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'FERTILIZER PLACEMENT FOR POTATOES’
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INTRODUCTION

A study was conducted on un extensive scale during the period
1931-37 to determine the most advantageous placement in which
commercial fertilizer may be deposited with respect to the potuto seed
piece. This study was inavgurated in 1931 in New Jersey, Ohio,
and Michigan; in Maine and Virginia in 1932; and in New York in
1934.

The large yearly investment for fertilizing the potato crop makes
any appreciable increase in fertilizer efficiencies resulting from the
introduction of new methods or through the improvement of the
prevailing methods of application, & matter of cutstanding importance
to the growers. Approximately 10 percent of the total commercial
fertilizer tonnage of the United States is applied to the potato crop
and now represents an annual investment by the growers of roughly
$20,000,000. The area in potatoes during the past 10 years has
averaged approxmately 3,300,000 scres but not all this acreage was
fertilized. The amount of fertilizer applied fo an acre of potatoes
varies sccording to geographical location of the commercial aress and
the existing local conditions but ranges from a few huandred pounds
to more than a ton an acre of ordinary-grade fertilizer. Thus the
fertitizer in many of the principal aress represents & major item of
potaf . nroduction costs and in some cases amounts to $30 or more
per acre.

1 Snbraitted for publieation August 16, 1938,
108698°—38——1
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The potato is grown to some extent in practically every section of
the country on soils of various types. The soils most commonly used
for large-scale commercial production range from sands to loarss
including various combinations of these two classes. In certain areas
muck 1s used to a considerable extent, but the bulk of the crop through-
out the country is grown on upland soils. So-called heavy soils, such
as clays or ¢lay loams, arc usually the least suitable for commercial
production uniess they contain an adequate supply of organic matter.
Many highly produective potato soils contain some gravel, stones, or
shale, but excessively stony land is seldom used for this erop.

As an adequate supply of moisture is very Important in growing the
patato crop, the soils used are generally either capable of retalning
sufficient moisture, or the crop 1s grown at o time of year when the
rainfall is usually sufficient. Therefore sandy loams relatively low in
organic matter can be used successfully for early potatoes whereas
loams much iigher in organic matter are normally required for the
late crop.

Most of the fertilizer used {or potatoes usually contains 17 to 22
total units of the plant foods—nitrogen, phosphoric acid, and potash—
per ton. Fertilizers of high analysiz containing a total of 40 or more
units of plant food per tou are sometimes used but at rates commen-
surate with the increased concentration of plant food. The mechani-
cal conclition of potato fertifizers varies from the more bulky type
containing a portion of the nitrogen from organic materials such as
fish serap and tankage to the more compact type with little or no
nitrogen from such sources. There is a great difference in the flow
of these two types of fertilizrrs when applied with a sower or potato-
planter equipment. It is not uncomunon to find a chunge of 25 per-
cent or more in the rate »f application with the snme machine ad-
justment when changing fiom one type of fertilizer to the other. As
a rule, however, potato fortilizers are fauirly free-flowing and little
difficulty is experienced in their even distribution.

Patatoes are most heavily fertilized throughout the eastern section
of the country where 1,200 to 2,500 pounds per acre of the usual grade
of fertilizer is normully applied, the amount and kind being largely
determined by local conditions. In the midwestern potato sections
from 500 to 700 pounds of fertilizer per acre are usually sufficient, but
here alse the rate of application differs according to existing conditions.

EARLY METHODS AND EQUIFMENT

The first machines employed in the application of commercial
fertilizer were largely simple distributors of both the broadeast and
row types which apply the fertilizer in & separate operation, Dis-
tributors of these types are now available in numerous styles, and
the distribution of the fertilizer ranges from one or two narrow bands
in the row to broadcasting over the entire soil surface.

Among the first fertilizer-placement attachments or depositors on
potato pTanters was that of True (1), developed about 1879, which
piaced the fertilizer in the {furrow with the seed. Bockman’s (2) fer-
tilizer equipment integral with a potato planter patented about the
same time was apparently designed to scatter the fertilizer in the row
largely above the ssed.  During the following 40 years potato planters

? Tinlie nutnbers in porentheses refer to Literature Cited, p. 47.
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with fertilizer depositors were improved and refined in various re-
s%ects, and provision was made to place the fertilizer either in & band
above or below the seed or to mix it with the soil in the row. The
first depositors for the potato planter with which the fertilizer could
be placed in & distinct band at each side of the row were introduced
about 1920. One of the enrly side-placement fertilizer depositors is
shown In figure 1. From 1920 to 1930 the various types of equipment
were used without any general outstanding trends toward standardi-
zation with regard to fertilizer placement.

METHODS COMMONLY USED

The methods of applying commercial fertilizer to potatoes and the
equipment employed vary widely in general farm practice. The

Fiovee l.—A combined poiato plaoter and fertBizer distributor equipped with
one of the early side-placement fertilizer depositors: e, Feréilizer hopper;
b, pair of single-disks for opening & furrow at each side of the row for the fer-
tilizer; ¢, fertilizer-delivery tube.

placement of the fertilizer in relation to the seed likewise varies.
Such variations were more widespread at the beginning of the general
study herein described than st the present time. The methods of
applica*” .. in common use may be classified into two general groups,
namely: (1) Application of the fertilizer as & separate field operation
usually by means of a distributing machine or sower, and (2) applica-
tion of the fertilizer simultaneously with the planting of the seed by
means of distributing equipment combined with the potato planter.
Numerous types of planters used in group (2) method of applieation
are available, including single and multiple-row units some of which
are drawn by horses and others by tractors.

The application of fertilizer in a separate operation before planting
is & common practice, particularly in the South, and is followed to
some extent in other sections. When the fertilizer is applied in a
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separate operation, the relative placement of fertilizer and seed de-
pends upon the type of distributing machine and the tillage operations
after distribution and prior to planting the seed. The ultimate place-
ment of fertilizer by this method ranges from therough mixing and
wide distribution in the soil to concentration in a narrow band m the
row. Jurthermore, the location of the fertilizer may be above, below,
at the side, or avound the seed. One of the common types of distribu-
tors in this group is shown in figure 2.

Potato planters equipped with fertilizer distributors are widely
employed in the northern potato areas and are used to some extent in
practically all sections, The relative placement of fertilizer and seed
with these machines depends on the design of the fertilizer depositors *
and the adjustment of the soil-working tools. At present the equip-
ment used on potato iarms places the fertilizer under, above, around,

Iarre 2.-—A common type of lertilizer distributor used to apply fertilizer for
three rows in advance of planting the potato seed. The width of the fertilizer
strip or band for each dispensing unit may be varied by adjusting the delivery
tubes as indieated,

or at sach side of the seed, either in bands or mixed somewhat with
the soil. Although certain makes of planters have fertilizer attach-
ments that permit variations in fertilizer placement not all of the
above-mentioned placements can be obtained with a particular make.
A typical combined planter and fertilizer distributor is shown in
figure 3.

The situstion in 1931 at the beginning of the studies covered b
this bulletin were briefly as follows: QOrganic nitrogenous materials
had been replaced to & considersble extent by soluble and readily
availuble inarganic naterlals. The average application of com-
mercial plant food per acre had been substantially increased. It was
recognized that with such changes, greater care 1n the application of
fertilizer and more delinite and accurate placement were essential.
Although many of the machines had been greatly improved and
refined and were adaptable to precise operations a wide variation of

£ The word “depositor” as userl in Lhis bialickin pertaing to that parl of Lhe feetllizer-thistyibutiog equip-
ment that delermines the tnanner in wideh the fertillzer [$ placed in the soil.  The depositor may be merely

n fortilizer-tlelivery tube or o eombiuation of furrow openers and ather deviees for directing the fertilizer
11 the yoil,
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the relative placement of fertilizer and seed was obtained with the
available fertilizer-distributing equipment. The particular method
of fertilizer application adopted was ordinarily regarded by the grower

Ficure 3.—Combined potato-planting and fertilizer-distributing machine of the
two-row tractor-drawn type.

as satisfactory and any irregularity of stand and plant growth was
usually attributed to other factors. Severe andverse effects on stend
and plant growth due to improper placement of the fertilizer have

RS L

F1GURE 4.—Broken stand in & potaio feld resulting from improper placeinent
of fertilizer iv rows ¢, b, and ¢c. Eastern Shore of Virginia, 1931.

been observed as illustrated in figure 4. The need for extensive
field studies to establish definitely the most advantageous placements
of the fertilizer for potatoes in different sections of the country was
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apparent and with this objective in view the general study was
undertaken.
PREVIOUS INVESTIGATIONS

Methods of fertilizer application Liave received more or less atten-
tion since the fertilizer industry became well established. However,
the early problems connected with the application of fertilizer were
somewhat different from those of more recent years hecause of various
developments and changes that have taken place. The earlier
fertilizer-placement work largely involved the general methods of
broadeast versus row applications, without the required facilities
for and apparent need of precise placement.

