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SUMMARY 

In general, potaloes a r e grown 0 11 sandy loam and loam soils which 
are not so h igh in plant food cont ellt as are t he better so il s of the stale . 
The lleed [or mainta ini ng o r increas ing th e hu m us co ntent of potatu 
so il s a nd of s ll pplyi ug a n abu nda nce ot p la nt food lh ro ugh Illanur illg 
a ll d use of commerc ia l fe r ti li zer is we ll recog ni zed. 

Ma nu re suppleme nted w it h complete cO lllm erc ia l ferti li zer (+- 16-8 or 
s imi lar analys is) is an exce llent fert ili zer for pota toes. I II case COlll 

plete fer ti l izer is not u sed the plant food rat io in t he man u re should be 
balanced by use 0 f superphosphate. 

Experiments in use of commercia l fer t ili zer were started in 1923. 
T hi s report summar izes the res ul ts [or 15 years, incl uding 800 p lots on 
70 farms. 

A fert ilizer of 4-16-8 or s imilar compositio n gave increase s in yielJ 
\\h ich were consistent ly among t he hi g hest p ro rluced by th e d ifferent 
fert ili zer analyses used in t he tes t s on d iffere nt so il types and under 
lh e varied weather condit io ns enco un t ered durin g the years covered by 
the experiments. A ferti lizer conta in ing m ore po tash in re lation to t he 
phosphoric ac id as a 3- 1..2- 12 freq uently gave as good or better y ields 
l han t he 4-16-8, espec ia lly on the sandier soi ls. 

Fert ilizer co n ta in ing as m uch or mo r e potash than phosphoric ac iel 
tended to de lay matu r ity of t h e crop a nd freq uently produced immatur(: 
t ubers at digging time. 

Considering the cost of fertilizer, danger of dro uth, and the lll1Ccr 
tainty of potato prices, ferti l izer applica ti ons of approximately 500 to 
()OO po unds per acre were fo und most advisable, a lt hough somewhat 
larger increases in yield vve re frcq uently ob ta in ed \\' ith heav ier applica
tions. The li m ited ra infall of l\II ichi gan compared to that of other 
important potato growing states, as ]'via ine, as sociated \\,ith the moder 
ate moisture-ho lding capacity of t he typical po ta to so il s, accounts for 
the comparatively small q uant ity of I'e r t ili zer \V h ich can be applied 
economically. 

Fertilizer placed in bands on bo th sides of the seed piece, on t he 
level with or a litt le deeper than the seed and a bo ut t\Vo inches from it, 
has given s lightly better average y ields than t h e sa m e quantity of 
fertilizer applied in other locat ions. 

Sprout emergence was delayed by fert ilizer m ixed in the soil around 
the seed piece. On the other ha nd, sprout emergence was frequently 
has t ened by ferti li zer applied in bands two inches to the sides of the 
seed piece and vine growth was g r eater on plot s so ferti li zed until late 
in the growing season. Under irr igation, it was fo und that heavier 
applications of fertilizer were cfrl ciently used. Appli ca tions could be 
made closer to the seed piece w itho ut res ul t ing in in jury. 

When fertilizer was not appli ed near t h e seeel piece at p lanting time, 
an application with an attachment to the cult ivator at the time of fir s t 
clIl t iva tion proved advisable. 
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In 1937, Michigan ranked first in acreage and third in the production 
of potatoes among the sta tcs. Th e acreage planted to potatoes has 
gradually decreased from 317.000 acrcs in th e period 1899-1918 to 
277,000 acres for th e 1919-38 peri od. The acreage for the 10-year period 
1926-35 was 271,800 ac res . J 11 1935, 159,002 farmers, or about 81 % of 
the total number in the sta t e, were grm~Ting potatoes as Ct market 
crop or for h0111 c use. T he a vcrage annual value of this crop for the 
10-year periocl 1920-35 was $15,293,000 with the annual average price 
per bushel of 67 ccnts . It is ev ident from thosc facts that the pro
duction of potatoes is :.L major cnt erpri se on a large number of Mich-
igan farm s. • 

Aniong Michiga1l potatu g rower s, som e obtain y ields ranging from 
350 to 400 bu shels pe r aerc. a lthough thc average state yield was 92 
bushels per acre during the period 1926-35. This yield is influenced by 
many factor s. a mong w hich the more important are climatic con
ditions, soi l fertility, variety, insect and disease injury, and cultural 
pract ices. In an effort to under st and in what manner these various 
factors interact to in fluencc potato production, much research work 
has been conduct ed. Extens ive t es t s have been made with a view to 
increasing the y ield per acre. vVith larger yields, the profit to be 
derived from the crop is g r e::t t er, since many of the items of expense 
incurred in g rowing an acre of potatoes are not greatly increased by 
the production of a hi gh y ield. 

SOIL TYPES ON WHICH POTATOES ARE GROWN 

Every Michigan co unty produ ces a n appreciable acreage of potatoes. 
The percentage of tillabl e land u sed for the crop in each year varies 
from 1 to 14. The avcrage was 2.7 per cent for 1934 (see Fig. 1). In 
di stri cts grow ing potatoes as a major farm enterprise, the largest 
acr eage is fo und 0 11 sanely loam so il although considerable acreage is 

lCe rtain of the r es ults pre sent ed h e r c il l pertaining to fe rtilizer placement , rate 
of app li cati o n. po ta s h. a nd fe rtili zer a ll a lys is st udi es, w e re obtai n ed with the co-
0peration of th e Di v is io n o f So il Fertil ity Jnvestiga tion s, Bureau of Plant Industry , 
rind th e Division o f M-ec hanica l 1 ·~ quip1l1 c ll t, Burea u of A g ri c ultur a l E ngineering , 
U. S. D epartment o f /\ gri c ultur e . Tile \v rit c r s express their appr eciation to B. E . 
Iirown and C. V. C. }-!o ug lda ncl. Di vis i011 of So il Ferti li ty Investigati o n s . and t o 
G. A . C umin gs . '.\T. T r. H e dit . and ] '- C. Schoenlebe r. Divi sio n of Mechan ical Equip
ment for coop e rati o n in co nn ect ioll w ith th ese studi es. In conn ection with th e 1931 
a. nd 1932 fn lil izer placemcnt w0 rk ar kll 0wlcrlgm ent is m a. cl e of th e cooperation of 
H. R. Small ey a nd Ov e J e nsc n of t hc Na tio ll a l Ferti li zer Assoc iation. 
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Under any given climatic condition, drouth danger may be minimized 
by proper so il management. This is due to the fact that the moisture 
holding capacity of the plow soil is influenced not only by the soil 
texture (that is, the percentage of particles of different sizes) and 
character of the subsoil , but also by so il str ucture, or degree of g ranu 
lation, and by the amount of organic matter contained therein. 

The effec t of organic matter in influencing the amo unt of water a 
soil wi ll hold is expla in ed in the following manner. Soil moi sture avail
able for plant use is held by the soil in two ways-nam ely, (a) in the 
small crevices between particles, and in films around them, and (b) in 
the organic matter itself, vvhich being sponge-like, literally soaks up 
water. In very fin e textured so il, a clay for instance, the particles may 
become packed in such a dense mass that th ere is little room left for 
moisture. This condition is often the res ult of plowing or a llowing 
stock to graze on the land 
w hen it is too wet. The pore 
spaces in light sands and 
sandy loams, on the other 
hand, may be too large to 
hold the greatest a mount of 
moisture. In these so ils the 
particles a r e so I 0 0 s ely 
packed together that the 
water drains right through 
the openings between the 
particles, little remaining for 
crop use. 

The texture or s ize of par
ticl es in a so il not only influ
ences the quantity of water 
held but a lso the extent of 
capillary r ise in the soil. This 
point is illustrated in Fig. 2. 
All four glass tubes conta in 
the same so il mineral but the 
so il is ground to different de
grees of fineness. That in 
the tube on the left is ground 
to the size of silt, and in the 
rem ain i ng tubes the mineral 
gradually becomes coarser, 
until, in the tube at the right 
the particles are as large as 
coarse sand. The spaces be-
tween the particles are very 
sm all in the first tube, but in 
the last tube they are much 
larger. Notice how the height 
to which the water has risen 
increases as the soil particles 
becom e smaller. The quan
tity of water held will vary 

Fig. 2. T ub es fill ed with a soil min e ral t o 
cL n~oll st rat e the differ e nce in beig'bt of cCl_pil 
lary rise and q ua nti ty of moisture held ill 
m a t e rial of diff erent sizes . J n t1 le tube 011 

th e left the mineral is the size o f s il t and ge t s 
progressively coa r ser in succeedi ng tube s un 
til it is a coa r se sand . 

more or less in proportion to the height it has risen . 
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A farmer can do nothing to change th e t extur e of his so il. If it is 
a sandy loam it will r em<lin a sanely loam. ' Soi l structure, however , 
fl:ay be improved by plowing and cu lti vating w hen the so il contains the 
nght amount of mois tur e. Also, so il structure is aff ected by organic 
matter, additions of \\·hich tend to alleviate the fault s of both too 
hea~y and to? light so il s. Wh er e putatoes are grown on h eavy so il s . 
a hIgh organIC matter content minimi zes tuber deformities, thus in
c~easing crop quality. On the oppos it e extreme . organ ic matter reme 
dIes the textural weaknesses o f light so il s by partially fillin g in the 
spaces between grains making th e water r eservoir s smaller but more 
numerous and effectiv e. Possess in g g lu e-like propertie s, organic matter 
also tends to draw th e soil particles toge th e r into clu sters \\'hich im 
prove moisture ret ention and decrease so il blowing. The action of 
organic matt er in abso rbin g and retaining moi st urc is well understood 
and may easily be dem on st rat ed by not in g the s\velling a nd water 
absorption of a lump of elry pE'a t or lllu ck 111Jon s tanding in water. 
Actual figur es showing- the marked infiucn ce of organic matter on the 
water-holding capacity of so il s are gi\'en ill Table ]. So il samples were 
collected from old fence rows \\' he r e grass ha d g r own for many years 
and from a few rods distant in adjoining fi eld s \Vhich had been cul 
tivated under various SystE'IllS . In e very case the ~ amples taken under 
the fence row contained Illuch mor e organic matt er. a nd . consequently, 
much more moisture than those from the ct11tiva t ed areas. 

