. .. ............ . 400 
0-10-1 2 .. . . . . . . . . . . . . . .... . . . .. . 400 
0-10-0 .. . . ..... . ..... . .. .. . . .. . .... . . 400 l 

100 f 
4, 000 

Sulfur .. .. . ........ . ................ . ... . 
Limestone . . . . .. . . . .. . ...... . ........... . 

- -----
Lather 
F arm 

8 . 4 
11. 5 

9 . 7 
12 . 9 
10 . 9 

9 . 4 
13. 1 
11. 0 

9 . 9 
10 .4 
12 . 9 
11. 9 

13 . 0 

15 .3 

10 . 3 

10 . 6 

Green 
F arm 

12 . 9 
14 . G 
19 . 1 
2 ~ . 3 
13 . 1 
Hi . 7 
] 3 . 9 
16 . 4 
14 . 6 

13 . 1 

Tanner 
Farm 

12 . 3 
11. 8 
12 . 2 
16 . 9 
12 . G 
1!i !i 
] 3 0 
] 3 . 7 
10 . 8 
12 2 

*All fertilizer applied broadcas t . All fertili zed plats on the Mia mi and Hillsd ale soil s receiv ed a. 
uniform application of 2 tons of ground limes tone per ae re. 

**The yields from the unfertilized areas a re averages from several system atically arranged plats . 

Table 6. The ~ffect of fertilizers on the y ield of beans on the 
Heckroth Farm in 1928. Wisner silt loam soil. 

Fertllizer* 

4- 0-0 ... . . ......... . . . 
4- 0-8 . . .... . ... .. .... . 
4- 8- 8 . ... .. .. ... ..... . 
4-16-8 . ...... . . .. ..... . 
4- 16- 8 ... ... . .... . . ... . 
4- 32-8 .. .. . , .. . .. . .... . 
2- 16-8 ... ... . ... . . .. . . . 
2-16-8 .. . ... . ... .. . ... . 
0-16-0 ... . . . . .. . .. . ... . 
0-16-8 . . .. . . . . .. . . . . . . . 
No fertilizer*** . . . .. ... . 
8-16- 8 .. .. ..... .. .. . . . . 
0- 0-8 .. ... ....... . ... . 
4-16-0 . . . . ... . ....... . . 
4-16--4 . ... . . ... .. . .. . . . 
4--16--4 ....... . .. ... . . . . 

4-16--8 1 50 1bs. MnCh ... . . . .. . 
4-16-8 
50 Ibs. MgCh . .. . .. .. . 
4-16-16 . ..... . . , . .. . .. . 

Pounds 
per Acre 

250 
250 
2.'50 
250 
500 
250 
250 
500 
250 
250 

250 
250 
250 
250 
500 
250 

250 

250 

*Fertilizer applied broadcast . 

Yield ot 
Dry 

Beans 
in B ushels 
per Acre 

16 . 0 
16 . fl 
Hl.8 
16 . 0 
12. 7 
23 . 6 
17 . 9 
2 1. 9 
16 . 0 
13 . 2 
10 .1 
17 .4 
14 .6 
16 . 0 
19 . 8 
21.2 

21. 7 

18 . 8 

2 1. 7 

• *Applied with grain drill , all holes running. 

Fertili zer** 

1- 10- 3 ............ . ... . 
0- 20- 0 ................ . 
2- 16- 8 ..... . .......... . 

2- 16- 8 ............ . .. . . 
4-16--4 ... . ... . .. . ..... . 
4- 16-4 .... . ... . ... . .. . . 
4- 16- 8 ...... .. ........ . 
4-16- 8 .. . ..... . ....... . 

P ounds 
per Acre 

125 
12;' 
125 

220 
12.'5 
220 
125 
220 

Y ield of 
Dry 

Bean s 
in BURh eis 
per Acre 

15 . 2 
17 . 9 
15 . 6 

18 . 9 
18 . 9 
16 . 5 
16.0 
10 . 9 

***The yields from the unfertilized areas are averages from several system atically ar ranged pla ts . 

FERTILIZER 

Table 7. The effect of fertiliz 

Fertilizer * 

4- 8- 4 ... . . .......... . 
4- 12- 4 . .............. . 
4- 16- 0 .... . ........ . . . 
4--16--4 . . ............. . 
4--16- 4 . ...... . ....... . 
4-16- 4 .. . . . . ........ , . 
4-16-8 ... . ... . ... ... . . 
4--16-16 • ... . .... . . .. .. 
4- 16- 32 .. ....... '" . " 
8- 16- 16 . . . . . ....... .. . 
8- 16- 32 . .. .... , .... . . . 
0- 16-0 . .. . ..... . ..... . 
0- "16-0 ............ " .. 
0- 16-0 ............... . 
0- 16-8 . . . ....... . .. . . . 
0- 16- 16 ....... . ...... . 
0- 16- 16 .. . . .. . . . ... . . . 
0- 16- 16 .............. . 
N o fertili zer** ........ . 

Pounds Bra 
per 

Acre 

400 
400 
400 
200 
400 
600 
400 
400 
400 
400 
400 
200 
400 
600 
400 
200 
400 
600 

Brae 
Far 

19. 
20 . 

22 . 
21. 
22. 
21. 
21. 

16. 
19. 
19 . 
2 l. 

2l. 

18 . 

*A11 fe r t il izer applied broadcas t excel 
where 50 pounds of 2- 12- 6 was drille 

**The y ields f rom the unferti lized areaE 

Table 8. The effect of fertili, 
from 1930 t 

F ertili zer* Pounds 
per Acn 

0- 16--0 . . . . . . .. .... .... . . . .. 250 
2-16-2 .. . . . ... .. . . . . . . . . .. . 2.50 
2-12-6 .. . . . . . . . . . . . . . . . . . . . 250 
4-16-4 .. . . ..... . .. .. ...... . 250 
4-12--4. . . . .. . . . . . . .. .. .. . .. 250 
No fertilizer ..... . ..... . ... . 

*The fertilizer was applied through a' 
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Table 7. The effect of fertilizers on the yield of beans on five fields in 1929. 

Yield of Dry Beans in Bushels per Acre 

Pounds Brookston Soil SelJdrk Soil M iami Soil Fox Soil 
Fertilizer* p er 

Acre 

Brooks Sturm Hunter Farm Pearson Farm B rown 
Farm Farm Farm 

Series 1 SeJies 2 Series 1 Series 2 
-------------------- - --- ----

4- 8- 4 . .... ... . ....... 400 19 . 8 21. 0 4.3 6.7 7.1 
4- 12- 4 ................ 400 20.0 20.7 8 . 0 10.7 3.0 4.7 5 . 4 
4-16- 0 ....... . . .. .. . .. 400 20.0 11 . 3 14 . 7 6 . 0 8 . 8 4 .1 
4-16-4 ..... . ..... . ... . 200 22.7 12 . 3 13.0 
4-16- 4 ... ..... , .. ... .. 400 21.1 17.5 12 . 3 10.7 5 . 4 6 . 8 6 .3 
4-16- 4 .. .... .......... 600 22.2 13.3 17 . 0 
4-16-8 ........ .. ..... . 400 21. 8 22 . 7 11. 7 12.7 3 . 7 8 . 0 4 . 7 
4-16-16 •..... ... .... .. 400 21.1 18 .5 11.0 14.0 6 . 1 5.6 5 . 8 
4-16-32 . . .... . .... , . , . 400 18.4 4.9 
8-16-16 . . . . . . ... ..... . 400 3 . 4 
8-16-32 .... . . ... . ..... 400 5 . 4 
0- 16- 0 ... . ... . ... ..... 200 16.5 13 . 0 11. 7 
0- 16-0 .. . ....... , ..... 400 19 .8 19 .3 9.5 10.9 7 . 6 7 . 7 4 . 7 
0- 16-0 . . .............. 600 HI .2 
0- 16-8 . ............ .. . 400 21.0 18 . 0 11 .3 11.0 4.6 7 . 0 3 . 7 
0- 16- 16 . . ..... . . .. . ... 200 13 . 7 13.0 8.7 9 . 0 
0- 16- 16 .. . ... . ........ 400 21. 8 20 . 0 10.0 11 . 7 4 . 6 
0- 16- 16 . ... ...... ..... 600 11.0 17 . 3 
No fertilizer** . .. ..... . 18 .6 14.0 8.8 9 . 5 9.6 6.3 

*All fert il izer applied broadcast except in the case of Series 2 on th e Hunter a nd Pearson farms 
where 50 pounds of 2-12- 6 was drilled with the seed in add ition to the b roadcas t treatment. 