Deterrent effects on seed germination were observed as early as
1876 (8) and fertilizer-placement tests were reported as early as
1898, the effects of fertilizer salts on seeds also being reported by
several Investigators aboub this time. Bell (5) in 1916 called atten-
tion to the increased use of commercial fertilizer and the urgent need
of research on the method of application. Bell suggested experiments
along the lines pursued in recent years. Coe (9) and Truog and
associates (26) briefly reviewed much of the earlier worlt bearing on
fertilizer placement and the effects of various salts on different kinds
of seeds and plants. Truog and Jensen (27) gave an extensive anno-
tated bibliography relating to methods of applying fectilizer fo pota-
toes and other crops prior to 1928, Martin and Brown (79) gave a
brief account of the more recent fertilizer-placement research with
potatoes during the period 1518-28,

One of the first reports on fertilizer-placement research with pota-
toes was issued by the Hatch Experhment Station (20, p. 11) in 1894,
Application in the row was found to be superior to broadcasting the
fertinzer. Superiority of row application compared to broadcasting
was later shown by Jordan and Sirrine (16), Bailey (4), and Cooper
and Rapp (10) particularly at the lower rates of fertilizer application.
When the fertilizer was applied in the row, damage to the seed and
plant in its early stage of growth was ohserved when a relatively
large amount of fertilizer was used. The differences in the results of
the various investigators inay be accounted for primarily by the
different kinds of soils used, different rates of fertiizer application,
and different procedures followed in separately applying the fortilizer
and planting the seed.

Bailey’s £4) work on the placement of individual plant-food ele-
ments pear the seed is of inierest. Nitrate of soda, sulphate of
gmmonia, superphosphate, and muriate of potash were applied in
each treatment in amounts equivalent to a ton per acre of 4-8-10
mixture.* Each chemical was in turn separately applied in the furrow
with the seed with the remaining chemicnls applied broadcast. The
highest percent stand of plants and the highest potaio yields, both
marketable and total, were obtained where the superphosphate was
applied in the furrow with the seed. Relative to stand the other
chemicals placed in the furrow with the seed ranked as follows:
Muriate of potash, nitrate of soda, sulphate of ammonia, However,
these treatments showed comparatively small differences in yields.

Coe (9) in 1922 studied severs! representative fertilizer placements
accomplished with depositors attached to a conventional potato

¢ Al fertllizer annalyses rofer 1o pereentiges of Bilrogen, poosphorie ackd, and potnsh in the order given,
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planter—a procedure which permitted, in large-scale experiments,

recise placement of the fertilizer with respect to the seed. The
Eﬂlowing definitely described fertilizer placements were employed: In
aband at each side of the row (1) on seed level, and. (2) below seed level; -
(3) mixed with the soil in the Tow; (4) in the furrow with the sead ; and
{6) above the seed. With applications of 1,950 pounds per acre of
4-10-4 fertilizer, also with 600 pounds of ammo-phos plus 156 pounds
of muriate of potash per acre, Coe obtained the highest potato yield
with the fertilizer placed in a continuous band 1 to 2 inches to ‘each
side of and a little below the level of the seed. The lowest yield
resulted from the application of the fertilizer in the furrow in contact
with the seed.

The results of the work of Truog and associates (26) a little later,
using applications of 1,000 pounds per acre of 4-3-6 and 4-7-6
fertibzer, favored a placement one-half inch to each side of the seed
and also immediately under the potato seed piece.

SCOPE OF THE STUDY

The present study was confined to representative potato districts
in the eastern and northern sections of the country. Thesedistricts are
located in northern Maine, central New J ersey, on Long Island, N. Y,
on the Eastern Shore of Virginia, in northesastern Ohio, and in two
localities in western Michizan. Representative soil types and fertihizer
muxtures were used in each area. The quantity of fertilizer applied per
acre in each experiment was equal to or, in the case of do uble-strength
fertilizer, equivalent to that recommended for the district although in
some cases & range of rates was employed. The methods of appli:a-
tion included various representative fertilizer placements with respact
to the seed, different distances of the fertilizer from the seed, and
applications in both continuous strips along the row and in broken
bands consisting of short bands with & spacing corresponding to the
individual hill spacing.

In conducting the experiments two methods of procedure were con-
sidered: (1) The use of selected types of standard fertilizer-distri-
buting and potato-planting machines, to obtain a range of representa-
tive fertilizer placements found in farm practice, and (2) the use of a
single machine with interchangeable fertilizer-depositing attachments
and adjustments to obtain various specified representative placements
of the f]ertilizer with respect to theseed. Although the first-mentioned
procedure would afford & comparison of the existing machines and
methods employed in farm practice, it was not followed in this project
primarily because of the prohibitive cost, of transporting a number of
machines to points in widely separated States and the improbability
of reedily adjusting the various machines to the same rates of fertilizer
application, seed spacing, and planting depth.

The procedure selected and followed involved the use of a combined
fertilizer distributor and potato planter having suitable attachments
and adjustments with which representative fertilizer placements could
be obtained, and other conditions maintained uniformly throughout
the entire experiment in order that the effects of the various fertilizer
placements could be direetly compared. The machine and equipment
were easily transferred from one location to another by truck.
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FERTILIZER PLACEMENTS

The different placements of the fertilizer selected for the initial
phase of the general study were largely representative of the various
methods employed in farm practice. These placements, which. con-
sisted of continuous strips or bands of fertilizer along the row, are

Original ground
/ surface A 4

]
I
¥

7
1

I} 2

Fieune 5.—Tlacement of the fertilizer with respect to the potato sted piece as
represented by cross-sectional sketcles of the seedbed, the fertilizer being
deposited in continuous strips or bands along the row: (1) Band 7 inches wide,
2 inches above seed; (2) lightly mixed with soil largely above seed; (3) well
mixed with soil largely below seed; (4) In furrow with the seed, thus a slight
amount of fertilizer is in contact with the seed piece; band 4.5 inches wide
(5) 1 inch under seed piece and (6) 2 inches under seed piece; band level with
bottom of seed piece; (7) 1 inch, (8) 2 inches, (9) 3 inches, and (10} 4 inches
to each side; (115, band 2 inches to each side, 2 inches below level of seed piece;
{12) band 2 inches to one side and level with bottom of seed piece; (13) Aroos-
took method, & local practice in Maine; (14) Eastern Shore method, a loesl
practice in eastern Virginia.

=
i
|
|

illug%rated in figure 5 by sketches representing a cross section of the
seedbed.

The size and shape of the whole potatoes and seed pieces planted
obviously varied, but, for convenience in showing the fertilizer place-
ments graphically, the section of the potato seed piece is represented
as a circle 1.5 inches in diameter. Such a size represents the dimen-
sions of the seed piece usually observed when examining the placement
of the fertilizer.

Treatments were discontinued or new treatments introduced from
time to time when justified by the findings and cireumstances. Several
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treatments either of local interest primerily or considered supple-
mentary to the rain study were included only in certain experiments.

Referring to figure 5 it will be observed that placements Nos. 1, 5,
and 6 consist of thin bands, the width and placement of which sre
given in the legend. Each band, however, was uniform in thickness,
gveraging only & small fraction of an incli.

Placement No. 2 represents the distribution of fertilizer obtained
with those types of machines that deposit the fertilizer on the surface
of the soil ahead of the seed shoe.

Placement No. 3 represents & common method of mixing the fer-
tilizer in the row although the zone throughout which the fertilizer is
distributed is possibly of somewhat less extent than that obtained in
some farm practices.

Placement No. 4 wes accomplished by depositing the fertilizer in
the furrow with the seed. The seed shoe formed a narrow groove in
the bottom of the furrow where most of the fertilizer was found. The
fertilizer actually in contact with the seed was obviously only a small
portion of the application.

Placements Nos. 7 to 12 consisted of narrow bands 2t the side of the
row. Practically all of the fertilizer was confined to bands abouti
Inch in width and from 0.5 to I inch in depth. The side placements
are described as the inches of fertilizer-free soil both iaterally and
vertically between the seed piece and the fertilizer band.

Placements Nos. 13 and 14 represent local methods of fertilizer
epplication used in Aroostock County, Maine, and eastern Virginia,
respectively.

A later phase of the study involved the application of {fertilizer in
& broken band at each side of the row more specifically designated as
hill placement. The fertilizer was deposited at each side of the row
in a short band centered on the seed piece. The length of the bands
was controlled, and varied from 5 to 10 inches, depending on the seed
spacing and the specifications for the experiment. The lengths of the
bands specified were approximately one-third, one-half, and two-thirds
of the seed spacing. Thus the actual lengths of band represen ting
one-half the seed spacing were 6, 7.5, and R inches for seed spacings
of 12, 15, and 18 inches, respectively.

Hill placements of the fertilizer representative of those employed
are shown in figure 6. The position of the bands with respect to the
seed piece both laterally and along the row were varied in some of the
experiments.