Table 1. Relation belween organic matter content and moisture-holding 
capacity in five soils. 

Soil Cla,ss 

Organic 
Matter 

Content 
Availabl e 
Moisture 

Per cent Per cent 
- -- ---------- ---- - ----------

Loamy sand ... ...... . . . .... . 

Sandy loam 

Loam . . . . . . . . . . .. . 

Silt loam. 

Clay loam. 

1.0 
3.2 

1.1 
l.8 

2.9 
4.4 

4 . 9 
11 . .'i 

5.9 
10 . . 5 

10 . 9 
18 . 2 

- - ---- -- -------1----
3.7 12 . ] 
4.8 14.5 

---- - - - - - -------------1- ---
2.4 1.5 . .'i 
3 . ] 29 . 3 

. In addition to it s moi sture -hold ing capacity organic matter also 
1l1fiUel~Ces . the pl~nt n\ltrient supply . Th e va lt1 e of decaying plant 
matenals 111 the bberatlOn of plant nutri ent s mu s t not he overlooked 
in enumerating the b en e fit s of a high so il o rg anic matt er cont ent. It is 
only in the form of o rganic matter that a supply of nitrogen can be 
built up in the soil. Thi s is because nitrogen in a readily soluble form 
is leached away by drainage water. Furth ermore, it is' only through 
the decay of so il organ ic matter that the stored nitrogen is liberated 

IThe texture of the surface often seem s to cha nge because of the loss of the 
true top soil through erosion. After several years of poor management the surface 
may appear to be richer in clay owin g to the subsoil being exposed . 
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for crop use. In addition. o rgani c matter, particularly humus, has the 
power to absorb or hold other plant fooel elements "which become 
soluble and leach beyond th e r each of plant ruots unless so held. 

The best way to incr ease the organic matter content of potato soils 
is to plow under sods of clover, a lfaHa, or s"weet clover. l\l[ore material 
is added if the ent ire crop is plowed under. ;LS is done by some very 
successful grovlers. These legume crops, w h en inocu1'ated, collect 
nitrogen from the air, and produce plant tissue rich in this element. 
As humus contains one pound of nitrogen to abo ut 20 pounds of weight, 
the necessity of adding plant residues rich in nitrogen is apparent if 
the hum us content of the so il is to be increased. 

Since alfalfa and clovers do not grow well on so ils which are strongly 
acid, it is necessa ry to apply lime to such soils in preparation for those 
crops. Potato scab is, however, much more prevalent on soils of slight 
acidity than on strongly acid so ils, so that some potato growers hesi
tate to apply lime on potato so il s. They avoid this difficulty, in part, 
by making light applications of lim e. only suffi ciently heavy to obtain 
a stand, just before seeding alfalfa or clover. In the course of several 
years, when the field is again planted to potatoes. the effects of the 
lime have disappea red. and the soil is again acid. Other growers prefer 
not to apply lim e at. all, hut to plow under Im ckwheat , a lsike or rye 
and similar acid-to lerant crops as" a source of humus. Although the 
use of the se cereal crops is beneficial it must be remembereJ thal 
th ey do not tak e nitrogen from the air but dra \v all of th eir plant food 
f rom the so il and hence are very inferior to alfalfa, sweet clover, and 
clover as soil-building crops. 

Straw, corn stover, and similar non-leguminous plant materials con
tain only about one pound of nitrogen to 100 or 200 pounds of weight, 
and, hence, are not very effective in bu ild ing up the so il humus supply. 
These crop residues are often of greatest value after being used in the 
stable to absorb liqui d " manure which increases the otherwise 1mv 
nitrogen content. They may a lso be advantageo usly used when spread 
on the land and p1mved under with a leguminous sod or manure. The 
latter material, of cou rse, is very valuable in restoring the organic 
matter supply of a so il because of its high nitrogen content. Any 
addit ion of fertil izer, lime, manure or such materials indirectly in
creases the organic matter supp'ly of the soil. This is du e to the result 
ing increase in plant growth and root development leading to larger 
quantities of plant residues which are in turn converted into so il or
ganic matter and finally into humus. 

PLANT FOOD REQUIREMENTS OF POTATOES 

Large y ields of h igh quality potatoes cannot be obtained if the soil 
is deficient in plant fooel. One hundred fifty bushels of potatoes contain 
31.5 pounds of nitrogen, 13.5 pounds of phosphor ic acid and 45.0 pounds 
of potash. These amounts of phosphoric acid and nitrogen correspond 
closely to those contained in 25 bushels of wheat or 50 bushels of oats. 
'The potatoes, however, conta in about G times as much potash as does 
the wheat, and between 40 and 5 tim es as much as the oats. These 
comparisons show that potatoes remove comparat ively large quantities 
of plant food from the so il-probably much larger than are removed 
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by grain crops, considering the grain only, produced under similar 
conditions . Should the yields approach 250 or 300 bushels per acre, as 
is frequently the case with many good potato gro-wers, the plant food 
requirements are very high indeed. In this connection, it is well to 
remember that sandy and sandy loam so ils us ually do not contain so 
large quantities of plant food as do the silt loam and clay loam soils . 
This fact is ill ustrated by the data in Table 2 which contrast the plant 
food content of several sandy and sandy loam soils with that of several 
soils of heavier textu re. 

l. . . 

2 ... 

Table 2. Analyses of several sandy and sa ndy loam soils, and of sever al 
soils of heavier texture. 

Sandy and sandy loam soils Silt loam and day loa,m soi ls 

Per Pe .. P,~ r 
Sa.mple 

Per Per Per 
Sample 

cent cent cent cent cfmt cent 
N P 205 K 20 N P 2O& K 20 

------

.074 .064 1.989 1 _ . .. . . .. ...... . .162 . 103 1 . 766 
---------

.069 .101 1. 619 2 .125 . 104 1 . 779 
------

3 ... .. . . . .068 . 071 1.360 3 . . . . . 146 .101 1 . 920 
----- ---- ------

4 .. . .078 .119 2 . 0.'50 4 . . _ . 188 . 134 1 . 591 
------ ----------

.'i .. .. .081 . 096 1 . 678 .5 . 181 .151 2.134 
------ - - -

6 . 213 . 137 1 . 880 

7 .142 .117 1.771 
- ---------- - - -- - --- - -- --- _ ._ -- -- - - - -- - - --

Average .. . . . . . 075 . 091 1 . 730 Average . .151 . 121 1 . 834 

Here it.is shown t hat the lighter soils are decidedly lower in nitroge n 
an? contam appreciably less phosphoric ac id and potash than the heavier 
sOlIs. It thus becomes evident that the problem of soil fe r t ili t y is de
cidedly an important point of consideration in potato production. 

T he necess ity of maintaining soil fertility in the production of profit 
able potato crops was early discovered and, with it, came a demand 
for more information concerning the management of so ils for potato 
growing. The Soils Section of the Michigan Agricultural Exper imen t 
Station undertook to answer questions relative to the subject, and, 
toward t hat end, began a systematic study of the problem in 1923. The 
investigat ions were confined mainly to the soil types best suited to the 
product ion of potatoes, because it is on these that the Michigan pota 
toes m ust be grown if they are to compete successfully with those 
grown in other . states and so m~in~ain their .places in 1\1I ich igan agri 
culture. The SO lI survey, by class lfymg the SOlI s of t he state, has made 
possible a definite and systematic basis for the work. 

The. information sought was classified under several headings, chief 
of whIch were: 

1. The value of manure a s a potato fertilizer. 

2. The correct proportion of the three plan t food e lements-nitr oge n , 
phosphoric a cid, and potash-which should b e contain ed in comme r cial fer
tilizers used on Michigon soils in order to obtain the highe st yields. In other 
words, t o determine the correct comme r cia l fer t ilize r a nalysis to use . 

3. How much commercial f e rtilize r should be a p plied . 
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4 . Where comme rcia l f e rt ' lizer should be placed with reference to the 
seed piece to obtain th e ear liest emergence of the plant and the highest 
yields of marketa ble t u bers. 

5. In what m a n n er irr igatIon practices would modify soil management. 

6. The valu e o f applying a side dressing of fertilizer at the time of the 
first cultivatio n . 

11 

The following pages are devoted to these po ints , the concl u sion :" 
being based on the evidence obta ined from the data and res ult s of the 
last 15 years work. With the fev/ except ion s not ed, late po tatoes were 
used in all of the studies. The exact var iet ies were no t recorded, b ut 
in every case, they were su ited to the local ity of the tes t fi elds. 

MANURE AS A FERTILIZER 

Manure, the value of which has been demonstrated each season, "vas 
probably the first fertilizer used in Michigan for pot ato g rowing. I n 
early years . however, growers were cau t ioned aga ins t its use on the 
basis that it 'would increase damage by scab. The same opini on is o ft e.n 
heard today. There may be some reason for th is war n ing, although It 
should be remembered that if the so il or seed is in fec t ed w ith the scab 
organism, scabby potatoes will result when conditions are su itable 
regardless of ,;vhether the land has been man ured. Ca reful tr eatment 
of seed and the use of a rotation which does not permi t planting t he 
crop on the same land oftener than once in five or six yea r s a re the 
best safeguards against scab. The val ue of manu re as a fer tili zer and 
source of. humus is too great to warrant discont inuance of it s u se 
through fear of increasing scab damage. As a late applicat ion of fresh 
manure may materially increase the damage from a light soil infec
tion of scab, fresh manure, when used should be applied several months 
before planting t ime. 

Manure v,Thich is very "stra wy" should be applied and plowed under 
as early' in the spring as possible, so that the straw may be largely 
decayed before the potatoes are planted. Otherwise, t he bacteria that 
are decaying the straw wi ll u se up some available n it rogen, causing a 
scarcity for the potato plants. Rotted manure should be used if the 
application is to be made a short time before plant ing. Rott ing manure 
before applicat ion is not advised as a general practice, however, be
cause of the large loss of plant food and organic matter which occurs. 