**The yields from the unfertili zed areas are averages from several system aticall y arranged p lats. 

Table 8. The effect of fe'r tilizer s on the yield of beans on the Reagh Farm 
from 1930 to 1934. Miami silt loam soil. 

Yield of Dry Beans in Bushels per Acre 

Fertilizer* Pounds 
p er Acre 1934 

1930 1931 1933 
Field 2 Field 8 

0- 16-0 . . ....... . .... . . . .... 250 17.8 9 . 7 ]2 . 8 17 . 1 
2-16-2 ................ . .... 2.50 18 . 3 10.4 18.7 16 . 3 
2-12-6 .... .. ... .... . . , ..... 250 11 . 7 19 .5 18.3 15 . 9 
4-16-4 . .. .................. 250 ]1.4 18 . 2 16.9 16 .3 
4-12-4 .................... . 250 12 . 9 16.8 17.2 
No fertilizer ...... .. ... . .... 16.8 9.7 1l.9 14.1 

*The fertilizer was applied through all holes in the grain drill at the time of p lanting. 
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Table 9. The effect of fertilizers on the yield of beans on the Geyer Farm 
from 1930 to 1932. Brookston silt loam soil. 

Pounds 
p er Acre 

Yield of Dry Beans in Bushels 
per Acre 

F e rtilizer * 

0- 20- 0 . ........ . .. . . .. ....................... . . . 2.')0 
2- 12- 6 .......... .. .......... .. ... . ...... . ..... . . 2.')0 
4- 16- 4 .. . .......... . . ....... ....... . .. . . 2.50 
4-16- 8 .. .. .... . .... . . . . . ..... . . .. .. ..... . . ..... . 2.50 
4- 12- 4 . ....... . ... . ... .. . ............ . . ..... . .. . 2.')0 
0- 20- 20 ................ . ........ . . 250 
N o fertilizer . . . . . . . . . . . . .. . .... .. ... . ... . . 

1930 

26.2 
26 . 8 
26 . 5 

28. 3 

1931 1932 

22 . 6 
28 . 3 
22 . 7 
32.0 
23 . 0 

40.1 
39.5 
38.0 

38 . 3 

*A 200-pound portion of the fertilizer wa s n,ppli ed broadcas t and the remainder w as drilled with the 
seed . 

Table 10. The effect of fertilizers on the yield of beans on four fields 
not adapted to bean production. 1930. 

Y ield of Dry B ean s in Bush els p er Acre 

Mi a mi Soil Hill sdale Soil 
Pound s 

Ferti lizer p e r 1--------------------------------1--------·---------------
Ac re 

l\1arr Farm Aseltine Farm 

P. U . B. C .D. 
** B . C .* B . C . 

Tanne r 
Fa,rrrl 

B . C . 

Wilde Farm 

B . C. P . U . 

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

No tertilizer*** ....... 3 . 6 2 . 7 
0- 16- 0 ..... 400 2 . 3 2 . 2 
0- 16- 8 ........ ... .... 400 4 . 0 4 . 8 3 .. 5 2.2 
0- 16- 16 .. ... . . 600 2.3 3 . 0 
4- 8- 4 ... . . . ... . ... .. . 400 5 . 2 G . . 5 
4- 12- 4 ..... 400 6 . 8 G.G 
4- 16- 8 . . . 400 6 . 2 9 .9 2 . 0 3.0 
4- 10- 12 ..... . .... ..... 

*B. C .--Fertilize r applied broadcas t ; P . U .--F ertili zer plowed unde r . 
* *B. C. D .--R eg ul ar uroad cas t applicatioll plu s 50 lbs. 2- 16- 6 with seed . 

5. 2 2.1 
2 . 4 l. 3 
l.9 2 . 2 

. 7 l.6 
4 .9 

***The y ields f!'Om the lI11ferlili zerl a reas a r e aver ages from several systematically arranged plats. 
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Table 11 . The effect of fertilizers on the yield of beans on five fields adapted to bean production. 1930. 

Fertilizer 
Pounds 

per 
Acre 

i\ Iellinger Farm 

B .C.* I P.U.** 

Brookston Soil 

McSweyn Farm 

B.C. B.C.D . B.C. 
*** 

Yield of Dry Beans in Bushels per Acre 

Selkirk Soil 

Bauer Farm Hunter Farm 

P.U. B.C.D. I P.U.D .tl B.C. B.C.D. B.C. 

Wauseon Soil 

Banghart Farm 

P.U. B .C. I P.U. 
S.D.tt S.D. 

1 ____ 1 _ ___ 1 _ ___ 1 ____ 1 ____ 1 ____ 1 _ ___ 1 ____ 1 ____ 1 ____ 1 ____ 1 ____ 1 ____ • ___ _ 

No fertilizerttt 9 . 4 
0-16-0 ... . ... 400 10 . 0 10 .5 
0-16-8 .. .. . • . 400 12 . 6 12 . 5 
0-16-16 ... ... 200 
0-16-16 .. . .. . 400 
0-16-16 . .... . 600 
4-16-0 .. . . ... 400 
4- 8-4 .. .. .. . 400 
4-12-4 . .... . . 400 
4-16-4 . .. . . . . 200 
4-16-4 .... . . . 400 
4-16-4 ... . .. . 600 
4-16-8 ... . .. . 200 11. :3 11 . 9 
4-16-8 ....... 400 13 .3 13 . 6 

*B.C. -Fertilizer applied broadcast. 
**P.U. -Fertilizer plowed under. 

5 .0 15 .3 
.'i . !) 5.7 17.9 18 .7 
7 .7 4.9 15 . 9 19 . 0 

8 .2 6 .3 
7 . 0 5 . 1 

7 . 0 4 . 6 

18.6 16 . 2 
9 . 6 10 . 2 15 . 6 18.5 

***B.C.D.-Regular broadcast application plus 50 pounds 2-12-6 with seed. 
tP.U.D.-Regular plowed-under application plus 50 pounds 2-]2-6 with seed. 

ttS.D. -Side dressed with 100 pounds 4-16-8. 

16 . 6 18 .3 
17 . 4 19 .0 

16 .1 18 . 1 
16.2 16 . 2 

tttThe yields from the unfertilized areas are averages from several systematically arranged plats. 

8.8 9.5 6.6 
9.6 10 . 9 9 .5 8.3 9 .7 7.6 

11 .3 11 . 0 10 . 1 9.7 8.1 9 . 0 
13.7 13 . 0 
10 . 0 11 .7 
11 . 0 17.3 
11.3 14 .7 
9.3 
8.0 10.7 

12.3 13 . 0 
12.3 10.7 
13.3 17.0 

11.7 12 . 7 
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Fertilizer 

No fertilizertt . .. ...... 
0-12-0 . ............... 
0-16-0 ... ... . ....... " 
0-16-4 . ............... 
0-16-S ................ 
2-16-8 . .. ....... . . .... 
4-16-S ... . .. . ..... . ... 
4-16-8 . . .............. 
4- 8-4 ........... .. ... 
4- 8-8 . ....... .. ...... 
4-12-8 .. . .... .. ...... . 
4-12-4 .... .. ........ . . 
4-16-4 .. .... ... .... . .. 