Representative hill placements of fertilizer are shown in figure 6
for & 15-inch spacing of the seed, and each band is placed 2 inches
laterally from and on the level of the seed as shown in the cross-
sectional sketches. Placement No. 15 consists of two thin bands each
2 inches wide and 5 inches long and centered on the seed. The bands
in placement No. 16 are 1.75 inches wide and 7.5 inches long while
those in placement No. 17 are 1.5 inches wide and 10 inches long.
Placement No. 18 consists of continuous bands 1.5 inches wide which,
from the standpoint of hill placement, might also be considered 15-
inch bands which join between the hills. The increased width of the
' shorlter bands was caused by a wider spreading of the deeper mass of
fertilizer,

1068656°—230. 2
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EXPERIMENTAL EQUIFMENT

A combined planter and fertilizer distributor of special general
design was constructed and used for the major portion of the experi-
mental work. The machine is shown under operating conditions in
ficure 7. The general design and major units of the special machine
are shown in figure 8. In order satisfactorily to use verious types of
fertilizer depositors and other soil-working tools, a machine of the
four-wheel type somewhat longer than the conventional potato planter
was required. The planter could be drawn either by horses or a
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Fi¢orRE 6.-—Representative hill placements of fertilizer: A, Cross-section of seed-
bed showing relaiive placement of fertilizer and seed in a vertical piane at right
angles to the row; B, longitudingl seetion showing placement of fertilizer in a
horizontal plane for & seed spacing of 15 inches: (15) Bands 2 inches wide and 5
inches long; (16} bands 1.75 inches wide and 7.5 inches long; (17) bands 1.5
inches wide and 10 inches long; {(18) bands 1.5 inches wide and 15 inches long
which constitute continuous bands along the row.

tractor. Because of the comparatively heavy draft of the machine,
tractor power proved more satisfactory in obtaining the desired slow
uniform rate of travel.

The type of planting mechanism used is shown in figure 8, ¢. The
seed conveyor moves in front of the operator, who has an opportunity
to correct the feed by removing seed from the overloaded cells and
filling the empty cells. This feature is advantageous in plot work,
especlally when seed of different sizes are planted. The automatic
picker-type planter is commonly used by commercial growers because
1t functions satisfactorily with seed of ressonebly uniform size and a
man is not required to correct the feed of each planting unit.
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A patented fertilizer distributor ® (fig. 8, B) of the rotating-cylinder
top-delivery type, having positive delivery action was selected for
the special machine. The principle of operation of such a dispensing
mechanism has been previously described (21). Two hoppers were
re%uired for adequate capacity snd convenient use of the delivery
tubes,

The primary reasons for selecting the top-delivery fertilizer hopper
were as follows: (1) The fertilizer is fed to the delivery tubes by posi-
tive action in which case variations in the flowing properties of & fer-
tilizer do not affect the rate of delivery; (2) since the dispensing action
is positive, the adjustment for any desired rate of applieation can be
determined mathematically; and (3) the ability to use either one or

Fi6ore 7.— A special machine designed and cunstructed for use in fertilizer-
placement experiments with polatoes.  The machine was photographed while
operaling at Unley, Va.

more discharge openings with long flexible delivery tubes is not only
convenient but essentinl for a universal machine with which fertilizer
is applied in various wnys. The adjustments for different application
rates of each: fertilizer were figured mnthematically after the revolu-
tions of the planter drive wheel for 8 known distance under field condi-
tions and the weight of the fertilizer per unit volume were known.

The {ront wheels were mounted directly ahead of the rear wheels,
to insure the same elevation with respect to any point along the row.
Since the fertilizer depositors were near the front wheels (fig. 8, A and
the sced shoe was near the rear wheels, such an alinement of wheels
was necessary to maintain a definite vertical relationship in the soil
between the seed and fertilizer. A 2-inch flange was attached to each
rear wheel as illustrated in figure 8, 4, ¢, for the purpose of reducing

§ Coue, EveeNe M. guaxo pstunetok.  United Stales Patent No. 1654414, Filedh Augusl 39, 1925
graoted Decemmber 27, 1027, U, B, VPnoent Office OF, Coe. 365 880, fllus, 1827,
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Ficrre 8.-- A =pecial combined potate planter and fertilizer distributor used in
the fertilizer-placement studies with potatoes. A, General design of the
machine: a, Ferlilizer hopper; b, standard potato-planting mechanisin; ¢, 2-inch
Hatige on the drive wheel; d, wheel seraper; e, inlerchangeable sprockets in the
fertilizer-hopper drive system; §, subframe to which all soil-working tools were
atiached; g, lever for adjusting the =ubframe vertically and eontroiling the
driving mechanisms; &, pair of single~-dizk furrow openers for placing the fer-
Ulizer In o band at each side of the row; ¢, auxiliary bedding disks for returning
distirrheed soil to the row aliead of the seed shoe; §, seed shoe; §, seed-covering or
bedding disks. B, Fertilizer hoppers of the rotating-cylinder top-delivery
type: §, Plunger lifting serew; w, split-nut for releasing the lifting scrow;
n, fertilizer-discharge opening; o, fertilizer-delivery blade; p, fertilizer-delivery
tube; g, rotating evlinder. €, Potato-planting mechanism of the eell-conveyor
Lype with a seed-spacing attachment: r, Seed-elevating wheel; s, fecd wheel on
which the operalor corrects the feed; {, seed-spacing attachment synchronized
with the feed wheel; «, cam for operating the fertifizer hill-placement device;
v, rod to transmit cam action to fertilizer valves,
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the anpling of the machine along lateral slopes and of providing in-
creased and more uniform traction of the drive wheels,

The soil-working tools, including the fertilizer depositors, seed shoe,
and bedding disks, were mounted rigidly on a horizontal subframe to
insure uniform relative placement of fertilizer and seed. Kach soil-
working tool could be adjusted independently, but for any particular
setting they remained in the same positions relative to each other as
the entire subframe was raised and lowered to alter the planting depil.
The suxiliery bedding disks (fig. 8, 4, ¢) immediately ahead of the
seed shoe were provided to return disturbed soil to the row in order
that ridges of uniform height would be formed by the regular bedding
disks regardless of the soil-disturbing action of different types of fer-
tilizer depositors.

The depositors used for obtaining the various placements of fertilizer
when applied in continuous bands are shown in figure 9. A pair of
single-disk furrow openers, (fig. 9, A, «) with both vertical and lateral
adjustments was used to deposit the fertilizer in & narrow band at each
side of the row. KEach disk was equipped with a fube {(§) extending
%ow enough to insure delivery of the fertilizer to the bottom of the

Urrow.,

The placement of fertilizer in a band under the seed was nccom-
plished with the shovel (fig. 9, B, 7) to which shields were attached for
maintaining & definite width of the fertilizer band. The colter (i) was
mounted ahead of the shovel to avoid clogging difficulties especially
where 2 gresn-manure crop such as rye had been plowed under imme-
diately before planting,

The fertilizer was mixed lightly with the soil largely sbove the seed
{placement No. 2, fig. 5) by raising the shovel (fig. 9, B, 7) sufficiently
to merely smooth the snil surface on which the fertilizer was deposited
ahead of the seed shoe. The fertilizer was moved to either side by
the seed shoe and then refurned to the row over the seed by the bedding
dieks. The fertilizer was thus mixed to some extent with the soil and
finally located in the zone above the seed.

The fertilizer was mixed with the soll largely below the ssed place-
ment No, 3 (fig. 5) in the following manner: The fertilizer was first
deposited in & band 4.5 inches wide at a depth 1 inch below seed level
with shovel (fig. 9, C, 7); then the special stirring shovel (k), operating
deeper thap the fertibzer band, thus Lfted the fertilizer with: 2 definite
amount of soil and theroughly mixed the mass as it passed over the
mixing fingers. TFinally the fortilizor-soil mixture was covered by the
auxiliary bedding disks.

Provision was made for inserting the fortilizer-delivery tube in the
special spout (fig. 9, 4, ¢) on the seed shoe in order to place the fer-
tilizer in the furrow with the sced.

The application of fertilizer in 2 wide band directly above the seed
was accomplished in o separate operation after the seed were plantad,
For this operation the secd shoe was removed from the planter. The
ridge was lowered. to the desired level above tho seed by means of the
seraper (fig, 8, D, 1) behind which the fertilizer was deposited. The
fertilizer was then covered and the ridge was reshaped by the regular
bedding disks.

Placement of the fertilizer largely above the seed according to the
so-called local Aroostook method in Maine {Mo. 13, fig. 5) was accom-
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plished in the following manner: The furrowing disks were adjusted
to deposit the fertilizer In a shallow furrow at each side of the rew and
the bedding disks were adjusted to move the fertilizer into the upper
zone of the ridge.

The placement of fertilizer throughout the ridge above the seed ac-
cording to a local Virginia practice (No. 14, fig. 5) was accomplished
in three operations: (1) The fertilizer was deposited in a wide band on
the marked row; (2) the fertilizer was mixed with the surface soil in &
strip 15 inches wide, by means of a one-horse cultivator, and () the
planter was then centered on the row and by its operation the fertilizer-
soll mixture was moved into the ridge over the seed.

The hill placement of fertilizer in the later experiments was accom-
plished by interrupting the usual eontinuous stream of fertilizer, thus
depositing the fertilizer for each hill in & specified zone with respect
to the seed piece. The hill-placement depositing equipment is shown
in figure 10. The fertilizer—ﬁi]ling device is mounted behind a pair of
single disks which open the two furrows. The feriilizer from the
hopper is directed through flexible tubes to the depositor.