Manure is not a well balanced fertil izer, due to its low content of 
phosphor ic acid. and. in consequence, m uch of its nitrogen and potash 
may be lost instead of being used by t he plants. In gen eral, best results 
have been obtained when man ure 'vas suppl ement ed with an application 
of complete commercirtl fert il izer. Wher e this is no t used, superphos 
phate in quant ities amount in g to 40 or 50 pounds per ton of manure 
should be applied. The complete fe r t ili zer or superphosphate applica
tion is usua ll y made t h ro ug h t he fe r t ili zer attach men t on the planter, 
in preference to m ix ing w it h the man ure w h en it is spread. 

There is some danger of applyi ng too mu ch manure for potatoes, but 
a moderate application of fro m 6 to 10 tons to the acre supplemented 
with fertilizer ma]u's a more efficient use of th is m a terial than larger 
quantities llsed a lone . These principles are ,veIl illus t rated hy the 
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Table 3. Effect of manure on yields of potatoes. Rossman field on 
Isabella sandy loam. Montcalm County, 1928. 

Kind of fertilizer 

No fertilizer .... . 

Manure .. . .. . 

Manure .. . .. . . . .. . 
and 8-16-8 .. . . . . 

8-16-8 .. . . .. . 

No fertilizer .. ... 

Manure ..... . 

Manure . . .. . 
anrl 2-12-6. 

2-12-6 .. 

Manllre .. ... . 
and 2-12-fi. 

2-12-6 . . 

Treatment 

S tons . .. 

S tons } 
300 lb . . . 

300111 . 

S tons . 

S tons \ 
.'iOO lh . J ' 

.'i00 Ill . 

Rate 

R t-'ms \ 
1,000Ih. I· · ···· 

1 , 000 lb. 

In~rease 
Yielrl due to 

(in. bushels treatment 
pel acre) (in hushels 

per acre) 

67 0 

234 167 

283 236 

---------
122 55 

1H) 0 

232 113 

2RO ] 61 

221' 109 

3fi1 242 

30.'i 186 

data shown in Table 3 obtained in an exper im ent on the farm of Mr. 
R. Rossman in Montcalm County in 1928. 

Large increases in y ields resulted \\"herever manure or commercial 
fertilizer was applied but the largest increases in yields were obtained 
where both manure and fertili zer were applied. 

COMMERCIAL FERTILIZERS 

Analyses Best Suited to Potatoes 

Exper im ents to determine which fertilizer analys is 1 was best for 
potatoes \vere start ed in 1923. In that year, six similar experimental 
fields were established 011 si x different farms in the dominant potato 
producing areas in the northwest section of the lower peninsula. As 
previously mentioned, these fl eids were located on soil types partictl
larly adapted to potato production. Four different commercial fer
tilizer s containing various proportions of the plant food elements were 
selected for the study. The flrst ,va s a 0- 16-0 mixture, carrying only 
phosphoric acid (P,!O..,), then nitrogen (N) was introduced in a 3-12-0 
analysis, and, finally, t\\'o complete fertilizer J1l ixtures containing N, 
P~O", and potash (K:!O) w er e employed in an effort to determine the 
effect of all three plant fooel clements on potato yields. T\;vo complete 
fertilizers \vC're used, because it W;lS thought that the comhinatio'n of 
pI ant food e1 emen ts proclllci 11 g tIl e 11 i gh est yi eld might th llS be dis -

lThe allaJy~is of a CClll 11l1 e r c i<ll ferlili;c e r (r e quired b v s tate law to be shown on 
all bago; and packages ) indicat e s tIll' a1l10uIlt o; nf l11e pl<111t food elements- nitrogen 
(N), phosphoric acid (P:·OJ . and p()la ~ 11 (K ,.O ) preo;el11 in the material. Thus a 
4- 16-4 fertilizer contaill s 4 '/r total N, 16% available P cO", alld 4% water soluble K~O . 
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plots of approximately 1/ ]( 
by hand at the rate of 400 
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all in order that the gain il 
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by the use of commercial j 
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tubers was also increased. 
types represented, so it ma; 
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The small responses to fert 
Kent County were due to t 
management and in a high 
by comparing the check plot 
fields . 

Table 4. Effect of fert 

. Location of field . . . Emmet 
County 

Cooperator .. . . . . . . .. H.eberg I 

Bros. I 

Soil type . . ... . .. . 

Grade of potatoes . . 

Onaway 
loam " 

1st 2nd 

0-16-0. . . . . . . . . . . . . . .' 296 1181 
-------------
3-12-0.... 179 

3-12-4. . . 189 10 

3-8-6. . . 187 

Check .. . .. 160 

*Yields in bushels per acre. 
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farms in about the same are 
sula. Three complete fertili; 
size of plots, method. and 1 

the same as in the previous: 
Again as shown by the re s 
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No. l's over No. 2's again ir 
by use of fertilizers. There 
various fertil izers, although 
to increase the yields on mor 

The desire to throw mort 
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covered. Each of the six experimen ta l fields was divid ed into fi ve 
plots of approxima tely 1/ 10 acre in s i:.-:e. Fertilizers were broadcast 
by hand at th e rate 0 f 400 pounds per acr e and dragged in be for e the 
potatoes were planted. One plot in each {-Ield rece ived 11 0 fe rtilizer at 
all in order that the ga in in product ion due to each kind of fertili zer 
could be determined. 

An examinati on of the data p r esent ed in Table 4 show s that sub
s tantial increases in y ields were ga ined on all except the Hammer field 
by the use of commercia l fertili zers. Th e small proportion of No. 2 
potatoes harvested from fertilized plo t s indicat es that the size of the 
tubers was also increased. These effects occurred on all of the soil 
types represented, so it may be in [erred that most potato so ils would 
give greatly improved po tato y ields under proper fer tili ze r tr eatment . 
The small re sponses to fertiliz<ltion observed o n the IIammer field in 
Kent County were due to the fact that thi s fi eld wa s under exce llent 
management and in a high s tate o f ferti li t y . That fact is emphasize u 
l>y comparing th e check p lot y ield s fro1l1 thi s farm to t hose fr o lll o ther 
11 elds. 

Table 4. Effect of fertilizer analysis on potato yields III 1923.* 

. Locatioll of field ... Emmet K ent Antrim :Mecosta 
C ounty C OIlllty County CO Ullt .V 

Average 
Inc rease 

Cooperator .. . ... . . . .. neberg K A . I J 
G. I R . C. .T • due to 

Bros. Kellogg I r al lHlI e r Tobias Bennett NO lld fe rtilizer 
( Bu . per 

---- acre) 

Soil type . . ...... . . Ollaway rsahella loam l\ rancelona Kent 
loam sanel 10alll 

------ - ---- --- -
Grade of potatoes . . . 1st 2nd 1 st 2nd 1 st 2nd 1s t 2nd 1 st 2nd 1st 2nd 1st 2nd 

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

.. 296 1181 317 0-16-0 . .... . .. . .. .. .. . . . 7 220 10 34 9 177 8 238 2 32 
- --------------- - --------- - - ---- - - . - ' ----
3-12-0 . .. . .. . . . . . . . . . . ... . 179 9 357 9 266 R 152 5 148 9 235 4 26 -1 
- -------- - --1-- ------------ -- - ----_.---- - -
3-12-4 . . . 189 ]0 2.'54 4 295 6 158 7 198 5 282 2 32 -3 
- ------------ ------ ---------- _ . - - -- - - - - - -
3-8-6 ... 187 _~ ~I~ 29~ ~ ~1 __ 7 ~_7 ~ _ 1 ~ -2 

160 7 270 8 285 7 106 10 155 15 204 2 . . .... . . Check . .. .. . . . . . .. . . . .. . 

*Yields in bushels per acre . 

The following year, s imilar exper im ents were establi sh ed on three 
farms in about the same area in the north ern part of the lower penin
sula . Three complete ferti li zer s w er e used as shown in Table 5. T he 
size of plots, m ethod. and rate of fertilizer applicat io ll were exactly 
the same as in the previous year. 

Again as shown by the res ult s in Table 5 it was found that fertilizer 
treatments resulted in increased yields. The proportiona l increase of 
No. 1's over No. 2's agai n indicated that the tuber size was increased 
by use of fertilizers. There was little difference in the effect of the 
various fertilizers, althoug h increases in the potash conten t seemed 
to increase the y ields on more than half of the plots. 

The desire to throw more light on this doub t ful point led to the 



14 M TCHICAN S PECIAL BULLETIN 299 SOIL MAN, 

Table 5. Effect of fertilizer analysis on potato yields in 1924.* 

Locat ion of field ..... . ... . . . . . 

Cooperator . ... . 

Antrim 
C ou llL y 

G . Tobias 

Kallmska 
Co unt y 

AnLrim 
Seed C o . 

Wexford 
County 

G. Elnlore 

Average 
iIlcrease 
in yield 
due t.o 

- - ------------- ---- - ------ - - - - ---------
fertilize!" 

t reatment 
(Bu . per ac re) 

Soil type .. .. . . .. . ... . . . .. .. . Rubicon 
saud 

lVf ancclona Emmet 
sandy loam sandy loa,111 

Grad e of potatoes . . . .. . . .... .. . . . 1st 2nd 1st 2nd 1st 2nd 1st 2nd 

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

0-16-0 . . . . . . . .. . . . .. . . ... . . . . .. . . 199 6 126 10 174 33 49 9 
------ - -- --- - -----1--- - ----- - - - - - - - ----- ---
3-12-0 . . . ....... . . . 190 10 139 14 156 33 43 11 
---- - ------------ - - - - - - - _. --- - - - ------ ------
3-12-2 . .. .... . . . . . . 185 7 9.'5 14 139 25 21 7 
---- ------------- - ----------------- -------. 
3-12-4 . . . . . . . . . . . . . 209 5 109 17 1.'56 25 39 8 
- - --_·_ - - ------- --1------ - - - ----. --- -------. 
3-12-6 . . . . . . . 187 2 88 17 213 16 44 4 
- -------- -------- --- - - - ------ --------------
Check .. .. .. .. .. . 142 o 82 17 119 8 

*Yields in bushels per acre . 

es tablishment of a series of plots in 1925 and 1926 on the farm of Mr. 
E. E. Ferguson in Antr im County. Seven plots were laid out in 1925. 
The next year, six plots were established in a new fie ld but on the 
same soil type which was a Mancelona gravelly sandy loam. Fields on 
which potatoes had been grown within five or six years were always 
avoided in order to minimize danger of disease. An application of 300 
pounds per acre of each fert ilizer was broadcast before planting tim e 
the first year. The following season the application was increased to 
400 pounds per acre . The results of this work are given in Table 6. 