Table 12. The effect of fertilizers on the y ield of beans on nine fields in 1931. 

Brookston Soil 

Pounds 
per I Mellinger 

Acre Farm 
Bauer 
Farm 

Marr 
Farm 

Yield of Dry Beans in Bushels per Acre 

Miami Soil Wauseon Soil 

Bosworth I Clark 
Farm Farm Bauer Farm Banghart 

Farm 

Selkirk Soil 

Hunter Farm 

Hills
dale 
Soil 

~ 
.:: 
~s 
OJ-, 
J-,ol 
P=i~ 

~1~lql~lql~lql~lqlql~lel~lql~lql~lel~lq 
P=i ~ P=i P=i P=i ~ P=i ~ P=i P=i ~ P=i ~ ~ ~ ~ ~ ~ ~ ~ 

1 __ 1 __ 1 __ 1 __ 1 __ 1 __ 1 __ 1 __ 1 __ 1 __ 1 __ 1 __ 1 __ 1 __ 1 __ 1 __ 1 __ 1 __ 1 __ 1 __ 

7.7 24 .9 -17.s 4 . S 4 .7 25 .2 ==1 13.2 12 . 9 __ I 5.5 
400 24.3 24.4 -- 7 . 1 4.6 
400 8.1 9 .2 27 .3 26.4 10 . 6 10 . S 3.9 5.9 6 . 6 32.5 36.3 33 . S 32.2 14 . 0 16.7 16 .4 15 . 1 19 . 7 10 . 1 5 . S 
400 2S .2 24.9 .').2 5 . 6 
400 9 . 6 8.3 25.6 26.7 7 . 7 22.7 5 .5 4.4 2.4 34.1 36.1 33.1 25.S 12 . 1 14.1 10.0 12.4 10 . 2 21.6 5 . 0 
400 23 . 1 23.2 2.3 5 .2 
200 9.2 10 . 9 9.7 .'i.,'i 3.7 6.5 30 .. 5 36.4 27.3 29.9 14 . 9 11. 8 22 .7 25.7 24.4 19.3 
400 10 .5 9.5 21. 6 26.0 9 . 9 9.S 4.0 6.2 6.0 33.6 35.3 30.9 34 .0 16.4 16.4 9 . 4 11. 1 11. 6 11.4 4 .9 
400 21.3 22.1 3.9 4.5 
400 25 . 0 23.5 2 . 9 3.7 
400 O.!) 6.1 
400 22 . 2 24 .5 4 . 1 2.9 
250 28 . 3 27 . 7 4.4 5.2 

*B.C. -Fertilizer applied broadcast. 
**P.U. -Fertilizer plowed under. 

***B.C.D.-Regular broadcast application plus 50 pounds 2-12-6 with seed , except in the case of the H unter farm where 2-16-2 replaced the 2-12-6. 
tP.U.D .-Regular plowed-under application plus .'i0 pounds 2-12-6 with seed except in the case of the Hunter farm where 2-16-2 replaced the 2-12-6. 

ttThe yields from the unfertilized areas are averages from several systematically arranged plats . 

T able 13. The e ffect of fertilizers on the stand of beans on six fields in 1931. 

Number of Plants per 2 Rods of Row 

Brookston Soil " 'auseon Soil Miami Soil Selkirk Soil 

Pounds 
Fertilizer per Mellinger Farm M. Bauer A. Bauer Farm ]'darr Farm Clark Hunter Farm Acre Farm Farm 
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Fertilizer 
Pounds 

per 
Acre 

Table 13. The effect of fertilizers on the s tand of beans on six fields in 1931. 

Brookston Soil 

M ellinger F arm M. Bauer 
F<1rm 

Number of Plant s per 2 Rods of Row 

Vi1auseon Soil Miami Soil 

A . Bauer Farm ~I arr F arm Clark 
Farm 

Selkirk Soil 

Hunter F arm 

~ ,51 ~ I ~ 1 ~ 1 ~ 151 ~ I ~ i 51 ~ I ~ I ~ I ~ I ~ 1 ~ lsi ~ i 01 ~ I ~ 1 e I ~ I ~ ,I ~ o ~ 0 ~ 0 ~ ~ 0 ~ ~ 0 ~ ~ 0 ~ 0 ~ 0 ~ 0 ~ ~ 0 ~ ~ 
---------1----·'--,--,--,--,--,--,--,--,--,--,--,--,--,--,--,--,--,--,--,--,--,--.--.--.--

0-16- 0 ............ . 400 14:3 143 156 123 172 
0-16-8 ... . . . ....... 400 140 140 144 137 169 
4-16-8 . ....... . .... 400 141 142 150 141 130 
4-16-8 ...... . ...... 200 141 160 133 137 
0-16-4 ............. 400 177 
4-16-4 ............ . 400 149 
4-12-4 ............. 400 164 
4- 8-4 ............. 400 -1 163 
4- 8-8 . ............ 400 - 194 
4-12- 8 . ......... . .. 400 - 169 
2-16-8 . .... . ....... 400 - 172 

*CK. - Stand on an adjoining unfertilized plat. 
**B.C. -Fertilizer applied broadcast. 

***P.U . -Fertilizer plowed under. 

153 1271 141 112 107 126 146 
163 153 160 127 117 152 102 
147 141 153 110 114 138 113 

- 176 128 124 136 135 
177 141 
1.').5 133 
155 158 
145 159 
174 149 
16] 155 
154 158 

96 9,') 11 5 1.'il 117 66 

8°1 
68

1 

7°1 "I ~; i 
67

1 

84 13.') 99 122 133 166 133 62 47 4.') 78 
104 149 1.51 141 139 122 140 7.'5 .'57 42 66 59 
III 130 133 142 138 78 62 44 72 70 

14] 62 
116 73 
138 75 
109 112 

94 112 
106 11.') 
140 140 

tB.C.D .-Regular broadcast application plus 50 pounds 2-16-6 with seed except in the case of the Hunter farm where 2-16-2 replaced the 2-12-6. 
ttP.U.D .-Regular plowed-under application plus 50 pounds 2-12- 6 with seed, except in the case of the H unter farm where 2- 16-2 replaced the 2-12- 0. 

58 
57 
48 
51 

~ 
trJ 
~ 
~ 
~ 

r-' 
~ 

N 
trJ 
~ 
{f) 

~ 
o 
~ 

~ 
~ 
~ 

~ 
trJ 
l-cj 
trJ 
>
to 
trJ 
>
Z 
{f) 

w 
w 



Fertili zer 

Table 14. The effect of fertilizers on the yield of beans on seven fields in 1932. 

Pounds 
per 

Acre 
Allen Farm 

Brookston Soil 

l\Iontey 
F arm 

Yield of Dry Beans in Bushels per Acre 

Trieber 
F arm Bosworth F arm 

l\Iiami Soil 

Raubinger 
Farm 

~ourse 
F arm 

Hillsdale Soil 

Pierson 
Farm 

B p. I p*r I S!~:; I B .C. I CI\: . I B .C. I C K. I B. C. I P .D . I CK. I B .C. I CK. I B .C. I CK. I B .C. I CK. 