The bhilling device is shown in figure 10 and consists essentially of o
chamber 8 mches long and 1.5 inches wide with & longitudinal flap
valve serving as a bottom. The valve in a elosed position is set at
an angle of about 45°, as shown in figure 10, B. Two movable vertical
partitions are mounted above the valve for varying the length of the
valve surface on which the fertilizer is collected, which in turn deter-
mines the length of the fertilizer band deposited. The valve in an
open position 1s shown in figure 10, €. The valve is actuated through
& gystem of rods and eranks by means of 2 cam on the seed-spacer
drive shaft (fig. 10, A, f and fig. 8, ¢, ). Thus synchronization of
the seed-spacing and fertilizer-hilling mechanisms to place the fer-
tilizer in any desired position with respect to the seed in the line of
travel was sccomplished with a rotary adjustment between the oam
and the seed-spacer drive shaft. The housing (fig. 10, A, ¢) with a
shovel at the front, properly shapes the furrow, excludes the soil, and

imits the maximum width of the fertilizer band.

The combination machine used in the initia] experiments of 1931
was a standard product with special furrowing attachments and ad-
justments for varying the placement of the fertilizer with Tespect to
the seed. A similar machine shown in figure 11 was used in the exper-
iments in Maine in 1933-36. Fertilizer depositors similar to those
d;;scribed for the special four-wheel machine were adapted to this
planter,

Frooes 9.—8ubframe and fertilizer depositors with which the fertilizer was placed
in continuous bands or strips ia different positions with respect to the potato seed
piece. A, Bubframe with side-placement disk depositors attached: @, Pair of
single-disk furrow openers; b, fertilizer-delivery tube; ¢, disk vertical adjustment;
d, disk lateral adjustiment,; ¢, auxiliary bedding disk; 7, seed shoe; g, special spout
for depositing the fertilizer in the furrow with the seed; &, conventional bedding
disks. B, Depositor for placing fertilizer in a band under the seed: 7, Colter;
J+ shovel with shields for contrelling the width of fertilizer band. C, Depositor
for mixing fertilizer thoroughly with the soil largely under the seed: 7, Shovel for
depositing fertilizer in a band; &, special mixing shovel. D, Equipment and ar-
rangement of tools for placing the fertilizer in 8 wide band zbove the seed: 4
1{:‘n:lr:"aper for lowering the ridge to desired level above the seed ; m, fertilizer-delivery

ubes.
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Fiooue 10.—Fertilizer-Lilling equipment used fo interrupt the continuous flow
of fertilizer and thus deposit the fertilizer in short bands corresponding to caech
kill or seed piece. A, Fertilizer-hilling device mounted on the machine: a, Disk
furrow opener; b, fertilizer-hilling device; €, depositor housing or shields to
exclude the soil and centrol the maximun width of fertilizer band; d, fertilizer-
delivery tubes, ¢, adjustment for movable purtitions above the ferlilizer valve
to vary the lenglh of fertilizer hand; f, cam on sced-spacer shaft for operating
the fertilizer vadves. M3, Fertilizer-hilling meehanism with the valve closed:
g, Standard used for sliding vertiesl adjustment of the deviee; &, latera! adjust-
ment; 4, inclined longitudinal fertilizer flup valve; 7, valve operaling crank.
£, Fertilizer-hilling mechanism with the valve open,




TABLE 1.—General information for fertilizer—plncemen! cxperiments with polatoes, 198337
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SOILS

The soil types on which the experiments wers located are given in
teble 1. Soil types were selected in the various States that were
extensively used for potato production. Detail descriptions of the
soils and local conditions of the districts represented in 4he following
experiments are given in soil survey reports: Presque Isle, Maine (15);
Mattituck, Water Mill, and Southold, N. Y. (78); Cranbury (77) and
Bridgeton (3), N. J., Onley, Va. (£4); Smithville (7} and Hiram,
Ohio (22); and Mancelona, Mich. (28). The soils in the study at
Greenville, Mich., have not been surveyed but the same types of soils
are described in a report (30} covering an adjacent county.

In planning the work it was not intended that each major soil type
for potatoes should be represented but rather an attempt was made
to locate the experiments in districts largely devoted to the commer-
cial production of the crop. Thus some soil types were used more
than once. The Sassafras sandy loam as represented in the Virginia
experiments was the typical Coastal Plain early-potato soil, low in
organic matter, sandy in texture, and entirely free from stones or
gravel. The same soil type used on Long Island and in New Jersey
was not quite so sandy and contained some gravel.

The soils of a gravelly or stony nature were the Canfield gravelly
loam in Ohio and the Mancelona gravelly sandy loam in Michigan.
The Caribou loam of Maine, which is among the highest potato-yielding
soils, also contains numerous free surface stones. While suitable
commercinl planting and harvesting equipment are successfully used
on these soils, the presence of stones is likely to cause some difficulty
in the operation ofl intricate mechanisms which are not properly pro-
tected with release and other safety devices.

Although some of the fields used for the experiments were as much
as 1,000 miles apart yet all the soil types represented fell into but two
of the great soil provinces, the glacial and loessial province and the
Atlantic and Gulf Coastal Plain province. The glacial origin of the
s0il types used in Ohio, Michigan, and Maine aceounts for the presence
of gravel and stones,

FERTILIZERS

The fertilizers used in all the experiments were dry-mixed from
analyzed materials which were thoroughly broken up and screened
when this was required to get uniform mixing.

It will be noted from table 1 that the analysis (N—P,0,—E.0)
of the fertilizer varied with the location of the experiments; oceasion-
ally changing slightly from year to year at the same location. Most
of these changes were made to conform as nearly as possible to local
practice and to the preferences of the grower or the State agency
cooperating. For the same reasons the rate was not the same at all
locations. "In some instances a study of different rates was com-
bined with the major placement study.

In formulating the fertilizer mixtures, superphosphate and muriate
of potash were generally used, except for the double-strength mixtures
which were formulated with Ammo-Phos and treble superphosphate
when required. TUsually not more than one and one-balf units of
nitrogen were derived from organics, principally dried ground fish,
packing-house tankage, or dried bleod. The inorganic nitrogen was

106600°—30—3
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FERTILIZER PLACEMERT FOR POTATOES 19

supplied by sulphate of ammonis and nitrate of soda. When con-
ditions warranted, the fertilizer wus neutralized with dolomitic lime-
stone. No changes of major importance were made in the analysis
or formula of the fertilizers used at any one location from year to year.
The mixtures formulated were equivalent to commercial mixtures as
indicated by comparable potato yields.

SEED

The importance of planting good seed reasonably free from virus
and other disesses was recognized from the outset of the experimental
work. Therefore the very best seed nvailable was always obtained.
In one instance seed potatoes were grown especially for the experi-
ment. .

Three of the major commercial varieties, Green Mountein, Irish
Cobbler, and Russet Rural were used primarily, depending on the
location of the experiment and the choice of the grower cooperating
(table 1). Both whole and cut sced were used, the whole seed being
entirely of the Russet Rural variety. As a rule, the seed were sup-
plied and cut by the grower, therefore meeting the usual local standards
acceptable for commercial production.

CULTURAL PRAGTICES

The experimental areas were plowed and the seedbeds otherwise
prepared In accordance with approved local practices. In some cases
the potato plots were located on lsnd on which another crop had been
grown the previous year in & rotation while in other instances & winter
cover crop was grown and turned under between sueccessive potato
crops.  Without exception the scedbeds were well prepuared and in
proper condition which is an essential requirement of appraved cultura}
practices.

The spacing of the rows given in table 1 for each experiment ranged
from 80 to 36 inches. Ususliy the distance hetween rows is rather
definitely established, especially on each farm where cultivating,
spraying, and other equipment have been selected and adjusted for a
particular spacing.

The spacing of seet in the row given in table 1 ranged from 11 to
16.8 inchies. The seed spacing varied somewhat even on individusal
farms, and was determined largely by local conditions, variety of sced,
and date of planting.

The planting and harvesting dates were determined mainly by the
geographical location of the experiments (table 1). In a few of the
experiments beginning in March and April, cold weather ~nd rain
delayed planting but 1ot to an extent that would affect the study.

After planting, the experimental field was treated in practically the
same manner as a larger field, including cultivating, spraying, digging,

Fiourg 11.—Standard combined potato planter and fertilizer distributor used
to a limited extent in the fertilizer-placement study with potatoes. 4, Machine
erquipped with depositor for side placement of the fertilizer: a, Pair of single-
disk furrow openers for deposiling the fertilizer in & band at each side of the
row; b, fertilizer-delivery tube; ¢, special auxilisry bedding disk; d, seed shoe;
¢, standard bedding disk. B, Machine equipped with speeial furrowing tools to
place the fertilizer under the sced: f, Lolling colier; g, shovel with shiclds
attached for depositing the fertilizer in 2 band under the seed; &, mixing shovel
for mixing the fertilizer with the soil largely under the seed.
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and grading.  Indeed, the experiment wus {requently an integral part
of a commercial field and received precisely the same treatment
throughout the growing season.

The tillage operations following planting differed at the various
locations but was in accordance with local practices and prevailing
conditions. Precautions were taken to avoid excessive and deep
tillage during the later stages of plant growth particularly in dry
perzod% The erop was spraved at such intervals as wns required for
the control of inzects nnd disenses. Little damage from these sources
oceurred.