Table 6. Effect of fertilizer analysis on potato production ~n 1925 and 1926. 
Yields are in bushels per acre." 

Analysis used 0-12-0 3- 12-0 3-12-4 3-12-8 3-12-12 3-12-16 C heck 

-------- - -----1---- ---- - - --'--- - ---. ------

1925 Yields-No. 1 . .. .. ... . . . . 
N o.2 . . .. . . 

1926 Yields- No. 1 ... .. . . .. . . 
No. 2 . ... . .. . 

A verage increasE' in yield due to 
tel tilizer over two years - No. 1. 

No.2 . 

199 
9 

120 130 
16 6 

--- ---
153 172 

18 21 
- ------

16 3 1 
10 6 

122 121 100 99 
8 9 10 5 

- - - - -----------
177 102 194 141 

16 13 18 9 
---- - ------- ---

30 36 27 
5 4 7 

In 1925, as 111 the t wo preceding year s, a fertilizer supplying P 20,. 
alone was used. As in several other cases during the course of the 

lWhen interp ret ing this type of data, it should be remembered that because of 
seasonal variat ions the figur es in different years cannot be compared. For instance. 
the 1926 yields were greater than those of 1925 b ecause climatic conditions were 
more favorable to potato production in that year. For these reasons the conclusion 
that a 3-12-8 analysis is much better than a 3-12-12 is entirely erroneous. A true 
analysis of the data can be made only by comparing yields of a single season. 
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Table 7. Effect of fertilizer a nalys is on potato yields in 1927 and 1928 .* 

Fertilizer Analysis 

Cooperator Location Soil Type (County) 
00 "? "? 00 00 

00 
00 00 "? 0 

<D <.C <D 00 <D ~ <D <D <Z 9 r1 C'l ..... , , ..... ..... ,..... 
~ "? ..... , 

<D 
, , , 

0 C'l .". 00 .". "<t' "<t' "<t' "<t' "<t' 
--------------------

Peeble, P. S .... . Antrim ....... Onaway sandy loam .. . 156 147 189 169 176 191 202 205 193 193 19.5 
--------------------

Mankowski, V . . Otsego ....... Roselawn sandy loam. 191 194 209 197 214 187 194 214 200 229 157 
----------------------

Griswold, E ..... Kent ........ Kewanee sandy loam .. 19J 2J4 2J1 210 198 173 19) 2 )6 192 189 140 
---- ----------------

Woodstock, Wm . Emmet ...... Onaway sandy loam . .. 341 343 333 318 267 261 340 348 358 393 333 
--------- - ------ - - --

Hoopfer, W .. .. Kalkaska ... . Onaway sandy loam . . . 264 272 268 249 221 240 237 253 254 231 207 
------------------- -

Crebbs, IV. C ... Antrim ..... .. Rubicon sandy loam .. 242 246 247 268 258 208 208 228 232 250 236 
------------------

Bennett, R. C ... Antrim .... Rubicon sandy loam .. 146 183 208 226 226 205 214 233 229 221 200 
-------- - - ------ ----

Inglis, W . G .... Presque Isle .. Onaway sandy loam ... 293 299 329 207 301 279 286 300 293 300 244 
------ - - ------------

Greenman, C ... Otsego ... .. .. Mancelona sandy loam. 237 264 279 265 260 262 269 279 296 265 268 
--------------------

Gray, R ..... Kent ........ Isabella loam .. .. 125 139 131 151 181 140 139 152 177 1Q7 83 
--------------------

Dreff, A . l\'[ .. . . Otsego .. ..... Roselawn sandy loam . 132 110 161 174 132 142 131 122 140 133 106 
--------------------

Stimson, J ...... Alpena .... . . Onaway loam .... ... . . 263 234 335 318 .... . ... . ... . . . . . . ... . . . . 344 
--------------------

Rossman, R .. . M ontcalm . .. . Isabella sandy loam ... . 169 176 159 .,' . 142 78 120 .., . 96 98 22 
------------------

A verage increase in yield due to fertilizer t reatment ... . ... 35 40 58 45 48 30 44 .55 54 55 19 

*Yields in b ushels per acre. 

C'l 

l' 00 , 
<D <D <D ..... ,..... , 
.,J. .,J. .... 

------
183 226 198 
------

157 172 18i5 
-------

167 183 208 
------

370 390 408 
------

228 239 257 
------
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206 218 222 
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324 242 314 
------
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---- - -
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investigations, this fertilizer produced greater increases in yields than 
can be accounted for in view of the fact that so much evidence has been 
obtained which points to the superiority of a complete fertilizer. Other 
fertilizers employed in this two-year test contain ed Nand P20i\ in 
a constant ratio \vh ile the proportion of potash was changed, thus 
forming a potash series. According to the results presented in Table 
6 it may be seen that the inclusion of 40/0 of K 2 0 in the fertilizer re
sulted in a decided ill crease in yield. 'Ihe increase of this amount to 
8% d id not enlarge the average increase in yield; and the increase 
when the K 2 0 content was rai sed to 12% was comparatively small. 

The next year, a very comprehensive project was started in order to 
study in more detail the inAuence of N. P 20:;, and K 20 in relation to 
one another. Thirteen test fI elcls were located in the northern part of 
the lower peninsula and in the Greenvill e area. Each field was d ivided 
into 16 plots, 15 of which received fertilizer leaving one as a check. 
Fertilizer treatl1lel1t svvere divided into three groups of five each. In 
the first group, th e amount of P~O :; and KeO in each fertilizer re
mained constant and the percentage of N varied. The second group 
contained constant alllounts of N and K~O with the amount P 20G chang
ing. A K~O se ri es lllade up the last group; that is, the amounts of N 
and P 1 0 G relllained th e sallle wh il e th e K.10 content increased. Applica
t ions consi sted of 500 pounds per acre broadcast before planting time. 

Here again the use of cOlJlll ](.: rcia.l fertilizers resulted in consistent 
increases in yields. In most cases, much higher yields were obtained 
from the fertilized plots. At the bo110111 of the table is shown the aver
age increase in yield of fertilized plots over yields of unfertilized plots. 
The averages illustrat e the importance of a balanced [ertil izer mixture. 
For instance, in the first series of 5 plots, the yields increased with in
creases in the N c011tent o[ the fertilizer until it reached 4%. Addi
t ional n itrogen not ollly failed to result in greater yields, but actually 
caused a decrease. This is explained by the fact that excess nitrogen 
results in a hea vy, v(:r<1aI1t foliage and delayed maturity. Increas ing 
the top growth makes a large. we ll -distributed rainfall imperative, 
while the failure of the crop to ripen normally increases the hazards of 
late blight and fro st damage . Thus, too much nitrogen may indirectly 
lead to smaller yields. In the seco nd ser ies of five plots, increases in 
yields due to increases in the amo unt of P ~05 contained in the fertil izer 
were fa irly constant until 160/0 \,vas reached. Thereafter great er ad
ditions of P ~05 failed to make addit ional increases in production. Sim
ilar results were given by the potash serie although there was a slight 
increase when the K~O cont ent was raised from 12 to 160/0. Most 
rapid increases occurred as the K~O content of the r erti li zer approached 
8%. This point is empha sized again in later resu lts. 

In s umming up the yields obtained in these two years, it is apparen t 
that a 4-16-8 analysis gave the most efficient returns. This conclus ion 
\vas substantiated the following year wben this fert ilizer was compared 
w ith four other ana lyses on the farms of Mr. K. King, near Greenville 
in l\10ntcalm County, and lVJ r. R. C. Dennett, near A lba in Antrim 
County. In hoth fields the 4-10-8 analysis gaye considerably greater 
yields t han did any other grade. The average yields are shown in 
Table 8 with the increases obtained. 

SOIL MAN. 

·"table 8. Effect of fertilizer a 
increases are in bUi 

Fertilizer anaJysis .. . ... . . ... . . . 

A verage yield .... 

Inc rease d ue to fertilizer . 

The fo llowing year, 1930 
fall dur ing the growing se, 
m ental plots . moist ure. ra 
most limit ing factor. No ( 
fore, be dra \" n from the t 
sig ni ficant, however, in th; 
a r e ac tua lly li mited by lacl 

A ll of the plots get ve E 

seaso n fertil izer applicatiOl 
duct ion; in fact, in anum 
fert ilizat ion. 

Table 9. Effect of fertilizer an 
bushels of 

Cooperator 

Blin, W ... 

Aseltine , L . . 

MacPherson, D . 

Bi rd , S ... .. 

King, K .... .. 

Griswold, E ... 

Locatioll 
(Co ll nty ) 

Ingham .. 
- ---

Ingham. 

Kent . . 

Ionia. 

Montcalm 

Kent . ... 

::5oi 

. .. 
---

Isabella 

Isabella 

Fox sam 

KewaneE 

Looking back over the i 
will be noticed that the ro 
so well defined as that of 
seem to increase directly 
vi ding Nand P 20:. are Sl 

analysis studies during the 
to the investigation of thi 
sions could be obtained as 
This work \vas done on t, 
County) and of Mr. S. P. l' 
in the Gr eenville area are . 
at planting time in the ma 
Each treatment was repeat· 
to eliminate the variable f; 
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'Tlable 8 . Effect of fertilizer analysis on potato production in 1929. (Yields and 
increases are in bushels of marketable potatoes per acre.) 