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

0- 0-4 . . . .. ... .... ... .... . . . 200 26 .9 2.5 . 7 2.5.3 27 . .5 240.1 26 .0 26 .0 20 . 8 24 .7 2.5 . 6 13 .3 12.4 
0-16-0 . . . . . .. . . .. ..... . ... . . 100 28 .0 28 .5 29 . 0 25 . 0 24 .9 2;5 . 6 27 . 6 28.2 23 . 4 21 .0 16 .5 12 . 4 
0-16-0 .... : . . ..... . . . .... ... 200 26 . 8 2.'5 . 9 26 .0 28 . 6 24 . 0 26 .0 23.4 19 . 3 23 . 0 ]8 . 8 16 . 8 14 . 0 
0-16-4 . . . .. . ... .... . . . . . .... 100 29 .5 27 . 1 23.2 27 .3 23 . 4 26.2 28.7 24 . 4 22.4 22 . 6 10 . 9 10 . 8 
0-16-4 . . . . ... .. ... . . . . .. .. .. 200 23.7 14 . 6 27 . 6 29.1 24 . . 5 25 . 0 23 .0 24.7 28 . 0 2.'5 . 6 15 . 7 13.6 
2-16-0 . ... . . . . .. . . . .. . . .. . .. 100 26 . 6 22.1 23.4 30.7 24 . 2 27 .3 26.0 23.4 21.1 23. 0 18 . 0 14.4 
2-16-0 .. . ... ..... . . . . .... . .. 200 16 .5 21.2 20 . 0 31. 1 27 . . 5 2.'5 . 2 27 . 1 2l.0 23 . 3 22 . . 5 15 . 3 12.6 
:4- u-u .. . ... . . . . . . . . . . . . .. . . 200 15. 0 10 . 5 1.5 . 0 28 . 7 23 . 8 26 . 4 28 . 7 20 .7 2.5 . 3 23 .8 16.7 1,5. 5 
2-16-4 . ... . .... . . . . . .... .. .. 100 28.4 2.'5.1 24 . 2 3l.7 24 . 9 26 . 2 2.5 . 8 20 .7 26 . 9 2.5.9 16 . 7 13 . . 5 
2-16-4 . . . ... . . .. .. .. .. . . . . .. 200 17 . 3 23 . 8 20 .9 2S . 6 19 .5 20 . 2 2.'5 . 1 18.6 2l. 8 18 . 2 15 .9 13.2 
4-16- 8 .. .. . .. .. .. . . .... ... . . 200 29 . 8 30.0 27.3 29 . 2 27 .3 28 .5 30 .4 25. 5 26.2 24 . 5 14.6 15 . 7 

*B.C.-Fertilizer applied broadcast. 
**P.U.-Fertilizer plowed under . 

***C K. - Yield of an adjoining unfertilized plat . 

Table 15. The effect of fertilizers on the stand of beans on seven fields in 1932. 

Fertilizer 
Pounds 

per 
Acre 

Allen Farm 

Brookston Soil 

Montey 
Farm 

Number ot Plants per Rod of Row 

Trieber 
Farm Bosworth Farm 

l\Iiami Soil 

R aubinger 
Farm 

CK. B.C. P.U. I CK. I B .C. I CK. I B .C . 
* ** ** * 

CE:. 1 B .C . I P. U. I CK. I B .C. 

18 . 3 14.4 
13 . 8 17 . 8 
17 . 5 16 . 8 
17 . 1 18 . 6 
18 . 0 20 . 4 
19 . 0 17 . 0 
17 . 1 18.6 
17.0 17 . 8 
14 . 8 17 . 4 
17 .8 17.1 
1.5 . 3 17 . 8 

Nourse 
Farm 

27 . 0 25 .5 
26 . 4 32.9 
23 .2 27.7 
24.7 24.4 
14 .4 26 . 9 
2.5 . 1 26 . 3 
18.4 27.7 
26 . 7 23 . 1 
22.9 28.6 
15.8 17 . 3 
30.3 31.3 

Hillsdale Soil 

Pierson 
Farm 

CK. I B .C. I C K. I B .C. 
--- ----------1----,---,--- ,---,---,-- - ,---,--- ,---,- --' ___ ' ___ ' ___ , ___ , ___ , _ _ _ , __ _ 
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Table 15. The effect of fertilizers o n the stand of beans on seven fields in 1932. 

Brookston Soil 
Pounds 

Fertilizer per 
Acre Montey Allen F arm Farm 

CK. B .C. 
* ** 

------

0- 0-4 ....... ............ ... 200 79 
0-16-0 .. .. .. ..... .... . . .. ... 100 74 
0-16-0 ...................... 200 80 
0-16-4 . . ............... . ... . 100 87 
0-16-4 .............. . ....... 200 75 
2-16-0 . . . .. . .. .. ... ..... .... 100 71=1 
2-16-0 . ............... . ..... 200 79 
2- 0-0 ......... ........ ..... 200 7.5 
2-16-4 ...................... 100 77 
2-16-4 ...... " ............ . . 200 78 
4-16-8 . ..................... 200 78 
-------~--

*CK.-Stand of an adjoining unfertilized plat. 
**B.C.-Fertilizer applied broadcast. 

***P .U.-Fertilizer plowed under. 

84 
81 
8·3 
81 
8.3 
86 
88 
86 
86 
84 
79 

P.U. CK. B .C. 
*** 

---------

84 46 50 
84 47 54 
8.3 43 52 
79 31=1 53 
83 37 51 
81 42 54 
78 .51 49 
87 38 51 
8.'i 41=1 56 
86 47 49 
84 46 51 

Number of Plants per Rod of Row 

Miami Soil 

Trieber Raubinger 
Farm Bosworth Farm Farm 

CK. B.C. CK. B .C. P .li. CK. B .C. 

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

58 51 48 53 38 43 46 
53 56 49 49 44 44 45 
64 57 49 .'j9 39 42 46 
51 50 47 .53 37 46 46 
63 57 43 53 37 42 41 
48 52 50 49 42 45 43 
50 .51 44 50 34 47 44 
53 53 46 .'53 31=1 43 48 
56 53 51 50 46 48 48 
54 5.=) 41 47 39 44 48 
59 58 55 48 36 55 38 

Nourse 
Farm 

CK. B.C. 

------

62 68 
65 .51 
62 58 
68 60 
64 68 
56 6.5 
64 70 
58 67 
63 62 
62 64 
58 56 

Hillsdale Soil 

Pierson 
Farm 

C K. B.C. 

--- ---
37 32 
38 35 
38 35 
39 36 
36 28 
32 32 
38 33 
50 51 
33 38 
26 31 
37 35 
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Table 16. The effect of fertilizers on the yield of beans on eight fields in 1933. 

Fertilizer 

No fertilizer . ... ..... .. ...... .... . .. . . . .. .. . . ... . 
2 -2-0 . .. . ... . .......... . . ... ... . .. . . ... .. . . .. . 
2-16--0 . . .. . . . .... . .. . .. .. . . . . . . . .. . . . .... . . . . . . 
No fertilizer .. . ... . . .. . .. ... . ...... .... .. .. . .... . 
2-16-4 .... . ... . ... . .. . . ... ... ... . . . .. .. . . . . ... . 
0-16--4 ... .. . .. .. ... . .. . . . .. ...... . . ... . .. . . .. . . 
No fertilizer . .. . .. .. . . . . . ... .... . . . . . . ...... . . . . . 
0- 0-4 . . ... . . . . .. . . .. . .. .. . . ... . .. .. ...... .. . . . 
0-16-0 ... . .. . . .. . .... .. . . .. . .. .... . . ... , . . . .. . . 
No fertilizer . . . . . . . . . . . . . ... . . . . .... ... . .. . 
2-16-0 . . . .... . . .. . . . . . . ...... . ..... .. .. . . . ... . . 
2-16-4 ... .. . . . .... . . . . .. . . ... . . .. . . . . . . . .. .... . 
No fertili zer ... .. . . . . . . .. .. . . ... . .. . .. . ... . . .. .. . 
0-16-4 . .. . . .. .. . .. . .. . . ...... . .. . ... . . . .. .. ... . 
0-16-0 .. . .... . . ..... ... . .. . ... . . ... .. . .. . ..... . 
No fertilizer . .. . . ... . ... . . . ... .. . . . ... ..... .. .. . . 
4-16--8 . . ... .. ...... .. ..... . . . . ... .. . ... .. . . .. . . 

*B.C.-Fertilizer applied broadcast. 
**P.U.-Fertilizer plowed under. 