FIELD LAY-QUT AND PROCEDURE

In selecting the experimental areas an attempt was made to obtain
reasonably level fields and uniform soil of representative type and
condition. It was recognized that the relalive placement of fertilizer
and seed wouald be most accurnte when the experimental machine was
operated on level famd.  In all cases the individual plois as well as the
experimental areas were relatively large, ranging from a total of 1 to
5 acres.

Single-row plots were arranged in blocks ranging from lour to six in
number. In & few instances the plots were systematically arranged
although in most ecuses they were randomized within each bloclk.,
The arrangement of hlocks differed materially according to the
shape of the fields at the various locations.  The total length of the
single-row plots ranged from about 200 to GOO fect but areas were
disearded at ench end and the entire row was not used to obtain crop
recorcls, The shortest length of plot from which harvest records
were taken was 128 feet.

In those experiments where {requent spraying wus ordinaril
required the plots were arvanged to eliminate any effect on the exper-
ment of excessive packing ol the soil by the sprayer wheels, Four-
row guards were spuced throughout the experiment ot intervals cor-
responding to the effeetive wulth of the sprayer, In each sprayer
aperation, the wheels traveled between the inner and outer rows of the
Tour-row gunrd.

AL eertain intervals shorty alter planting, observations were made

detertnineg the hest time for taking emergence counts, These
counts were made Trom 18 {o 45 days aflter planting depending on the
season, variety grown, awmwd the location. The ecounts were made
either on the Iength of row intended for harvest, a totnl ol several
hundred {eef, or some arhitrary length suitable for estimating the
percentage of emergence. Al sprouts above ground were caunted.
In some instanees several counts were made at definite intervals,
usually 7 to 10 duyse. Final-stand counts were talen either just hefore
harvest or at & time during growth when all the sprouts were believed
to be nhove gronnd.

It wus eustomary to malke periodic inspections of the fields during
the growing season in order to record any unusual effects of the
treatments on root growth, set of tubers, ete., and to make observa-
tions on the relative vine growth, In making early root examina-
tions in the field, the soil was first cat with aspade about 5 inclies from
the center of the hill and purnllel to the row, then a quantity of soil
was removed to a depth of about 12 or 15 inches helow the surlace,
In this way the soil immediately at the side of the hill remained
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intact, permitting careful uncovering of the rocts and fertilizer.
Many of the roots, of course, were broken or otherwise destroyed but
enough usually remained intsct to make observations on the type
and condition of root growth especially in proximity to the fertilizer.
In some instances whole hills with most of the roots intact were
removed from the field in blocks of soil, the roots later being carefully
uncovered with water.

At harvesttime the experimental area was carefully measured and
staked so that all potato hills adjacent to but outside this area could
be dug by band and removed. This preliminary digging usually per-
tained to a 5- to 10-foot aren ot each end of the experimental rows
and sometimes intersectional areas of 5 to 20 feet In width. VWhen-
ever intersectional areas were not previously dug, rows of stakes were
used to mark the section divisions and the patatoes at the intersec-
tions were separated by hand as they were dug.

Digging was usually done with a mechanical digger either tractor or
horse-drawn. As a rule, alternate rows were dug, thus preventing the
potatoes from adjacent rows becoming mixed by rolling. Most of the
early Irish Cobbler crops in Virginia were plowed and scratched out
in the customary manuer,

Grading was done with a mechanical grader either in the field or
other suitable place, the potatoes heing haules to the grader in bags or
crates properly tagged or marked. In Virginia grading was usually
done in the field by hand except in the last 2 veurs when the Crops
were graded with a mechanjeal grader having a metal belt sheathed
with rubber., Weights of No. 1 or Primes graded for size only were
recorded separately.

RAINFALL AND GENERAL CONDITIONS

The monthly rainfall records during the erop season at or near the
location of each experiment and the departwre from noimal are
iven in table 2 according to the records of the United States Weather
urean. The points at which the preeipitation was measured were
reasonably near the experimental fields although in a few cases they
were at o distance of several miles. Iowever, it is helieved that the
monthly records here prescnted even for those experiments several
miles from the weather station adequately represent any wnusual or
general rainfall conditions that might have some bearing on the study.
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TaBLE 2.—Monthly rainfall durmg the crop season. at or near the various locuhons of fertilizer-placement experiments with polatoes

1931 1032 194 1931 i 1935 1936 1037

Logation ? of Weather Biirenu station and Morith -
experimental plot Precipi-] Depat- | Precipi-] Depar- [Precipi-] Depar- {Precipi-| DDepar- | Precipi-] Depar- |Precipi-| Depar-| Precipi-]| Depar-
tationn | (ure | antion | ture | tation | ture | tation | ture j tation | ture | tation tation ] ture

Inches | litches | Inches | Tnches | Inches | Inches | fnches | Inches | Inches Inchrs Inches
Mayv....oo [©] L 230 . 55 3. 16 0.51 1.81 | -0.00 2.06 [ —0.74 3.61 O]

June. . I 2,80 40 et . 1.05 .
July. e R . x . A =100
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New Bruaswick, N. 4, (Cranbugy: _, July . 5 63 i
Aupust__ L0 00
September. .. —2, 44
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Jul\..___n .

Onley, Va. (Onleyy. . ..o ..
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July..
Augus .
September. .

May.ew. .ot
B . June.
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hv()lerll-liur
October_....

HELLTADINDY A0 “LdAd 'S "D ‘699 NIL
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May.io. oo
East Jordan,” Mich, (Mancelona).._._ e

October_......

July ..
Bridgeton, N. T, (Bridgeton).............. Seplember. . :
October..... . 3 —.81 .

1 Climatological data of the Weather Bureau, U. 8. Department of Agriculture.
? Location of experiments shown in parenthesis. (See table 1.)

3 Experiment was not conducted.

! Experiment located at Southold, N. Y., in 1037.

& Rainfall records taken at Mansfleld in 1931 and Hiram in 1035 and 1936, E
¢ Experiment-loeated at Lexington in 1931, Smithville in 1932 and 1933, Reedsburg in 1934, and at Hiram in 1935 and 1936.

7 Departure for Enst Jordan records not given by Weather Bureau: ealcilated on the basis of the average monthly precipitation over a period of 11 years.
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The rainfall during the periods covered by the general study was
doubtless subject to the usual variutions. Some extreme departures |
from normal occwred for certain months at certain loeations. Only
in a comparatively few cases could the crop season at individual
locations be considered extremely dry or wet. The influence of ab-
normal rainfall on the crop obviously depends largely on the amount
of departure even for a single month and the stage of crop Jdevelop-
ment; thus any deviations of significance in this respect will be men-
tioned under the discussion of the crop.

EFFECT OF FERTILIZER PLACEMENT

The study of fertilizer placement for potatoes as previously indi-
cated counsisted of two principal phases, the first involving representa-
tive placements of fertilizer applied in continuous bands and the
second involving different placements of fertilizer confined to short
bands at the sides of each seed piece or hill,  Since the first phase of
the work at several locations consisted of identical series of placements
for both single-strength and double-strength fertilizers, these desig-
nations may be regarded as two main subdivisions.

As stated earlier, the investigations were progressive to the extent
that treatments were either discontinued or added when, in view of
the previous findings, sych changes scemed desirable. In the initial
work the fertilizer was placed in the row both lightly and well mixed
with the soil and in a band in positions above, under, and at each
side of the seed row, as will be noted in the tables of results.

It was soon definitely indicated that placement of fertilizer directly
above the sced plece was an inferior method and this was discontinued
after the second season. Also, after four seasons’ work, it became
evident that the use of only ons type of fertilizer in each experiment
was_sufficient to determine the relative standing of the different
methods of application, hence the use of the fertilizer designated as
“double-strength” was discontinued.

As the study progressed additional comparisons seemed essential
and otber methods of fertilizer application were introduced. These
included fertilizer applied at two different depths direetly under the
seed, closer intervals of fertilizer bands in a wider range of distances
to each side of the row, placement at both sides and a$ only one side
of the row, and the comparison of two distinetive local practices with
the other methods specified. Among other changes introduced was
the use of different quantities of fertilizer per ncre.

Since the inauguration of the study a number of progress reports 8
(6, 14, 19) have been issued both on individual experiments and on
one or more season’s work. Although the essential conditions and
the most pertinent data are presented here a number of the progress
reports on the individusl experiments include additionnl detailed

information.
PLACEMENT IN CONTINUOUS BANDS

The results obtained {rom varying the placement of fertilizer in
continuous bands are discussed on the bases of stand, plant growth,
and yield. Major emphasis is given the general trends because of
their widespread importance in the lertilization of the potato erop.