Fertilizer analysis .. .. .. .. .... .. . 4-16-4 4-16-8 4-16-12 8-16-8 6-8-6 Check 

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

A verage yield .. .. 176 . 9 192 . 3 154 . 9 148 . 1 171. 6 147 . 1 

Inc rease d ue to fertilizer ....... . . . . . ... . 29 . 8 45 . 2 7 . 8 .4 34 . 5 o 

The fo llowing year, 1930, \\'as very dry \\l ith poorly distr ibu ted rain
fa ll during t h e growing season. Consequent ly, on many o f t he experi
m ental plo t s, mo ist ure , rather than lack of pla n t n ut ri ents . was t he 
most limitin g factor. No defin it e nor accurate conclu sions can, there 
fore, be d ra \\' n f rom the t es t s of t hat year. The data in Table 9 are 
s ig nifi cant , how eve r, in that they shoyv to what ex t ent potato y ields 
a r e ac tually limi ted by lack of so il moistur e. 

A ll o f t he plot s gave ex tremely low yields. Because of the dry 
season fer tili zer appl icat ions did 110t cons isten tly 1l1crease pota to pro
duct ion ; in fac t , in anum ber of cases th e yields were decreased by 
i er t ili za tio n. 

Table 9. E ffect of fertilizer analysis on potato production in 1930. (Yields are in 
bushels of marketable potatoe s per acre.) 

Cooperator 

Blin, W oO 

Aselti n fl , L. 

Location 
(Coll nty ) 

Ingham . . 

Ingham .. 

t)oi J Type 

l'vl acPherson , D. Kent .... Isabella loa.m . 

Bi rd , S . . .. ' Ionia . . .. Isabella sandy loa m .. 

Fe rtili zer Analysis Used 

------- _._-------------

UJ ~ UJ 9 Col '1' 
::; ~ .., .., .., .., C) 

<::l cD cD <l) 
rl rl 

I 
.-< 

I 
rl ..c: 

0 Col ~ "<1' ~ ~ ~ 0 
--- - - ._- - - - - - - - -

80 . H . 62 . 2 . 68 . 7 56.1 

50 . 2 . 48 . 1 48.0 55.7 

63 . 5 57.!-) . 6.').8 6] .3. 6.5 . 6 

(;0 . 1 65 . 3 72.2 67 .8 .... . 70 . 3 
- -- ----11- ---·1--------- - .-- -- ---- ' - - - - ----.--
K ing, K . . . . . . Montcalm Fox sandy loam . 95 . 0 75 . 0 97.6 86 . 9 . 77 . 8 

G riswold, E .. Kent. . . .. Kewa,nee s(Lnd y loam. . ] 15. 2 11.5.8 . . . . . 116 . 3 121. 0 . . . . . ] 06 . 6 

Looking back over the investigations, particularly hom 1925 on, it 
w ill be not iced that the role of K 2 0 in increasing potato yields is not 
so well de fi ned as that of N or P 20". In general, however, the yields 
seem to increase directly with the K 20 content of the fertilizer pro
vi ding N and P20~, are supplied in the ratio of about 1 to 4. The 
ana lys is studies during the period 1931 to 1937, inclusive, were confined 
to the invest igat ion of thi s point in order that some definite conchl
s ions coul d be obtained as to the eff ec t o[ K~O on potato product ion . 
This wo rk was done on two farm s- that of Mr. K. King (Montcalm 
County) a nd of Mr. S. P. Mathias in A ntrim County. Result s obtained 
in t he Gr eenv ille area are shown in Table 10. Applications were made 
at planting time in the manner and at the rat e indicated in the tahle, 
Each treatment was r epeated fi ve, and in som e cases s ix, time s in order 
to eliminate the variable factors of so il and topography of the land. 
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In 1938 a ser ies of expe rim ents was establi shed on the heavi er potato 
soils in Emmet County. Treatments consisted of 500 pounds per acre 
of the various fertiliz er s appli ed in bands two inches out on both sides 
of the seed piece and on the sa me plane . Applications \ve re made by 
means of a standa rd fert ili zer attachment on the planter. In o rder t o 
elimin at e th e effect s o( var iat ion in so il , fo ur repli cations o f each 
treatment were made. 

Table 12. Effect of fertilizer analysis on potato production in 1938. 

(Yields are in bushels per acre.) 

Location of field . . . . . . . . . . . . ... . . Emmet Co unty Emmet C Ollllty E mmet County 

- ---------------- ----- ------ - ---_._--

Cooperato r ..... . .. .... .. . o. n.. Cook o. Overholt F . Sluyter 
Per cellt 
increase 

in average 

- - - - ---------- - - - - - - -------I-.------Illr.~;~~~a~le 
Suil type . . . . . . . . . . . . . . . . . . . . . . . . . . On;tW;1Y loam Onaway loam Onaway loam potatoes 

-. - - - -------------------------J-- -----j 
No.1 No.2 No. ] No.2 No.1 No. 2 
--- - ----- - _ _ _ ___ - --·1----

0- 12-12 . . . . . . . . . . . 277 18 265 21 220 10 38 
- -----_·_--- ------1--- - --- ------ - -- - -- - ----
3-12-12... .... . . .. . . 307 21 29."> 25 21\:1 12 49 
--------_._--_._-- - - ------ - -------- - - --
3-12-6 . . 2!)9 20 262 25 2 15 13 37 
- - ----------_._._- - - --------- - - - - - - ---- -
3-16-8 .. 276 18 273 25 213 14 39 
- ---------------- - ------ ---------------
4-16-8 . . 308 18 276 26 2 14 14 45 
--------_._--------- ------ ------ ------
3-9-18 . . 275 19 309 22 231 9 46 
- - - ------------ --- -------------- -----
C heck . . .. . 205 19 200 26 116 12 

The data in Table 12 show that a ll fertilized plots produced substan 
tially larger yields than did the untreated plots. No single analysis, 
however, consi stently produced more than any other on all three farms 
although the 3-9- 18 fert ili zer produced slightly greater yields in two 
out of thr ee cases. T he percentage increase of the average yields of 
fertilized over untreated plots shows that the 3-12-12, 4-16-8, and 
3-9-18 fe rtili zers produced somewhat greater increases than did the 
re ma ining three. 

To summarize the analysis studies, the 4-16-8 more often than any 
other fertilizer gave large and efficient increases in pota to yields. 
Season after season, und er a variety of weather conditions and on 
every so il t ype, no other analysis as consistently produced yields rank
ing among the highest . There is, however, sufficient evidence to justify 
the opinion that a higher proportion of potash to phosphoric acid as 
wo uld be supplied in a 3-12- 12 fert ili zer would, under certain conditions, 
g ive as good or possibly better results. 

Rate of Application Studies 

The study of the effect of th e amount of fer tilizer applied on potato 
production was started in 1925 on the farm of Mr. R. C. Bennett in 
Antrim County. The plots were locat ed on Mancelona sand. A blanket 
application of 500 pOllnds per acre of 3- 12-4 was broadcast over a ll 
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(Yields are in bu 

( :ooperator . . . Jud son, 

Location (County) .. 

t)'1 il type. 

Fertilizer llsed . .. 

jII ()O(ho ([ of (tp plication . 

2.')0 I hs. / acres . 

::I7.':i I hs ./;tcrcs . 

.':i00 1 hs ./<tcrP.S. 

7.'i0 Ihs . / ar rm; . 

I , 000 Ihs. i ac rt'\s . 

1 ,.'i00 lbs. / arrP.s . 

Check . 

-------

L eWLII'( 

TkrriC'l 
sand 

4-HH 

Rand~ 2' 
and on sa 

plallc 

12:; 

127 

. .1---12:1 
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Table 13. Effect of rate of fertilizer application on potato production in 1925. 

Plot No . . 2 3 4 

Total f ertili zer appl ication . . 1 , 000 1 , 2.')0 1,500 2 ,000 

Yields (hu sh el s p er a.c re) . 240 250 286 262 

------------ - -------- _. ----- .------~----~------~-------~---

plots before planting t im e. Add itional application s of 3-12-4 were 
applied in th e row a t the time of planting. 

The data presented in Table 13 sho\V that the y ields increased with 
increasing amounts of fe rtili zer until the appli cat ion exceeded 1,500 
pounds per acre . Since a la rge part of the applicat ion was m ade directly 
in the row, th e decrea e in yields with heavier applica tions vvas in all 
probability due t o injury to the potato sprout . 

In 1927, exper im ents were lai d out on four different farms. None 
of th ese plots received an initi al broadcast treatment as in the pre
ceding year. 

The data presented in Table 14 show that in 1927 co mm ercia l fer
tilizer s generally increased potato y ields. Except in the case of the 
Hoopfer field the yie lds increased w ith increas ing quantit ies of fer 
tilizer, but th ere is littl e indi cat ion from the data that appl ications in 
excess of 500 pounds ,vere adv isable. 

In 1929, th e experiments we r e cont inu ed and as shown by the data 
in Table 15 the conclusion s to be drawn strengthen those of the pre
ceding year. That is, on an average, an appli cation of 500 pound per 

Table 14. Effect of rate of fertilizer application on potato production In 1927. 
(Yields are in bushels per acre of salable potatoes.) 

( :ooperat.o r .. . ,TlJ(I Ron , F . D em erest, M . 1\1. Hoop fer, , V. J . O rr , W. D . 

Lo('a,tioll (Collnty ) . . Otsego Antrim 1\1 011 t ea,1 m 

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

~')il tyne. 110rrinn 
sand 

H.osf\hLWn 
sand .\' 10,LJlI 

On<l,W,L Y 
ti<l,n d y 10;LJIl 

I s,d1011a 
s,tnd.\· loam 

_ ._------------ --_._--- -- --------_. ------------------

Fertili ze r Ji sed . . . 

J\l olhorl of apnli ('ati oll . 

2:')0 I hR. / acres. 

:n'i I h s./'L(' r ('s. 

'i00 I h R. / a('rP.s . 

7.'10 Ihs. / arrf\s . 

1 ,000IhR. i ac rp.s . 

1 ,500 I h R. / a.r rt,)s . 