Yield of Dry Beans in Bushels per Acre 

Brookston Soil Kawkawlin Soil Miami Soil Hillsdale 
Soil 

Pounds 1 __ _ 

per 
Acre 

200 
200 

200 
200 

200 
200 

100 
100 

]00 
100 

200 

Allen 
Farm 

B.C.* 

Montey 
F arm 

B.C . 

Trieber Farm 

B.C. P .U .** 

Schwab I Nourse 
Farm Farm 

B.C . B .C. 

Raubinger Farm 

B .C. F.U. 

Chant 
F arm 

B .C. 

Pierson 
Farm 

B .C. 

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

14 . 9 
12 . 0 
15 . 2 
14 . 0 
14.6 
12.8 
12 . 9 
11. 1 
13 . 1 
11. 1 
11 . 3 
12 . 1 
12 . 3 
15 . 3 
17 . 1 
12 .8 
13 . 6 

23.6 
22 . 2 
23 . . 5 
2.5 .2 
23 . 9 
23 . 2 
22 . 2 
25 . 2 
25 . 2 
20 . 6 
22 .8 
20 . . ') 
21. 0 
26 .7 
23 . 9 
26 . .'5 
26 . 2 

8 . 5 
10.9 

9 . 8 
IS .1 
11.2 
11. 3 
13 .3 
11. 6 
11.1 
12 . 1 
11.6 
15 . 2 
14 . 1 
10 . 0 

9 . 1 
9 . 2 

11. 9 

12 . 9 
15 . 1 
10 .5 
12 . 4 
11 . 9 
10 . 2 
11. 8 
12.8 
11.4 
15 . 6 
11. 0 
13 .3 
14 . 6 
11.6 
9.9 

12.3 
13 .2 

14 . 9 

16 . 1 
13 . 8 
15 .6 
14. 8 
13 .3 
15 .2 
12 . 8 
10.6 
18 . 0 
17 .8 
18. 3 
16 . 0 
17.2 

8.6 
1l.6 
10 . 1 

9 . 8 
9. 7 
8 . 3 

10.4 
]2 . 0 
22 . 1 
12 . 1 
10 . 7 
10 . 8 
11. 3 
10 . 1 
12 . 4 
Hi . 1 
18 . 6 

14 . 8 
12 . 5 
12.6 
9.7 

13 . 6 
13.0 
10 . 9 
12 . 6 
13 . 6 
1.5 . 4 
14 . 9 
]2 . 7 
]0 . 9 
13 . 0 
10 .S 
12.0 
13 . 9 

10 . 8 
10.5 
11.3 
10 . 5 
9.9 
9 . 6 

12 . 0 
11 . 3 

9 .5 
11 . 2 
10 . 0 
10 . 8 
]0.6 
13 .!i 
12 . 1 

9. 1 
9 . 0 

13 . 5 
11.7 
11. 1 

8 . 0 
17 .8 
19 . 7 

9 . 2 
11.2 
12.6 
]6 .3 
21.7 
21.9 
22.7 
10 . 1 
10 .li 
12 . . 5 
15 . 8 

13.8 
16.1 
16.9 
15 . 6 
15 . 0 
15.1 
14 .8 
15 . 9 
15 . 1 
15 . 8 
13. 6 
13 . 4 
13 . 1 
13 . 2 
16 .5 
16 . . 5 
19. 2 

Table 17. The effect of fertilizers on the stand of beans in 1933 on four soils. 

P01lnds 
Fertilizer 

l~:e 

Number of Plants per Rod of Row 

Brookston Soil Kawkawlin Soil Miami Soil 

Allen I Montey 
Farm F arm Trieber Farm Schwab I Nourse I Raubinger Farm 

Farm F arm 

Hillsdale 
Soil 

Chant Pierson 
Farm Farm 
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Table 17. The effect of fertilizers on the s tand of beans in 1933 on four soils. 

POllnd s 
Fertilizer l;{e 

No fertilizer .............. .. . . .... ... . ........... -
2- 0-0 . ................ 200 
2-16-0 . ..... . ...... .. .... : : : : : : : : : : : : : : : : : : : : : : 200 
No fert ilizer ............... . .. . .. . ....... .. .. . .. -
2-16-4 .. .............. . ........................ 200 
0-16-4 .. . .. . ..... . .. . . . ........ . .......... . ... 200 
No fertilizer .. . . . . ... . ........................... -
0- 0-4 .. . .... ............. .. .... . .............. 200 
0-16-0 .. .. .. . .... .. . . ... . . .. ........ .. ... .. .... 200 
No fertilizer .. .... . ......... . .... ... ............. -
2-16-0 ..... . ............... . ... , .... . ..... . .... 100 
2-16-4 ... ... .. .............. . ......... .. .... . .. 100 
No fer tilizer ................. . .... . .... .. .. .. .... -
0-16-4 ..................... . ............... . ... 100 
0-16-0 .......... . ...... . .......... . ...... . .. . .. 100 
No fertilizer .... .. ........ . .. . . . . ...... ........ . . -
4-16-8 .......... ........... ... . ..... . .. . . .... . 200 

*B.C.-Fertilizer applied broadcast. 
**P.U.-Fertilizer plowed under. 

Allen 
Farm 

B.C.* 

Number of Plants per Rod of Row 

Brookston Soil 

Montey 
Farm 

B.C. 

Trieber Farm 

B .C. P .U.** 

Kawkawlin Soil Miami Soil 

Schwab I Nourse 
Farm Farm Raubinger Farm 

B .C. B. C. B .C. P .U. 

Chant 
Farm 

B .C. 

Hillsdale 
Soil 

Pierson 
Farm 

B.C. 

1----1----1----1----1----1----1----1----1 ____ 1 ___ _ 

86 74 49 43 50 63 30 34 93 39 
83 81 35 39 50 65 29 33 95 45 
89 82 38 41 51 66 26 37 96 34 
84 79 33 40 48 66 37 36 95 28 
8.5 80 39 37 52 68 33 33 89 36 
89 81 36 37 53 70 35 34 88 38 
86 80 37 41 49 63 32 36 95 39 
87 7.5 37 46 51 69 37 33 94 39 
94 82 37 40 58 63 37 37 93 29 
87 82 39 39 55 65 32 34 96 36 
82 82 43 41 56 64 37 31 98 38 
88 79 36 34 57 69 29 35 92 38 
85 81 39 40 50 68 30 32 92 37 
78 79 34 43 50 69 37 39 88 36 
87 82 37 37 47 65 36 34 93 42 
86 78 48 48 50 64 34 36 89 42 
86 78 37 39 49 68 33 33 85 33 
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Table 18. The effect of fertilizer placement and rate of application on the yield and s tand of beans on four fields in 1934. 

Treatment * 

Both sides below .. .. . .... . .............. . ... . .... . .. . . ... . ...... . . 
One side below-;'1 cont act .............. . .. ..... ... ............ . . . 
One side belo\v .. .. .... . ... . . . .................. ...... .......... . 
No fertilizer . . . ... . .......... . ....................... . ... . ... . .. . 
Contact ... . ........... . ......... . .... .. ... . ............. , .. . . . . . 
Both sides level ..... . .... . . ......... . ...... . ..... . ........... .. .. . 
Under seed ... . . . ..... . .... . .. ..... ....... . ............ . ..... . .. . . 
Both sides below. . . . ............. ... ............................ . 
Both sides below .. . . .............. . ................ . .... . .... . .. . . 
Both sides below . . ......... . ....... ..... ......... ... .......... .. . . 