'f‘-;ATI(]J'.\’AI. JOIST CunwITTER 08 FERTILIZEN APFLICATION. PROCEEDINGS 8-13. 1032-47. [Minio-
graphed.,
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TasLe 3.—EBupidily of emergence as indicated by the percent stand of potaio planis during the emergence period for different placements of both single-strength aund double-strenglh fertilizers, 1951-87

SINGLE-STRENGTH FERTILIZER

Virginia New York [ A vorago s Miehigan (Greonvillo} (Aot Aversg f gy
+ migl-

oastern arul
o wosleen .

experi wxperi- | bver

1936 1942 X 1043 1934 menLs

Placement of the fortilizer Maine Neow Jersay

Deseription 1932

=
e

No lertilizer - parcent. _ 9
Band 7 inches wide, 2 inches ahove seed 0
Nixed lightly with so0i! largaly above sead
Mixed with soil largely under seed.
Band 4.5 inchas wide, 1 inch under seed

Baod 4.5 inches wide, 2 inches undcer sead
Band 1innh to each side oo seod lavel
Band 2 inches to each side on seed level
Riand 3 inches to each side on sed level
Eand 4 inches to cach side on seed loval
Band 2 joches to each side, 2 inches halow seed
Band 2 inches Lo one side oo seed lavel |
Local method used in Malne....
Locn) method used in Virginio
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Fertilizer analysis
TFeriilizer apniied, per oera

LE-STRE

Band 7 in¢has wide, 2 inches above seed
Mixed lightly with soil largsly ebove sead
Mixed with 0il lavgely undar seed
Band 4.5 inches wide, 1 inch nuder sead
Band 4.5 inches wide, 2 toches under seed
Band 1 inch to each gide on soed lavel
Band 2 inches to ench side on sead lavel

Haond 4 inches 1o sach side on sead Jovel __
Band 2 inches to each side, 2 inches balow sead _
Local method used in Maina

Local mathed used in Virpinia

Fertilizer analysls. _.doo.. B-16-14 {5-10~14 10-16-14 | 10-18-14 12-12-i0 12-12-10
Tertilizer applied, per aere pounds_ . 1, 00 1,400 ] 1,000 1, 000 1,000 1, 600 1, DG 1,000

1 At Bridgeton, N. J. ! Averages of 8 midwestern sxperiments with single-strength fertilizer: Miehigan {Groonville), 1631-34; Michigan (Mancelona), 1933-34; and with double-strength factilizer
only for Michigen (Greenvilla), 1931,

1 At Crenbury, N. J, .
1 Avarages of 13 esstern experiments with slogle-strength fertilizer: Maine, 1932-35; New Jersay, 1931-34; Virginis, 1982-84; Mew Yerk, 1935. Avarages of 10 pxperimenis with fort ﬁ‘Genuml averages of cormparable itams comprising those incleded in the 2 sectlonal uverages, of 6 total of 16 items for singlo-strongth fartllizer and 11 items for double-strength
ArplLIer.

double-strength lertiiizer: Maoine, 1932-34; New Jarsey, 1631-33; Virginia, 1032-34.
166086°——36  (Face p. 25)
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EMERGENCE OF SEED SPROUTS

Ia many sections where potatoes are grown commercially, rapid
emergence of the sprouts above ground is sometimes taken as an early
indication of a good crop. This criterion has mnot always proved
relinble because numerous conditions often prevailing between sprout
emergence and harvest can seriously affect the yield. However, there
are sound reasons for wanting fairly rapid sprout emergence even under
many widely different conditions of growth. Perhaps the principal
reason is to avoid damage from Rhizocionia (23). In certain late-
potato districts, the shallow-cover method of planting is used ex-
tensively in order to induce rapid sprout emergence while in other

Figurg 12.—Rapidity of cmergence of Irish Cobbler potatoes for different phuce-
ments of 6-6-5 fertilizer ut 2,000 pounds per acre on Sassalras sundy loa st
Onley, Vu., planted April 6, photographed April 27, 1934: », Iand 1 inch to
erch side on sced Jevel; b, mixed lightly with soil Jargely above sced; ¢, band
4.5 inches wide 1 ineh under seed; o, band 4 inches 1o cach side on seed level

districts producing early potatoes, rupid emergence is induced by
leveling off the ridges.

In general, the eflect of a fectilizer-placement method on the rate
of sprout emergrnce is an important consideration in determining the
relative value of the method (13). Data concerning the ellects of
various methods of fertilizer plecement under dillerent soil and sea-
sonal conditions are given in table 3 and comparable averages are
shown graphically in figure 17.  The figures in table 3 represent per-
centages of perfect stands—-that is, o ratio of the aciual numboer of
plants counted to the number of sced pieces planted as ealculated
frem the ebserved seed spacing.

As a basis for discussing table 3, the placements may he conven-
iently grouped. Placements Nos. 7,8, 9, 10, and 11 constitute a group
of side placements in which the essential difference is the distance the
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fertilizer was placed [rom the seed piece. Tlis group of placements
gave the most rapid emergence of sprouts throughout all the experi-
ments. In this group no one side placement was particularly out-
standing with respect to sprout emergence,

When the fertilizer was placed in a single wide band underneath
the seed (placements Nos. 5 and 8) the rate of emergence was retarded,
especially in the eastern experiments (fig. 12). In the midwestern
experitnents, fortilizer placed underncath the seed in the mannor
described retarded emergence in Michiran even with the relatively
small amounts of fertilizer applied. Fertilizer coming in contact
with the seed (placement No. 4) under Ohio condilions gave o sharp

Froems (3.- Rapidity of emergence of Jri<h Cobbler potatoes for dilfepent plaiace-
mente 6F 8 6.5 fertilizer al 2,000 ponnds per aere on Sus-afras el losm at
Ouley, Vo, planted April 8, photograpbed April 27, 1934; @, Band - inehes to
cach »ide ;i seed fevel; b mised wiin soif largely wder seed: e, baned 2 inches
to el ~ide on secd level.

decrease in the rate that the sprouts emerved s Indicated in the carly
stuge of plant growtl {lig. 16).

Fertlizer mixed with the soil as deseribed for placements Nos.
2 and 3 gave rather consistenty delayed emergence as compared to
stde placement in all experiments.  These comparisons are shown in
figures 13 and (4. Relardation of emergence also occurred tn the
New Jersey and Virginia experiments when n wide band of fortilizer
was applied above the seed. The rapidity of sprout emergence for
the Joenl method used in Virginia was practically the same as that for
the side placement in bands 2 inches Trom the seed piece.

When double-streagth fertitizer is used the method of placoment can
assunie even greeler importanee with respect Lo emergence of sprouts
thun is sometimes the ease with single-stroneth mixtures.  However.
the results of the emergence studies with double-strength fertilizers
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Taste 4.—Finel stend as indicated by the percent of a perfect stand of polato plenis after the usual emergence period for different placements of both single-strength and double-sirength fertilizers, 1981-87
SINGLE-STREWNGTH FERTILIZER

. . - . Michigan | Avcroge
Pineement af Lhe lortilizer Mauing Naw Jorvey Virginia New York Aﬂ":;tlr Okl Michigan (Greenvilla) {Mancolona) mid-g Qegeral
astern wasiarn
e e %xﬁ{?ri- &‘Pﬂl'"a Aversge !
Xo. Duseription 1931 1 10312 | wsD | aour | o1ost | s 1032 1833 1934 1935 | 36 | 1037 | 1034 { 1935 | 1es6 [Teots: anar i 1602 | 1033 7 w0s4¢) w34s| 1930 | 1932 | f033 | fe34 | 1035 | wmn [ iggs | menis
S { Nofortiieero . oo ooenn. I ; 95 90 v B9 sl 7 o 94 54 | 83 0 02 Bt 87 05 B0 [oeme 87 85 88 89 00 75 8 88 & 87 8t 8y 88
L | Band 7 ioches wide, 2 inches sbove sesd . i 09 b1l R it I 80 - L ] B el EEREETTT EETTETES FREV T EPPOP
2 | Mixed dghuly with soil largely shove sew 08 | - 83 -5 I 48 83 93 o0 Y iy (T — [ 3 &
3 | Mixed with seil largely under seed. . i 98 93 83 51 71 ) 83 36 LN DI or 53 80 o3 82 76 72 02 o a7
4 | 1o turrow with seed Y I S PR eemfamnm———— JON [ S a8 51 88 1 (SRR A —— - =
5 [ Baud 4.5 inches wide, 1 inch under soed. 94 il 13 g2 ! a3 i) a3 o 95 88 | .. g0 2} 84 82 87 04 08 a3
§ | Band 4.5 Inches wide, 2 lnches undof seed.ne .o oo Tl T e L Lol T T T T Ry 175 I - s ==
7 | Band 1 inch to sach side on Soed Jevel. 3 JE 3 M M B 08 £5 9 81 il a3 35 83
8 | Band 2 inches to each sido on seed level. 93 05 02 a7 a2 87 B2 1 ne 00 83 85 BY 1 29 7
9| Bnnd dinches o enchsidsonsond dovol . __._._dolloqeee b epy e T TR R e ey e e 85 -~
10 | Band 4 inehes to eaeh sido on seed Jovel. ... . 84 H . 7 83 Jamaesonn M 82 87 83 iy B o 70
11 | Band 2 inches to each side, 2 inclies bolow sepd 03 95§, o5 80 . 2 84 a5 82 85 I o8 7
i2 ¢ Bangd 2 inehos to obe Side on seed lovel 160 94
13 | Local mrethod used in Maine._ o B e B vl SR EESIISIS] SSISREYN FUSTRRURI PO P N— S — E U —
i4 { Local mothod used in Virelnin BT EERPN S S N 95 e an 69 oL S USRI SR [ B e B haahart Lt TN -
Fertilizor 60ulysis.eenoonn. R L s e I R e T e 8.7 587 | 471 +%7] 487 | 487 -B-5 6-0-5 -G-51 G--51 6-6-5| 6-4-5| 4-8-7] d-B-5| 4-B-5 d=l0-0 [ 4=10-0 [ 4=10-8 | §=30-8 | &-10-6 | 4-3-7 { 4-8-7
Foctilizer appliod, por nery. . Coeooopotmds. 2000 b 2,000 | 7w TR0 2 2,000 | 2,813 ! 20! e ot |3 d I 2, M 2, 000 2,000 | 2,000 | 2000 | 2,000 | 2,000 8060 2,000 ... __ LOGO | LAM| 3500 ¢ L5001 1,500 800 FH
DOUBLERTRENQYTH FERTILIZER
i | Band 7 inelws wide 2 inches nbove sand._ parcant BY a4 90 fae oo s 40
2 Mixed lightly with soil Jarpely abave s T PR PRV SUUSI N S N AU I 2t PSP (RN PR A A R
4| AMixed with soil hrrgely under sped___ oo i 45 h 7 ] 52
5| Bagmil 4.5 inchas wide, I inch nnder sewd. o un X i Bt jilt i
6§ Band 4.5 inches wide, 2 inches under seer U 19 S (SR P P e k123
7 | Doud 1 inch to cach side on seed bove) . _J 00T T o [P DU 7 1} 4] M
8 | Band 2 inches 10 caeh sids on soed lovel . o ] EH EG @t 4] 8l
U | Band 3 Inclies to anch sida on soed level da.... N L) A O S PR R
10| Band 4 inebes Lo gach side on seed level. ther. . u3 ] 04 b5 a1 3]
il | Bond 2 inches to cach side, 2 fnchey bulov R Ao il it HLY 154 i 41
13 | Locsi methad used in Maine . b (SR PO, [ S PSRRI
4 | Logu! method used in Viegin: P | T TTIO FR JUUR [ SV MR R [P RS ]
Ferlilizer analysis. ... . I Y 19 -46=14 § 03014 [S-18- 00 I5-d-da (. b oL 123210 | 12-42-30
Fortilizer appliad, per ac eee e IO S i 1,8 LOGO | LOwd | L0000 | e - 1,000 1, Gu0