C hp('k. 

1.- 1 (i - '1 

l1,md s 2" 0111 
and on R,Llll e 

plallo 

12') 

1'27 

:1-- I ~ :, 
._- ------- -- - - ----

2- 1 (Hi 2- 1 (i - Ii 2- 1 (Hi 

Bands '2 " Ollt ,mel 2 " below s<)(' ,1 pi o('!; 

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

I :~1 

21 1 

Ion 

1'1 7 

I T;-

( j li IRfi 1'1 2 

--~- .- ._---
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Table 15. Effect of rate of fertilizer a pplication on the yields of potatoes in 1929. 
(Yields are in bushels of marketable potatoes per acre.) 

Cooperator .. . . . Judson, F . Valentine, J . Rossman, n. 
-- --- ------- -------1-- ----- 1 

Locati on (COImty) . 

Soil type ... 

Fertilizer lJsed . 

2.'iO Ibs. /ac re .. 

300 1 h s. / aerc . 

.')00 1 h s. lane . 

1 ,000 I bs. l aere. 

1 ,.'500 lhs. he re .. 

Check .... ... . .. . . . 

Lena;wee Tuscola Montcalm 

-----
Berrien Fox IsabelJa 

sanel sanely lo ftIn sanel y loam 

4-16-4 2-16-8 4-16-4 2-12-6 

88 () .'5 
------

140 
- --- - --

128 170 14() 119 
--- ---

136 178 17.'5 

.-. '-'-. -'--- '78---I---~5-7-----' -gO-' - 1~~_ 
---------------

acre seemed to g ive the most economical results. Higher rates, how
ever, were considerably more effective w hen the 2-12-6 was u sed on the 
Rossman farm. 

Mr. Judson cooperated in 1930 and again in 1932 on s imilar field tests . 
In the former year, a 2-16-8 analysis was used in bands two inches out 
and two inches below the seed p iece. In the latter year, th e same place
ment was employed, bu t the analys is was changed to a 4-1 6-4. The 
soil type was Berrien sand. 

The data shown in Table 16 indicate that from 250 to 500 pounds o f 
fertilizer per acre are sufficient. Larger applications did not result 
in increas es sufficiently large to compensate for the extra expens e 
involved. 

More conclusive evidence to this effect is found in the data obtained 
from an experiment which was repeated four years on the farm of Mr. 
K. King in Montcalm Co unty. 

In two of the four seasons a 600-pound applicat ion gave the highes t 
y ield . In 1932 and in 1934 heavier applica tions gave larger yields, but 
the economy of these increases is questionable. This is especially true 
in the latter year when the 600-pound applicat ions gave a sub stantial, 

Table Hi. Effect of rate of fertilizer application on potato yields in 1930 and 1932. 
(Yields are in b:lshe~5 per acre of marketable poL:?toe5.) 

Yea, r . " 10:30 1932 

-------------~ -------_ ... 

2;')0 P()III l< l s per ant'. of tf - 1G-4 . 72 107 
------- . __ ._----

.'i00 P01Ill<l S pe r a('l'e of 4-1()-4 107 
----- ----------- - ---------------- ---- ---- _. 
l . 000 pO llml s pcr (1('1'0, of 4-16-4 . 109 9() 

Check pounds pp,r acre of 4-1 G-/I . 7.'5 
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(Yields are in bush 

Year .. . .... .. ...... . . ... . . . . .. . . .. . 

~Jil type ........ . 

Analysi s used ... . ............ . ..... . 

Methocl of placement . 

~ 

.S <lJ 300 .... . ..., .... 
c;le;) 

.~ cO 600 ... . 
§:d3 
cO Po 900 .. ... 

..... ui 
o..a 1,200 .... . 

~~ cO'~ Check ... 
~ 

and probably profitable, inC! 
tion 50% res ul ted in only a : 
to decrease the profit derive 

A similar test was condu( 
County. The soi l type was J 

ment consisted of varying a 
both s ides and on the same 

In 1936 substantial incre 
ferti lizer. Under certain co 
observed. B ut, even so, th 
tainty of the potato market, 
appl icat ions cannot be ovel 
With those problems in mi 
applicat ions heavier than 5C 

Table 18. Effect of rate 0 

year .... ..... . . .... . 

~ 200 pounds per acre of 4-12-8 .. 
.~ 
.~ _~~_0_p_o_un_d_s_p_er~_cr_e_o_f_4-_12_-8_.: 
"2. 
~ 
cO 

400 pounds per acre of 4-12-8 . . 

500 pounds PH acre of 4-12-8 .. 

700 pounds per aere of 4-12-8. 

Check ..... 
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Table 17. Effect of rate of fertilizer application on potato production. King field . 
(Yields are in bushels of marketable potatoes per acre.) 

year ............. . . . ... . . . ... .. ........ . 

~diJ type ... 

Analysis used ........................ . 

Method of placement ..... . . . .. . . ... . 

.:: 
·3 ~ 300 .. .. . 
QC;> 

.~ ~ 600 ... . . 

2:~ 
~ Po 900 ..... 

.... en 
0.0 1,200 ..... 