Pounds 
per 

Acre 

300 
300 
300 

7.5 
300 
300 
200 
400 
600 

Yield -Yield of Dry Beans in Bushels per Acre 
Stand- Number of Plants per Rod of Row 

Brookston Silt Loam Conover Silt Loam Miami Loam 

Trieber Farm Horst Farm Buckholz Farm Dilman Farm 

Yield Stand Yield Stand Yield Stand Yield Stand 

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

27 . 0 
26 . 2 
25 .• '5 
21..5 
24 . 1 

27.4 
26 . 0 
27.2 
28 . 4 

43 
45 
42 
43 
40 

46 
43 
46 
45 

24. 5 
24.4 
24 .7 
23 .9 
25 . 6 
24 .7 
25 .2 
24. 9 
24 . 1 
24 . 9 

57 
57 
49 
56 
47 
55 
57 
59 
58 
54 

22 . 1 
23 . 0 

20.4 
20 . 7 
23.2 
24 . 7 
24.4 
23 . 7 
25 . 8 

61 
60 
.53 
52 
50 
55 
51 
.'57 
56 
54 

19 . 1 
19.2 
17 . 8 
14 . 3 
15.0 

17 . 7 
17 . 7 
19 . 1 
20 .7 

46 
52 
39 
51 
30 

49 
43 
38 
49 

*4-16-4 fertilizer was used throughout the experiment . All yields and stand counts are ayemges of four plats. Fer tilizer bands were 1 Y2" to the side and 1 Y2 ' 
below seed level. 

Table 19. The effect of fertilizer analysis and placement on the yield and stand of beans on three farm s in 1934. 

Yield-Yield of D ry Beans in Bushels per Acre 
Stand- Plants per Rod of Row 

Pounds Kawkawlin Loam Wisner Silt Loam Miami Silt Loam 
Treatment * per 

Acre 
Fischer Farm Heckroth Farm Mahaffey Farm 

Yield I Stand Yield I Stand Yield I Stand 
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Table 19. The effect of fertilizer analysis and placement on the yield and stand of beans on three farms in 1934. 

Treatment * 

0- 16- 0 
Both sides below .................. . .... .. .. .. ............... . .. . ........ 

0-16-0 
One side below-One-fourih contact .... . . . .... . .............. . .. . .... . .......... . . 

0-16-0 
Both sides belo,\" . .............. . . .. ........... . . .. .. . . . . . ......... . . . ......... . . 

K 0 fertilizer . .. ... . ........ . . . . .. .................. . . . .. ... .. .. . . .... . 

0-16-8 
Both sides below .. . . ...... . . . ..... . ..... . . .... . .. . ............ . ... . ..... , .. . . . . 

0-16-8 
One side below- One-fourth contact . .... . ...... .... . ......... . . . . . .. . . . . .. . .. .. . .. ... 

0- 16-8 
Both sides below ....... . . ..... . . . .. . ... . ... .. ... . ......... . ... . . .... . . . ....... 

4-16-8 
Both sides belo,\' .......... . .................. . . . ..... . ... . . . ... . ... .. ......... . .. . . 

4-16-8 
One side below- One-fourth contact .. . ... . . . ... ... . . ............ . . ....... . .. . ... .. . . 

4-10-8 
Both sides below .. . .... . . . ...... . ... . . . ...... .. .. .... ..... . ...... . .. ...... .. ....... 

Yield -Yield of Dry Beans in Bushels per Acre 
Stand- Plants per Rod of Row 

Pounds I Kawkawlin Loam I Wisner Silt Loam I Miami Silt Loam 
per 

Acre 
Fischer Farm Heckroth Farm Mahaffey Farm 

Yield Stand Yield Stand Yield Stand 

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

300 21. 3 71 14 . 9 44 19.6 62 

300 21.2 61 14.7 45 20 . 7 56 

600 23 . 1 59 16 .7 45 22 . 1 60 

19 . 9 66 12 . 9 45 16.4 56 

300 25 . 1 63 20.9 45 23 . 8 62 

300 24.5 59 16 . 9 33 22.8 48 

600 27.9 57 21.6 39 26.0 55 

300 25 .5 53 18.8 38 23 . 9 59 

300 23.4 54 16 .2 30 23.1 51 

600 26 . 9 62 31 24 . 3 53 

*In the side placement the bands were 1)'2 " to the side of the seed and 1 Y2" below the seed level. All yields and stand counts are ayerages from duplicate plats. 
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Table 20. The effect of fertilizer placement and rates of application on the yield and stand of beans on three fields in 1935. 

Yield -Yield of Dry Beans in Bushels per Acre 
Stand-Plants per 400 Feet of Row 

Pounds N apanee Silt Loam Brookston Silt Loam ::\liami Silt Loam 
Treatment * per 

Acre 
'Warren Farm Trieber Farm Reagh Farm 

Yield St.and Yield Stand Yield Stand 

Both sides below .... ... ..... .. ..... 300 24 . 7 1661 30 . 8 1476 25 .. ') 1466 
One side below . .... . ... .. ... . .. ... 300 23 . 0 1599 31.5 1284 24 .3 1486 
One side below-One-fourth contact .. 300 23 .8 1107 30 . 8 1037 24 . 6 1111 
No fertilizer .. .. ... . ..... .... .... .. 19 . 8 15.'51 28 . 7 1138 21. !l 1410 
Contact .. . . . . . . ......... . ........ 7t1 21. 0 926 29 .4 102.') 22 . 6 1091 
Both sides level . ................... 300 24.8 1456 30.6 1212 24 .. 5 1539 
Under seed . . .. . ... . ............... 300 24 . 1 1544 31.9 1318 26 . 2 1418 
Grain drill ... ..... .. . . . ... . ....... 300 23 .5 1092 31. 2 1366 25.0 1729 
Both sides belo,v ... .. .. . ..... .... .. 200 22.3 l.'i20 29 . 7 1224 24 . 9 1380 
Both s!des below ........ ... .. . ... . . \ 400 23 .5 1464 31.1 1182 27 . 7 1440 
Both SIdes below . ....... . . ..... . .. . 600 24 . 9 1444 32 .5 1194 27 .5 1400 

General ayerage .. . ............ Placements. 23.2 1367 30 .7 1232 24 . 3 1406 
Rates ..... . 22.4 30 .7 118t 25 .5 1414 

S. E. :VI. ** .......... . .. Placements . .599 (2.6 %) 80 .3 (5 .9 %) . 697 (2 .3 %) 40 . 34 (3. 3 70 ) . 777 (3 . 2 %) 73 .49 (5 .2%) 
Rates ...... . 699 (3. 1 %) .566 (1 .8 % ) 49 . 9 (4 . 2 % ) 1.198 (4 . 7%) 89 . 16 (6 .3%) 

Difference required for Placement.s. 1.8 236 2 . 1 119 2 .3 21fl 
Significance Rates . ... . . 2 . 2 1.8 159 3 . 8 285 

F . ........ ... . .. . ... ........ . PI acements . 7 . 70 12.26 1 . . 58 15 .59 3 . 48 8 . 42 
Rates ...... 13 . 35 6 . 16 0.51 2 . 14 . 04 

F (5 % point) .... ............. Placements. 2.50 2 .50 2.50 2.50 2.50 2.50 
Rates . . ... . 3 .86 3.86 3 .86 3 .86 3 . 86 

1 % point .... . . . .... . Placements . 3 . 66 3.66 3 . 66 3 .66 3.66 3. 66 
Rates . .... . 6 . 99 6.99 6 . 99 6.99 6.99 

*4-16-4 fertilizer was used throughout the experiment . In the side placements the bands were 1 Y2" from the seed. In the below level placements the bands 
were 1 %" below the seed. All y ields and stand counts are averages from four randomized plats . 

**Standard error of the mean. 

Table 2l. The effect of fertilizer placement and rate of appli cation on the yield and stand of beans on two fields in 1936. 

Yield - Yield of Dry Beans in Bushels per Acre 
Stand- Plants per 400 Feet of Row 

Pounds Napanee Silt Loam Miami Silt Loam 
T rentment* per 

Acre 
Stou tenburg Fann Gegler Farm 

Yield Stand Yield Sta:ld 
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Table 21. The effect of fertilizer placement and rate of application on the yield and stand of beans on two fields in 1936. 