! Bridgetan, N.J.

7 Cranhury, N. J.

: Jévgrageg o; cnmémrabia itoms for 14 eastery oxperiments with singlo-strength {octilizor, Mutno 1932-45, Naw Forsey 1031~34, Virginia 1002-34, New York 1034-05 and for 10 cxperimonts with double-strangth fertilizer, Maine 1032-34, MNow Jersay 163133, Virpinds 1032-34.
ut seod planted.

¥ Whole seed pionied.

¢ Averages of comparabie itemy for M emidwosiorn experlimonts with singlo-streugth fertilizer, Olily 1932-34, Michigse (Greeuvitle) 1931-34, Michigan (Mancelonu) 103335, nod with doublo-atrength only for Michigan (Greenvlile) 1631,

! Gnnersl avorakes of esmpurable Jlowms comprising those jncludad in thy * seetiomal averages, or u totul of 24 tems with sipgle-strongth fertilizer sud I ftoms with double-strougth forLilizer.

108836°—20  {Face p. 2T)
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given in table 3 indicate that side placement is generally as desirnble
with this type of lertilizer as with single-strength nixtures.

FINAL STAXKI}

Although rapid sprout emergence js important in order to pro:ote
early plant growth, yet generally the final stand of potato hills or
plants in 2 large measure determines the yield produced. To a large
extent the percentage of final stand depends on the quality of seed
used. It is conceivable also that some methods of placing fertilizer
may cause reductions in stand either directly or indirectly.

In experiments whare it can be definitely shown that the final stand
1s significantly affected by the treatments being studied, then stand

LU .o IR

Freure HM.--Rapidity of cmergence of Irnsh Cobller potatoes for aifferend
placements of 6-6-2 fertifizer ut 2,000 pounds per acre on Sassafras sand ¥ loam
at Onley, Va., plainted April 6, photographed April 27, 1984: o, Band 2 inches
o each side 2 inches below seed; b, mixed lightly with soil lurgely ahove seed;
¢, mixed with soil throughout the ridge—a local practice in eastern Virginia,

automatically becomes a function of the treatment, inasmuch as the
vield produced is ultimately aflected. In this event correction of
the final yields for stand differences is not only not vulid, but, if done,
will tend to minimize the actual difference in yields obtained. Early
in the present work, a few instances were found where the final stand
wes significantly affected by the fertilizer placements used, hence no
corrections for stand differences were made. '

From the final-stand datn presenfed in table 4 and comparable
averages shown graphically in figure 17 it is evident that the methods
of fertilizer placement studied generally had no definite or pronounced
effect on the finul stand. The minor fluctuations that occurred in
the stand duta for any one placement from year to yesr can undoubt-
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edly be attributed to varistions in seed quality and to weather con-
ditions. In contrast to the variations in time and rapidity of emer-
gence that occurred on some of the fields, the final stand results appear
remarkably uniform.

It is recognized that where missing hills occur the remaining space
may prove to the advantage of adjacent hills thus causing them to
yleld more than they otherwise would under competitive conditions.
Stewars (25) found a 53.8-percent increase in yield of bills adjacent
to & missing hill and Werner and Kiesselbuch (29) 58- 10 63.2-poreent
increase,

In order to determine the importance of the missing-hill effeet,
competitive hills were dug separately in several instances and the
yields were caloulated from these selected hills. It was fvund that
the yields from individually harvested hills of this kind compared

Frovre 15, Stand and carly growth of potato plants for different plicements of
4 108 Tertilizer at 1,500 pounds per acre vn Canfield silt lomn at Smithville,
Ohin, 1533: ¢ Bund 2 inches {0 caeh side on seed level: & Dand 4.5 ins les wide
I ineh under seed; ¢ band 1 inch to each side on seed lovel.

veey faverably with yields based on the entire harvested plot.  Since
the final stand was vsually unaffected by tho methods of placing the
Tertihizer used in the present studies, whatever advan{age was derived
from. missing hills apparently was also uniforinly distributed and had
fittle or no effect on the relative vields.

PLANT GROWYT

The above-ground portion of the potato plant commonly referred
to as vine growth constitutes the meclhanism by which the plang is able
to utilize solar encrgy and perform the necessary fumations required
to maintain itself and produce a crop of tubers.” 1t is therefore im-
portand that adequate vine growth be produced to maintain o satis-
factory halince betweoit environmental conditions and the funetioning
of the leaty plunt.

Tt is rather difficult, if not practieally impossible, (0 show a qualita-
tive relationship under field conditions between vine growth and
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ultimate yield of tubers because occasionally large vine growth
proves to be & detriment under unusually dry soil conditions accom-
panied by hot winds.

The method of placing fertilizer has been observed to aflect both
the amount and nature of potato-vine growth. These observations
frequently served as a basis {or distinguishing certain unmarked plots
in the field but less frequently afforded a relinble indication of probable
crop vield. Changes in relative vine growth were obhserved to take
place during the growing season, therefore the growth obtained with
one or another of the fertilizer placements depended a good deal on
the datc of the observation, the season, and the variety grown., In
general, however, at blossom time or later the vine growth obtained
from placing the fertilizer underneath, above, or in contact with the
seed was inferior to that from side placement. The increased enrly

ATR LA

Xt
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|"‘§.-‘; |
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Frorae 16—=3iand and sarly growih of potato plaots for different placenients of
4- 104 Tertilizer at 1,300 pounds per aere on (anfield =ilt loam at Smithville,
Ohin, 1933. a Band 1.5 inches wide 1 inch under serd: & band 2 inehes to
each side on seed level; ¢ in furrow with seel: d band 4.5 inches wide 2 inches
under seed; & no fertilizer.

vine growth resulting from side placement compared to underneath
placement of fertilizer under Ohlo couditions i1s shown in figures 15
and 18. TInferior vine growth glso could ocecusionally be detected
when the fertilizer was mixed with the soil under or above the sead
piece. Sile placement of {fertilizer in hands 2 inches away from the
seed on the =ame level usually gave satisfactory vine growth and
napy times produced the bhest growth of vines in the experiment.
Equal in importance to vine growth is root growth. No attempt
was made to conduct a comprehenzive study of root growth in relation
to this phasa of the fertilizer-placement work, but mwnerous root
observations were made on plants in the feld. These observations
failed to disclose any apparent injury to the roots from the fertilizers
used at the rates and 1n the manner deseribed. Furthevmore, no
evidence wus obtained to indicate excessive concentration of roots
near the fertilizer when band diztribution was used. Lf 1s sometimes
from 10 to 20 days after planting before potato root growth is estab-
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lished. During this period considerable change can talke place iu the
fertilizer. The soluble ingredients can permeato the soil above and
below the band and other changes can take place which may render
the fertilizer less likely to cause root injury or to cause excessive con-
centration of root growth.

Although injury to the roots was not visible from the field observa-
tions of the root systems, vet it was evident from the results on rapidity
of sprout emergence that fertilizer had some deterrent effects when
applied either immediately under or above the seed piece.