3~ ~.- Check ... 
~ 

1031 1932 

lV[ontcalm Fox 
sandy loam sanrly loam 

4-8-7 

1933 1934 

l\[ontealill 
sandy loam 

4-12-8 

2 inches Ollt on boLh sides amI 2 incll\:s below the pla.ne 
of the seed piece 

1.')2 lR7 1 ;~g 260 

180 100 IG:l 276 
~~~-- -------. 

17:,) 188 un 283 
-----.-- ---

178 2]0 144 276 
-. -------------

14:3 16H 13!J 238 

and probably profitable, increase in production. Increasing the applic:l
tion 50ro result ed in only a slight increase in yield. The next effect was 
to decrease the profit derived from the crop. 

A similar test was conducted on the farm of }\/[r. Mathias in Antrim 
County . The so il type was Mancelona gravelly sandy loam. The treat
ment consisted of varying amounts of 4-12-8 placed h\/o inch es out on 
both sides and on the same plane as the seed piece. 

In 1936 substantial increases were obtained for every addition 0 f 
fert ilizer. Under certain conditions, such results are not infrequently 
observed. But, even so, the questions of fertilizer costs, the uncer 
tainty of t he potato market, and the danger of sprout injury from heavy 
applications cannot be overlooked when considering fertilizer needs. 
With those p roblems in mind, it generally seems inadvisable to plan 
applicat ions heavier than 500 pounds per acre . 

Table 18. Effect of rate of fertilizer application on potato production. 
Mathias field. 

year . ... ... .. .. .... . IH37 

- ------------------ - - - --.. - -----------~. - - _ ._-

200 pounds per acre of 4-12-8. . . . 12:~ 

300 pounds per acre of 4-12-8.... 128 132 
- - -------- - --------~--~-----

400 pounds per acre of 4-12-8. . . . 1 :30 
----------------- - ------- - --- ---- - ----

500 pounds ptf acre of 4-12-8 ... .. 162 153 
-------- - ---- ---- ---~- --~--

700 pounds per acre of 4-12-8 .... 172 I 

Check .. .... . -~- i ---bi--

------ ---------- -------------- .- .-----
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METHOD OF PLACEMENT OF COMMERCIAL 
FERTILIZERS ':< 

It was early observed t.hat the placement of comm ercial fe rtili ze r s 
,,, ith regards to the see c1 piece had som e effect on potato y ield s. Espe
cially was this true w hen sprout injury due to contac t with the fertili z
ing material was noted. An attempt at a systematic investigation of 
t hi s problem in Michigan was made in 1924. At that tim e, fertilizer 
attachment s on the planter were not w idely used so that the question 
of placement was simply whether the fertilizer should be scattered 
over the ent ire field or wheth er it shou ld be mixed in th e soil over the 
seed piece. Another a lternat ive was to broadcast a portion of the 
application and place the remainder in the rows. It was with such 
placement methoc1s that t h e early studies were concerned. The rate 
of fert ili zer appli cat ion was in all cases 400 pounds per acre. 

Table 19_ Effect of fertilizer placement on potato production in 1924. 
(Yields are in bushels of marketable potatoes per acre.) 

Cooperator Increase 
of row 

I Analysis of fertilizer Method of phLcern ont Average applica,tion 
yiel d over 

Antrim G. E lmore hroad-
Seed Co. cas ting 

0- ] 6-0. Broa.dcast .. J36 207 173 
Row . . 139 147 143 -30 

- - --
3-12-0 . B ro ;).dcast . 1.'i3 lS9 171 

Row . 133 172 1.';2 - HI 

3-12-2. Broadcast . lO\l 164 136 
Row 122 221 172 +36 

3-12-4. Bro:irkast ... 126 2]0 153 
Row 146 23S 192 +39 

:~-l2-6 . . Broarlcast .. . . J OFi 230 167 
Row . 124 234 179 + ]2 

From th e data shown in Table 19 it is evident that in more than 
60% of the cases the potatoes fel-tilized in the row out-yielded those 
receiving broadcast appli cations. \ iVhen the size of the increases are 
compared there is but li tt le do ubt that the row applications were to 
he preferreel. T he crop doe s not get the full benefit of fertilizers broad
cast over the ent ire field. The fertilizer does not move through th e 
soi l except w here carr ied down by percolating water or brought upward 
·with capillary moisture, and h ence plants make u se of the fertilizer 
only when t he growi ng ro o t s make actua l contac t with th e area con
taining the nutrients. In fields on ,,\·hi ch fertilizers are broadcast, 
plant roots r each a large port ion of the fertil ized area only after the 
elapse of cons iderabie time. Indeed, a major part of the soluble 
nitrogen may be ·was h ed beyond the reach of the plant before its roots 

*A r epo:-t of regional ;-lc tiviti es coverin g; st udi es of fe rtili zer placeme nt for 
pota toes, including cooperative st udi es in M ic higan, is g iven in U. S. Department 
of .\QTic lllt ure Techn ica l Bull e tin No. GS9 e ntitl ed "Fert ili ze r Placement for Pota
toes" by G. A . Cumin gs, C. V. C. Houg hland and Collabo rato r s (Issued in February , 
1039). 
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have filled the soil between the rows. Furthermore, as a portion of 
the solu ble phosphoric acid cha ll ges to a re lat ively insol uble form when 
mixed with the so il it is to be expec t ed that an equal quantity of fer
t ili zer concentrated ncar the plant should lead to larger y ields . 

No more studies were made in this connection until 1930 when the 
increasing popularity of attachments to pla llters for placing fert ili zers 
with or near the seed piece aga in brought a demand for placement 
tests. Accord ingly, studi es lasting over a per iod of six years were 
established on the farm of Mr. King. A 4-8-7 analysi s was employed 
the first two years, but during the last four years the more concentrated 
4-12-8 was used. In all, s ix different methods of placement were studied, 
as li sted at the left of Table 20, with the resulting crop yields shown 
on the right. 

Table 20. Effect of various fertilizer placements on potato production, King field. 
(Yields are in bushels of marketable potatoes per acre.) 

year ....... . .. .. .. . .. . . . . .. . . . . . . . .. . . . . . . .. .. . . 1931 1932 1933 1934 1935 1936 

Ratc at application (pounds per acre) . . . . ... . . . .. . . 800 

Average 
- - - - -- - --- 1931-34 

800 800 800 500 500 

- .---- --------------- - - - - - - -- - - ------

Untreated . .. .. . 143 169 139 23R 167 175 172 
- ---- - _ ._--- --------- - - - - -- - --- - - - - --

I. Bands Y2 to 2" below .. . . 173 168 127 270 192 184 
1- -----------------1---11---- - - - - - - ----

2. Bands 4" out on both Rides alld on same plane . 155 180 164 279 HI5 
--- ---------------------- --- - - -- - - ----

3. Same, hut only 2" out . . . 185 197 162 274 ]99 200 205 
1- ----------------- 1-- - - ---- - - -----. 

4. Same, but only 1" out .. . 199 143 2.')1 
- ----------1-- - - ---- - - -- - - -

5. Bands 2" Ol lt, 2" below .. 16R 192 136 267 191 

6. Mixecl around seed piece .. . 

A study of thi s table show s that during the six-year per iod treat
ment No. 3 cons istently ranked among the highest y ielding place
ments. In 1934 it ranked first, but in the follow ing year it was 
surpassed by a margin of two b ushels by treatment No.4, a very similar 
method of placement. The next year, 1933, treatment No . 3 was again 
in second place, treatment No.2 surpass in g it by the same narrow 
margin of two bushels. Treatments 2 and 3 again headed the others 
in 1934, but in ] 935 and 1936 treatment No.3 again took the lead. It 
is, th erefore, apparent that the most satisfactory method of ferti li zer 
placement is ill bands abo ut 2 incbes out on both sides and in the 
same plane as the seed p iece. Thi s is clearly shown by the average 
yields for the years 1931 to 1934. 

During the six-year period, 1932-37 a similar series of tests were 
carried out on the farm of Mr. S. P. Mathias in Antrim County. In 
this case the so il type was Mancelona gravelly sandy loam. Fertilizer 
applications were made in various ways by means of a specially con
structed planter. The rates, methods of placement and results of these 
st udi es are shown in Table 21. 

As in th e te sts on the King farm, a cont inuou s band p lacement 2 
inches out on both sides of and on the same plane as the seed piece 
(treatment 3) produced yield s ranking among the highest. But here 
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Table 21. Effect of various fertilizer placements on potato yields. Mathias field . 
(Yields are in bushels per acre of marketable potatoes.) 

year ... ..... ..... . ... .... ... ........ . .. ... ... .. . 1932 1033 1934 1935 ] 936 10:37 

- ----------------------1------------ "i~:g~ff~ 
Rate of a pplication (pounds per ar.re) .... . ... . . . . . . . 400 800 500 500 700 700 

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

Untreated ..... 170 52 188 138 101 87 ]37 
1--- ------- - ------------------------

1. Bands Y2 to 2" below ... 122 272 180 
1---- -------------_· - - -------- ------

2. Bands 4" out on both sides and on same plane . 258 182 
1- ---- --------------1------ - - --------

3. Same, hut only 2" out .. . . . 182 119 260 173 168 184 186 
1------------------ ------- - - -------

4. Same. but only 1" out ... 118 281 178 
1----------------- - -- - - -----------

5. Band s 2" out and 2" below ..... . . . 197 ]21 245 162 182 
1------'------- - --------1---------- - - ---

6 . Mixed around seed piece .. 260 181 

the treatment did not so consistently out-yield other methods of place
ments, although it should be noted t hat no other sing le method "vas 
s ignificantly better throughout the s ix seasons. With two except ion s, 
the highest yielding placement \vas a variat ion of No.3. T h ese two 
exceptions, No. 5 in 1932 and No.1 in 1933, inc1 icate t hat the ferti li zer 
may be more advantageously placed sl ightly belo\\T the plane of the 
seed instead of on the same level. The degree of difference is so slight, 
however, and the number of differences so few that they are of littl e 
if any signifi cance. Another factor to be considered here is the add i
tio nal draft on the p lanter caused by placing the fert ili zer belo'\\' the 

ITI~ble 22. Effect of method of fertilizer placement on potato production in 1934. 
(Yields are in bushels per acre of marketable potatoes.) 

Yea r .. 1931 

Cooperator .. ... . ..... . E. C . Burley S. P . Mathias J . Gaylord 

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

I,()('atioll . Antrim Co. Antri lll Co. Alltr illl ( ',1. 

Soil t. ype ............. . Mancelona gra,velly sand y loanl 

I,' e rtilizer analys is .. 4-16-4 4-16-R 4 - ] 6 -R 

Rate of appl ication . . 500 500 500 

-------------·---------------------------1------------1------------------------
1. Check .. . . _ . .. ......... . H)4 198 210 

2. III bands 2" out auf! on same plano ... 230 260 30:") 
1------------------1-------1·------·_· - ---- - -

3. In bands 2" out and 2" below ... 237 258 284 
1- -----------------1-------1------- ------ - -

4. In a single band ~-'6 to 2" below .... . 232 249 289 
------------------- .-------------

5. Mixed arou nd seed ... . 231 2!}2 30-1 
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year ... . ... . . . . . . ... . ... . . 103 

Num l 
of 

No. 
potat 

11. Bands 2" hClow. 46 

2. Mixed around seecl . 44 

3. 2" Oll t. same plane. . 5·1 

4 . 2" Ollt. 2" bp.low . 49 
1- --------- - --

5. 4" Oll t. sam e plan e. 52 

6. 1" out. sa,me plal1f'.. .52 

7. Chec],. 4.'1 
. -----------

J\ 1 though the c1a t:1. present 
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we ight , yet there is no C011( 
III et hod was out standing. T 
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in the right-hand colum11 "'"~ 
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i 11 bands 2 inches out on bl 
helow its level), frequently 
on these plots also showed 51 

Cons idered as a 'whole, all 
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lcvrl o[ the seed piece. From this v iewpo int a s well as from ct cOllsidE'r 
ation of yield placement 3, with the fertilizer on a level with the seed, 
is the mo st logi cal one to use. 

Other placement studies were made in 1934 as shown in Table 22. 
The results again indicate that continuou s bands of fertilizer 2 inches 
out on both sides, and either on or two inches below the plane of the 
seed piece, produced the greatest yields. According to these figures, 
there is littl e difference between placing the fertilizer on the same 