Doth sides leYel .. 
Doth sides below . 
l:nder seed. 
One s ide. 
r; rain drill. 
C ontact and one s ide .. 
C ontact ... 
~ 0 fertiliz e r ..... 
Both sides below . 
Bot h sid es below . 
Doth sie!es below . . 
K 0 tertilizer ... 

General aye rage . 

8 . E. !VI. .. 

Trealm ent* 

Difference required for significance . 

F . 

5 % point . 

Pounds 
p er 

Acre 

300 
300 
300 
300 
300 
300 

75 

200 
400 
600 

Placements . 
Rates . .... 
Placements . 
Rates ...... 
Placements. 
Rates ...... 
Placements . 
Rates .. . .. . 
Placements. 
Rates ... 

Yield - Yield of Dry Beans in Bushels per Acre 
Stand-Plants per 400 Feet of Row 

N apanee Silt Loam 

Stoutenburg Farm 

Yield Stand 

14 .1 11 39 
14 . 9 1088 
14 . 6 1000 
1.') .. 5 1067 
13 .4 1004 
13.7 770 
13 . 6 862 
14 . 6 1080 
9.7 96;) 

10 .8 977 
11. 5 912 

8 . 3 873 

14 29 1001 
10.10 933 

0 . 39 (2 73 % ) 38.50 (3 . 8.'5 o/r-) 
0 .22 (2 22 %) 30.64 (3 . 28 %) 
1.1 2 113 . 6 
069 101 . 4 
3.4.'5 10 .60 

39 .36 2.62 
2 .37 2 . 37 
3.49 3.49 

Miami Silt Loam 

Gegler Farm 

7.5 
8 .9 
8.0 
9 . 3 
7 . 6 
8 . 1 
8.9 
7 . 8 

Yield 

8.26 

0 . 41 (4 . 96 %) 

1. 1 Q 

2 . 74 

2.37 

1083 
1037 
121 9 
1134 

8 7' ::3 
8:3:) 

1004 
1077 

1033 

Sta:ld 

30.72 (2 97 %) 

89.0 

17 .42 

2.37 

*4- 16- 4 fertili zer was usee! throughout the experiment . In the side placements the bands were 1 Y2" from the seed. In the below level placements t he band s 
were 1 %;" below the seed . All yields and stand counts are averages t rom fhe randomized plats. 
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Table 22. T h e effect of fertil izer placement and rate of app:ication on the yield and stand of beans on three fields in 1937. 

Treatment * 

Both sides leyel 
Both sid es below . 
l -nrl e r seed . . 
Oae si de .. . 
(~mill clrill .......... . 
Contact allrl one si de. 
( :on[:.1ct .... . 
~ofertijjzeT .. .. . 
Both sides below . 
Both s ides helow . 
Roth ,:jilps below . 
:\ 0 fertilizcr . . 

Gen eml average ...... . .... . 

S. F: \1. . 
rirTe rcllcc requir.;) c1 tor s ignifi-

( WI( e 
F ... 

F ( ;j r;~ point) . . 

Pounrl s 
per 

Acre 

300 
:300 
300 
:300 
300 
300 

7 ;) 

200 
400 
600 

( Plar:cments 
. Rates ..... . 
( P1<wements. 
t Hates .. .. 
( Placements. 
) Hatef' .. .. 
r Plarements . 
t Hates. 
( PlacementI' . 
) ILLtes . 

Averages of Five Ra!ldomized Plats 
Yield - Bushels per Acre 
Stand- P lants per 300 Feet per Row 

Brookston Silt Loam :\apanee Silt Loam 

Horst Farm'"'' Stolltenhllrg Farm"'* 

Yield Stand Yi eld Stand 

3.'i 3 
32.0 
34.8 
32.0 
::\.'i .'i 
33 . 1 
32.6 
30.0 
28 . 2 
32 . 2 
3.'i 2 
26 9 

33 . 17 
30.62 

. 94 

. S6 
2 . 77 
2.6fl 
4 . 00 

HI . 4.'5 
2 . .')0 
3.49 

(2 8 ! o/,,) 
(2.82 %) 

10!4 
1033 
1012 
1 0M~ 

94;') 
1031' 

9 .')9 
lOS'> 

72) 
706 
606 
719 

1022 
712 4 

22 . 27(2 . 18 9,,) 
2~ . !3 (3 . 95 '70) 
6:) . :) 
Sfl . 7 
4flS 
:~ 1'0 
2.fio 
8 . 74 

209 
22 . 4 
2 1. 6 
21.3 
180 
HI . 2 
16 . 2 
HI . 3 
21. 6 
23 .5 
23 . 0 
19 . 6 

19 . 86 
21 .93 

. 83 (4 . 1S %) 

. 90 (4. 12 %) 
2.44 
2 . 70 
4.0S 
3 . 8 1 
2 . :')0 
3.49 

;')77 
.58! 
;")80 
.')63 
43 1 
;'i2 ! 
446 
5;")7 
6 18 
620 
.'i7l 
563 

.532 . . 5 
593 

22 . 81 (4 28 %) 
29 70 (.'5 01 %) 
;'i8 . fl 
111 . 7 
o 13 

1. 02 
2 . 37 
3 . 49 

:VIiami Silt Loam 

Reagh Farm 

Yiel(l 

23 01 
25 .3 
24 .5 
24 . 1 
22 . 7 
21. 6 
21.1 
20 . 7 
26 . 0 
26 . 3 
2S .2 
2l. 7 

23 01 
25 .,)4 

.67 (2 92 %) 

. 74 (2 91 '70 ) 

. !II) 
2 . 20 
8 1:3 

13 . 4:~ 
2 . :37 
3 .40 

591 
;";71 
5.:;.,) 
fll0 
.')2fl 
491 
4S 1 
;")7;') 
622 
.'597 
614 
517 

Stand 

549 . 9 
587 . 7 

23 . 17 (.'5 1.'>%) 
4.'5 .29 (3.4.5 '70 ) 
67 . 2 
62 . 4 

4 . 07 
Ij fl O 
2 :3 7 
3 . 49 

*4- 16- 4 fertili ze r was userl throughout the expe :-iment. Fertilizer ba:1.ds 1 Y2" to the side and 1 %:" belm\' seed level. 
**Yielcl data for placement pl a t" on Ho~st farm i],nd Stou tenburg farm based on four replications. St and coun t data on Horst farm based on four replicflt ions. 

Stanrl ('ounts on rates of applicat ion [1'ats on Ho:s t f a rm based on 200 feet ot row. 
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Table 23. The effect of fertilizers on the yield of beans on four fields in 1935. 

POIlllds 
Ferti li zer* per 

Arre 

Brook stoH 
:-l il L LmLlll 

Y ield of Dry Bean s in H li s lI els per A c re 

I 
I 

!'\,LpallPe 
Silt LO'LIli :Yliall1i S ilL Loa ll l 

'1, ' e h" , a;~ r ::,:, ;a~: -_J_~_. _l_te_a_I-,_' I_l _,,_. <1_r_In_ I_ J_._l_l _e_a_g_h __ l_"f\,_ l_'ll_l __ 

0- 16- 0. . :100 
0- 16- 8. 300 
4- 16- 8. :{OO 
4- 16- 4. :'WO 
2- 12- 0. . . . . . . . . 300 
='Jo fert i!i ze r .. . . . 

Geneml average. 
S. E. 1\[ . . . ... . ..... . 
D itTeren C'P requ ired for 

s ignifi cance .. 
F . . 
F Ui % point) .. 

21).4 
20.4 
21) . 0 
30.8 
3 1 . 1 
28 . 7 

21) . 1) 
. 64.') 

1 . 1) 
I 71) 
2 . 90 

(2 . 2 % ) 

I

, 20 . I) 
239 
24 . 6 

22 . n 
Hl . 8 

23 . 2 
. 60:3 

1 . 0 
14 . 04 
3 . 26 

2;") . R ~7 . 1 
2.~ . I 27 . 8 
26 :{ 28 . 2 
2.') . :) 26 . 3 
26 . R 26. I) 
2 l !) 22 . !} 

2!l . 2 
(2 . 7 % ) . 80:3 (3 . 2 70 ) 

2. 4 
4 . 71) 
2 . 00 

*The t ertilizPl' was a pplied in bands on hoth s ides ot tbe seed , 1 ~ " to th e s id e of the seOtt a,nd 1%," 
below t tle seed level. The y ield s a re ave rages .trom five pla,ts . 

Table 24. The effect of fertilizers on the yield of beans on the 
Stoutenburg farm in 1936. 

0- H1- 0. 
0- 16- 8. 
4- 16- 8. 
No fe r ti l izer .. . 

GW1Pra.l average .. . . 

Ferti li zer* 

S. K :\1[ ..... ..... . ....... . .... . 
Di fTc renee requ i red for sig-ni fieallce .. 
F .. .. .. .... .. 
F5 % point • .. 

POlin ' Is Yielt t of Drv . 
pe r 13e<l,ns in BlI shels 

Acre lper Acre 

:{OO 
:3 00 
:300 

14 . :~ 
1.'i.3 
17. :3 
14.4 

J!) .3' 
(Un (:i4.'i %) 
2 . ()7 
~un 
:3 . 86 

*The fertil i7.cr was apl)l iwl in hamls on both s irl es of the seed , 1 ~ " to the s ide aru l I ;{" belolV the 
seed level. The y ields :ue <L\'erages from four randomized phLt S. 
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Table 25. The effect of fertilizer on the yield of beans on three fields in 1937. 

Yield of Dry Beans in Bushels per Acre** 

Fertilizer* 
Pounds Brookston Napanee Miami per Silt Loam Silt Loam Silt Loctm Acre 

Horst Farm Stou tenburg Farm R eagh Farm 

0-16- 0 .. . 300 29.9 20.0 24 . .') 
0-]6- 8 .. . 300 30.fl ]6 .1 27. 2 
4-16- S . . . 300 ~7 . .'i 18.1 28. 2 
4-1(\- 4 .. .. .. .... . . ... ........ . . . 300 :11.1 16.3 27 . fl 
No fert ilizer ....... ...... . .. .. .. . . 28.2 14.3 24 . 4 

General avera,ge .... . 
S.KM . .......... .. .......... . 

3 1 .s 17 . 0 26 4 
I .48 (4 .69 % ) l.06 (625%) I . 0.:; (3.98%) 

Difference requi red for s ignificance . 4 . 4~ 3 . ] S 3. 20 
F ............... .. .... . 7.43 4 . ]9 2. 96 
F (5% point) ....... . . . . . 3 . 01 3 . 01 3.26 

*The tert il izer was appl ied in bands on both s ides of the seed, 1Yz" to the side of the seed andl%:" 
below the seed level. 

**Th e y ields are ave rages from five ra,ndomize(l plats. 

Table 26. The effect of fertilizer on the yield of b eans on the 
Ferden Farm, 1934-1937. 

Yield of Dry Beans in Bushels per Acre 

0- 16- 0 ....... . 
4- ]()- 0 ... . . . 
0- 16- 8 ....... . 
4- ]()- 8 .. . . . 
4- 16- 4 . . . . . 
4-12- 4 .... . 
No fe rtili zer. 

Ferti lizer * 
Pounds 

per 
Acre 

].')0 
1.')0 
1.')0 
] .'')0 
HiO 
)',)0 

1934 

2.') ~ 
26 .7 
27 . 1 
27. 8 
27 . 6 
28 . 4 
23.6 

1935 1936 H)37 

~;'j . 1 29.1 :11.2 
36. 8 28 . 8 31.:' 
:~;'j. 4 28 . 8 ~3 . :1 
38 .4 26 .. ') :14 . 3 
:17.:' 297 32 . fl 
3.') .6 28 . 0 3~.2 
34.8 2.5.0 26.7 

*Tn 1934, 1 fl~f) , and H13() th e fertil izer was apr>lied in bands on hoth s id es of the seed, 1 .~ " to the 
side amI I Yz" below 1he seed level. In l0~7 it was appliC(l in a sing-Ie band 1 ~~ " to 1he s id e a.nd level 
with th e seerl. The y ie ld s as afreeled hy treatment are averages tram three plats while the y ield s Hom 
the unfe rtilized areas are averages from four plat s. 

FERTILIZ] 

Table 27. The effect of fer til 
yields ( 

Treatment * 

0-16- 0 ........ . 

0- 16- 0 ...... . 
St,Lble manure. 

O- lfi- O .... '" 
Stable manure . . . . ...... . . 
Sweet clover greell m<tl1llre. 

0- 16- 0 ............... . . 
Sweet c lover greelllllanurc. 

4- 16-4 ........ . 

4- 1()- 4 . .. ..... . 
Stable manure. 

4- 16-4 . ..... . 
Stable ma111lre ..... . ... . . . 
Sweet clover green m'Lllure . 

4- 16- 4 . . .............. . 
Sweet clover green manure. 

No fertilizer. . .. ......... . 

No fertil izer .. . .... . . . . .. . 
Stable manure .. . ... . 

No fertI li zer . ..... . 
Stable manure .. . ........ . . . 
Sweet clover green manure ... . 

No fertilizer .. ... .... . .. ... . . 
Sweet clove r green manure . .. . 

*The fertilizer was applied in bands 
helow the seed level. The vields from 
duplicated plats on the Horst farm ar 
did not receive commercial fertilizer w 
Dilman farm . 

~----------------------------------------------------__________________ r '~ __________________________ __ 
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Table 27. The e ffect of fertilizer , manure, a nd s weet clove r green manure on the 
y ields o f beans o n two fi e lds in 1935. 

Treatment * 

0- 16-0 .... . ... . 

0- 16- 0 .... . 
Stable manure. 

0- 16- 0 . .. .. 
Stable manllrc .... ....... . 
Swcet clover green manllre. 

0- 16-0. . . . . . . . . . ..... 
Sweet clover green / llitllU re. 

4- 16- 4 . ........ .. . . 

4- 16-4 ....... ... ... . .... . 
Stable manure ......... . . 

4- 16- 4 . .. ....... .. . 
Stable mamlre .... . 
Sweet clover green manure. 

4- 16- 4. . . . . . ..... ... . 
Sweet clover g reen manu re . 

No fertilizer. . ..... . ......... ...... . ... . . . 

No ferti li zer ....... . . . ... . 
Stable manu re ..... . ..... . 

No fertI l izer ... ... . 
Stable m anLl re. '" . . .. . . 
Sweet clover green manure ..... ... . 

No fer t ili zer ................ . .... .. ... .... ... ..... . . 
Sweet clover green manure .... . . .................... . . 

POU1lfls 
per 

Acre 

]50 

1.')0 
20,000 

1.')0 
20,000 

].')0 

150 

1.')0 
20,000 

1.'10 
20 ,000 

]50 

20,000 

20,000 

Yield of Dry Deans in 
Bushcl s v cr Acre 

Brookston 
Silt Loalll 

Horst. Farm 

21. 

J 7. () 

21.2 

23 . .') 

20 . 7 

18.8 

22.6 

21 .9 

20. 0 

17.7 

22 . 3 

22.8 

Miami 
Silt Loam 

D;Iman Farm 

23 . 2 

27. 8 

31.7 

32 . 7 

30.9 

32.0 

31.3 

33.4 

23. 8 

2.'). 3 

30.3 

3 1. 0 

*The fertilizer Wl1,S applied in bands on both sides of the seed, 1 Y2" to the si de of the seed and 1 %''' 
helow th e seed level. The yields from the p lats which received commercIal ferti lizer a re aver ag-es f rom 
dllplicated rlats on tIle Horst farm anel qlIaclruplicateel plats on the Di lman farm. T h e plats which 
d iri not receive commercial fertilizer wore not replicated on th e Horst farm anel were elupll cated on the 
Dilman farm. 
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