level or below the seed p iece, although the former method produced 
th e highest y ields most frequently. 

During the progress 0 f these p lacement studies it was noted that 
the different placement m ethods often seemed to influence the size 
of the tubers. In order to arrive at some definite conclusions in respect 
to such observations an actual co unt of the potatoes was made on 
the King tests in 1932 and again in 1934. These measurements were 
made, of coursc, on an equal number of representative hills from each 
test plot. 

Table 23. Effect of method of fertilizer placement on the number and weight of 
potato tubers in an equal number of hills. King field. 

Year . ... 

1. n~mrls 2" helow . .. 

2. Mixed ar01md seed. 

3. 2" Ollt, same plane. 

4 . 2" ont, 2" bRIow. 

19:12 (10 hills ) 1934 (25 hills) Average 

Nu~ler Average Nll~ber I Av~mge 
No.1 weight No I weIght Number Weight 

potatoes (gram s) potatoes (graws) 

4G 

44 

.'i4 

49 

1:10 

127 

124 

120 

125 

116 

12G 

120 

144 1::l7 

n.'i 80 131 

1::l3 00 12fl 

138 8.'i 129 

Gross 
weight 

in 
grams 

1,160 

1,048 

I , I.'io 

1,094 
1- ------ --- - ---- - - - --- - - ----- - - ------

5. 4" Ollt, sa,me plane. 52 ll!l 121 1'6 127 1 , 094 
- ---------- 1--- ------- - - ------- --- - ---

G. 1" out, sa,m0. plane. ,'i2 1 2;~ 12.'i 130 1,143 

4.'i 10.'i 122 1].') 110 fl14 

Although the c1at~ presented in Table 23 how that fertilizC'f applica 
tions increased the llumber of large potatoes and also the average 
weight, yet there is no conclu sive evidence that any single placement 
method was out stan din g. The mo t remarkable fact is that all place
lll ent s gave approximately the same yield, as is indicated by the data 
in the right -hand column which show the gross weight in grams of 
th e No.1 tubers. 

H.cgarding the various placement methods it was also observed that 
llli x ing the fertilizer thoroughly in the so il around the seed invar iably 
delayed the em ergence of the spro uts . The sprouts penetrated the 
r erti1izec1 area very slowly. On the other hand, applying th e fertilizer 
in bands 2 inches out on both sides of the seed piece (both on and 
helow its level), frequelltly advanced sprout emergence. The plants 
on these plots ctlso shmved super ior top growth tllltillate in the season. 

Considered as a \\Thole, all of the placement studi es indicat e that the 
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most efficient use of fertilizer is obtained when applied near the seed 
piece. Thus, if the choice be between broadcast or row application, 
then the latter will generally give the greatest yields for equal amounts 
of commercial fertilizer used. That is, it will most often give the high
est return per dollar spent on fertilizer. If a planter is employed so 
that the application is made with an attachment, then the fertilizer 
should be placed in bands about two inches out on both sides of th~ 
seed and on or a little below the plane of the seed piece. In this way 
the greatest benefit from commercial fertilizers will be realized most 
often. 

*IRRIGATION STUDIES AT THE LAKE CITY 
EXPERIMENT STATION 

In 1938 an extensive series of tests was carried out at the Lake 
City Experiment Station in Missaukee County to determine the in
fluence of placement and rate of application of fertilizers on potato 
yields when under irrigation. The soil type on which these studies 
were made ",vas Ottawa loamy sand on "which crop production is often 
limited because of insufficient moisture. In order to minimize this 
limiting factor a system of irrigation was employed. By c~mparing 
the yields of irrigated and non-irrigated plots it was thought that 
some idea might he obtained as to the extent to which an inadequate 
or poorly distributed rainfall actually limits potato yields. Further
more, by comparing results of treatments which include sufficient 
moisture the true effect of fertilizers on crop y ields could he determined. 

The fertilizer treatments included four different methods of applica
tion as follows: 

1. In bands about 1 inch out on ' both sides, and in the same plane 
as the seed piece. 

2. In bands 2 inches out on each side and 2 inches below the plane 
of the seed piece. 

3. In bands 2 inches out on each side and on the same plane as the 
seed. 

4. Mixed thoroughly in the soil around the seed piece. 

The analysis of the fertilizer used vvas 4-16-8. This \Ivas applied at 
four different rates 400, 800. 1,200, and 1,600 pounds per acre in each 
of the above placement methods. All treatments were replicated four 
times so that th e results shown in Table 24 are averages. 

These data illustrate the detrimental effect of an inadequate mois
ture supply on potato y ields as the irrigated plots in all cases pro
duced more than those which received only the normal rainfall. This 
result is clearly shown in Table 25 where the foregoing data are sum
marized to show the percentage increase in yields of the irrigated 
over the unirrigated plots under the same fertilizer treatments. 

In this season the rainfall at the Lake City Stat ion was high and 
fairly well distributed over the growing period. This favorable mois 
ture supply resulted in greater returns than would normally be ex
pected on the unirrigated plot s. Th e efficiency of the var ious place -

*Thesc st udi es were in cooperat ion with E. J. Wheeler of th e Farm Crops Sec
tion and O. E. Robey of the i\gricultural Engineerin g Section . 
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Table 24. Effect of placement and rate of application of fertilizer on potato y ields under irrigation at the 
. Lake City Experime nt S tation. 1938. 

In bands 1 inch out on both In bands 2 inches out on both In bands 2 inches out on both Placemen t .. . ... . ..... sides, same plane si~es, same plane sides and 2 inches below Mixed a round seed piece 

Rate (lb. per acre) .... . 400 800 1,200 1 ,600 400 800 1,200 1,600 400 800 1,200 1,600 400 800 11,200 1 ,600 

--- - --

Grade of potat,oes . .... 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 

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

I 

Check 

---

1 2 

- -

"ot ''''gat,d... . . . . . . 234 34 239 20 295 19 253 22255 25 268 29 239 22 322 2'1'36 28 287 22 279 27 301 25240 22 248 22 284 24001 26,, ·t 31 

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

Irrigated, .. .. .... . . 284203041840.') 203'10 16203 20332 3032 1 24363 1031026356243502137'117312 ]8321 1834414 136319 1981 22 
I I I I I 

- _ ._------ -- -- -- - -
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Table 25. Increase in potato yields due to irrigation. Calculations are based on the 
yields of salable potatoes in bushds p e r acre. 

Placerlleut .. ...... [n bands 1 inch out 

K.ate ( rwr aen' ill 

on both sides, 
same plane 

III band s 2 ill('\ws 
OI I L all hoth s id!:s . 

S,1, l lle phme 

100 pounds) . 4 8 12 Hj tl S 12 Hi 

In hawl::; 2 inchps 
(lI l t OIL lloUI s itlns 
alld 2 incites below 

Mi xed al"OllHd 
seed pice" 

8 12 1 fi '1 S I 2 I (j 

Increase (per cent ). l::l 24 ::l?j :39 12 22 32 I) 28 2:3 22 21 26 25 16 6 

ments was little influenced as shown by the comparat ively high yieIcb 
from all plots on which the band methods were used, particularly when 
the bands were placed 2 inches out on both sides, and on or below 
the level of the seed piece. However, heavier fertili zer appl ications re 
sult ed in considerably greater increases in yield t.han did t.he lighter 
applications. This was doubtless due to the excess rainfall. 

H.egardless of the abundant moisture supply, irrigation did have 
some additional effect in changing crop responses to different rates 
of fertilizer application and different placement methods. This is shown 
by the fact t hat 1,200 or 1,600 pounds of fertilizer produced in every 
case the highest yields under irrigation while the light applications 
consistently yielded less . These heavy applications gave the greatest 
increases when applied close to the eed piece. Under ordinary growing 
conditions this practice would result in spro ut injury, but under irriga
tion the danger is minimized because the presence of more water 
decreases the concentration of the so il so lution. Since less time is 
required for the roots to reach fertilizer so applied, very rapid and 
efficient plant responses are obtained. 

SIDE-DRESSING WITH COMMERCIAL FERTILIZER':< 

Many farmers grow a small acreage 01 potatoes which cont.r ibut c:-; 
appreciably to the farm income but is Iiot large eno ugh to warrant the 
owning of a potato planter. The fertilization of potatoes planted by 
hand has presented a problem which some farmers have attempted 
to solve by throwing a handful of fert.ilizer on top of the hill and some 
by applying fertilizer broadcast before planting. Neither method is 
satisfactory and hence trials were underLaken in which fert ili zer was 
appli ed as a side-dressing with an attachment to a cultivator at the 
time of the first cultivation. The result s of these t.rials are presented 
in Table 26. 

No previous fertilizer treatments had been made on any of the test 
plots so that a ll increases are due to the side-dressing. \iVith but three 
exceptions the ferti lized plots gave much larger yields than those which 
did not receive fertilizer. In a majority of cases the increases were 
\vithout doubt suffi ciently great to warrant a recommendation that 
potatoes not fer tili zed at planting time be side-dressed with fertilizer 
at the time of the first cultivation. 

*These tests were conducted by P. J. Rood, Extension Specialist, and E. C. 
Sackrider, former Extension Specialist in Soils. 
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Table 26. Effect of fertilizer 
(Yields 

Cooperator Soil type 

Holl :0, 0 .... Mallll l(:e loam ... 

Cors linEl, .T. Berrien sandy loa 

Olson ..... Roselawn loam s, 

Harsch, C . . . Onaway sandy 10 

Wendling, G. Bellefontaine san, 

Tripp , G . ... Fox sandy loam . 

Lill ey, J ..... Rubicon loamy S~ 

Frallce, \V .. Kall<aska sandy I, 

Ellis, R ...... Rubicon loamy sa 

White, M . . .. Arenac sandy loa] 

Bonnett, R .. Onn,way sanely 1m 

BonJ< , S ..... Emmet sandy loa] 

Rc1ml1aflt, E.. Oll<1Wn,y sandy 10; 
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Table 26. Effect of fertilizers applied as side-d~essing on potato production. 
(Yields are in bushels per acre.) 

Cooperator Soil type Count.y 

Fertilizer 

Rate 
Analysis lb. per 

acre 

Increase 
d Uf~ to 

Yields fert ilizer 
t reat
m ent 

---------1-------------1·------1------ ---- - --- ----. 

H oltz, 0 .... Mallmee loam ..... . .. . .. Monroe .... 2-16-8. 1, 000 2:1.'i 90 
4- 8-6 .. 1,000 246 10 1 
check . . 0 14.5 

------ -----------_. 
Gms.lin", .T .•. Berrien sandy loam ... . . Arenac. 0-20-0 .. 130 78 -40 

check . . 0 118 
------------

Olson ...... Roselawn loam sand .. Alcona .. 0-20-0 170 107 25 
Chflcl< . . 0 82 

---- --------
Harsch , C ... Onawa,y sandy loam .... Iosco .. .... 2-12-6 .. 170 17 6 6 

check . . 0 170 
---- - -------

Wendling, G. Bellefontaine sandy loam. Lapeer ..... 0-20-0 . . 200 1.'56 13 
2-12-6 . . 3 10 144 1 
check .. 0 143 

------------
Tripp, G .... Fox sandy loam .. Lapeer. 0-20-0 .. 17R 142 4 1 

2-12-6 .. 255 141 40 
check . . 0 101 

------------
Lilley, J. Rubicon loamy sand ..... AJcona . , . 0-20-0 . . 259 97 -26 

2-12-6 .. 220 120 - 3 
check .. 0 123 
----------------

Fran ce, W ... Kalkaska sand y loam .. Cheboygan. 0-20-0 .. 370 2.58 ]09 
2-12-6 . . 370 273 124 
check .. 0 149 

------------
Ell is, R ...... Rubicon loamy sand . . Arenac .. 0-20-0 .. 230 207 .51 

2-12-6 . . 177 202 46 
check .. 0 ]56 

------------
White, M .... Arenac sandy loam ...... Arenac .. . , . 0-20-0 .. 1715 129 2 

2-J2-6 .. 171 141 14 
chack . . 0 127 

._-----------
Bonnett, R .. Onaway sandy loam ... . Ch eboygan . 0-20-0 . 190 129 36 

4-16-8 . . ] 94 153 60 
check . . 0 93 

- ------- ----
BonJ< , S ..... Emmet sandy loam . . .... Otsego ..... 0-20-0. 171 132 ]4 

4-16-8 . 171 129 11 
ch eck. 0 11 8 

------ ----------- - ---
Rambad t, E . On<tway sandy loam .... lJ resqllc lslc 0-20-0 .. 200 'lOS 2.') 

4-]6-8 .. 200 2!)'l 10 
cheek .. 0 283 
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