TOTAL YIELDS

There is no one generally recognized manner of reporting the yields
in potato experiments. Results may be given for tota yields in-
cluding all potatoes harvested, as in table 5, or as yields of primes
(U. 5. No. 1) graded with respect 1o size only as in table 6, or as mar-
ketable potatoes. As far as this study is concerned most of the
results worthy of important consideration Lave remained practically
unaltered regardless of the two bases selected for reporting. This
similarity of results for total vields and primes might be expocted
from consideration ol the Tact that usually seconds and e ls comprise
less than 15 to 20 percent of the total yield, depending largely on
location and season. Moreover the actual quantity of seconds and
culls harvested has frequently been found to fluetuate very little in
any one experiment, apparently without much regard to the total
yield.  This relationship, found to be especially true in the Long
Island experiments, undoubtedly exists at other loeations also.

The totul yields presented in table 5 may bhe conveniently grouped
for discussion aceording to types of fertilizer placement. The first
group consisting of comparable side placements may include place-
ments Nos. 7, 8, 9, 10, 11.  Throughout the entire work, including
the use of both single- and double-strength fertilizer, this group of
fertilizer placements hns included miost of the highest yields and
practically none of the low yiekls. The manner in which hieh yields
have persisted in this group at the various loeations througtiout the
7 years, may he accepted as very convineing evidence of the desira-
bility generally of placing {he fertilizer for potatoes in bands at the
side of the seed.

It 1s not to be expected, however, that this general conclusion was
without exeeption.  Chiel among these occurred in the data from
Virginia in 1932, Ohio in 1931, Greenville, Mich., in 1931, Munce-
lona, Aich,, in 1933 and 1935, and Maine in 1932, the latter with
double-strength fertilizers. These exceptions to the superiority of
sile placement of fertilizer, however, detraet little from the bulk of
evidence presented by the dufa in table 5. The average yields for
13 eastern experiments and those for 5 midwestern experiments
further emphasize the superiority of side placement. These averages
are graphically presented in figure 17.

For further purposes of comparison and to simplify presentation,
the results from all groups of fertilizer placements have been com-
pared with those from plucement No. 8 band 2 inches to each side
on seed level,  Theresults of these compurisons are shown in figure 18,

The selection of placement No. 8 ns o base for comparisons of the
other placements in figure 18 was not entirely urbitrary. This par-
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TABLE 5.-—Total yields of potatoes per acre for vorious placements of both single-strength and double-strength fertilizers, 1931--37 1

SINGLE-STRENGTE FERTILIZER

Placamant of Lhe fertilizer ; Maine WNew Jorsey Virginia (Eastern Bhore) New Yark (Long Island)

4
e

Description K 1922 a3 1933 1834 1838 1037

Nofertillzer oo bughels..| 22 00 188
Band 7 inches wide, 2 inches abuve spéd. . 1 2u
Mixed lightly with soil lsrgely nbove sead__ . . - |- st
Mixod with soil largely undor seed_ i L : di ) 235
Band 4.5 inches wide, 1 inch under seed... : ; : 2
Band 4.5 inches wide, 2 inches under seod -

Band 1 inch te each side oo seed Tovel.. .

Baod 2 inches to sach side on seed level

Bard 3 inches t» each side oo sead level

Band 4 inchss to each side nn saed Jovel .
Baud 2 inches to each side, 2 inches below sped .
Bund 2 jnches to one sido on seed level.._ ..
Local methnd used in Maing. .., ...

Local methed used in Virginia . |- -

Fertilizer avalysls ... .. eeoee.. ...perceni.. 7 4-8-7 | =BT 4
Fortilizer applied Per 0ero . oooereoas .o onon.on o patinds. . 2,000 2,000 | 2,000 | koo

[}
ﬂ@"lcaﬂ'lmbd'—"q

DOUBLE-STRENGTH FERTILIZE

Band ¥ inches wide, 2 inches above soed . ... bushels._
Mixed lightly with soil Jargely sbove send

Mixed with soil largely under seed

Band 4.5 inshes wide, | inch under seed__

Band 4.5 inehes wide, 2 inclics ynder svad

Biand 1inch to each side on sead lovel __

Band 2 inches Lo each side on seed lavel

Band 3 Inches to each side oo seed leval..... .
Band 4 inches 1o each side oo seed level ... 311
Band 2 inches Lo each side, 2 inches below seedl, ... .dg.... - 330
Local method used in Maijne, do__._
Loval method used i Virginia__. PR () : o

Fertilizer anulysis pereent j8-18-14 [8-18-14 10-16-14 | 10-16-14 |B-1B8-14 . calae 12-12-10 | 12-12-50 | 12-12-10
Fertilizer gpplied per sera pounds..| L0301 1,000 | 1,000 1,000 o {1,000 ] . . 1,000 1, U0 1, 60D

D00 =g O b G

SINGLE-BETRENQTH FERTILIZER

Placeinent af the fertilizer Michizan {Greenoville) Alickizan (Mantviona) Jverages?

for 12 General *

north- f;;’?fu"%i.
contenl &~ | oian ts
Descrintion jreriments B

4
b

H

Wodertilizer, oo il e 111511els..f.
Band 7 inches wide, 2 inehes abinvo seed . .

Alized lightiy with sofl loreoly abavo seed
Mired with s0i) lureely under sped

Io forrow withseed.. . ..o Lo L

Band 4.5 inphes wide, 1 ineh onder seed
JBand 4.3 inches wide, 2 Inchrs nnler seed_
Hand 1 ineh to anch side oo seed level, .
Land 2 inches o each side on sooed levol

Band 4 inckes Lo earh s{do oo seed Jevel.. .
Band 2 inches te pach sirde, 2 nciies below seed

b S0 =) T T e BT D

bt e

Fertlilzer anolysis. . oo oeeee oo eae. DOTTOTL
Fertlizer applied, paraert. oo e oooiias o cnannn. . piinds

Mixed lightly wilh soil Targely above seod .. . an—a bushels. 44
Mixed with ol Inrcely umler seed_. .. Y D DR B
Band 4.5 laches wirde, 1 Snch under seed_ . P [+ T PR It
Band 2 inches 10 eweh side on soed level . PR 1 T 410
Band 4 inches tp each side an seed level PR ) [ J 427
Baod 2 inches to each side, 2 inchies below septl. do -

Fertllizer pnalysis, ... U ' i . O B-20-12
Fortilizer npplied, peraero. . oooe oo o R pounds. . 750

! Bee table ) for detall Information concerniug cach experiment,

: %xperiment {cm{eg ug ]ériducton.
X, menl tocuted at Cranbury. , ) .. . . -

‘ Avle)r&;p:es of rusults directly wm)pnrub!o: Maine 1042-35, New Jersey 1931-34, Virginle 1932-34, nnd Naw York 193435 eomprising 14 experitents with sloglostrength fertillzer and Malng 1532-34, Now Jersey 1031-33, und Virginis 1032-34 comprising 10 experlments with
double-strengih fertilizer.

1 Cut sead planted.

* Whole seed Ianted.

1 Averages of Tesults dlreclly comparable; Ohlo 1921-34; Greenville, Mich., 1931-34; and Mancelona, Mich., 1433-35.

! General averages of comparable Hlems comprising those included in the two segtlohal aversges.

108688°.--39 (Face p. 30)




FERITILIZER PLACEMENT FOR PUTATOLS 31

ticuiar method of placing the fertilizer was, first of all, included in
every experiment. In addition, the yields obtained afforded a rela-
tively uniform basis of comparison because they were invariably good
vet not always the highest, corresponding more to a mean rather than
amode. In considering figure 18 it should be observed that the white

EASTERN EXPERIMENTS

e R | 3)Well mixed T T
Early emergence
DAL SAISISII L, : ll (5)Band I"under ORI N T
Later emergence
[ N i {8)2%each side PR TTTHINITITT N N
AL, e L (I10) 4"each side o ST Oy

(11) 27each side P TTTETITTEEETE
2" below

(B Well mixed | OTTOUSTINIT

{5)Band ["under TR

{B ) Zsach side RN N N
§{10) 4%each side O TTTTITUIHTNIC

(il} 2"cach side [T,
2" below

{ 3) Well miked o i IO

(5}Band "under ETRTEONN TR

( ﬂ) 2%sach side :\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘

{10} 4%ach side TN T

H{11)2"each side  FrEOTEN TR TN
“h

100 6 glaw 5 100 200 300

Stand of plants (percent} Tatal yield (bushels per acre}
Ficune 17.—8tand counts indicating both rapidity of emergence and final stand
of plants and {he fota! yiclds for representative placements of single-strength
fertilizer. The number of the different fertilizer placements are given for
convenience in referring to the corresponding sketches in figure 5. The bars
represent comparzble sverages for 13 experiments in the eastern eection, 5
experiments in the midwestern section, and 18 experiments for the entire area.
(Maine 1932-35; Noew Jersey (Bridgeton) 1931, (Cranhury) 1931-34; Virginia
1932-34; New York 1935; Greenville, Mich. 1931~34; Mancelona, Mich, 1933).

bar representing the results {rom placement No. 8 is strictly com-
perable with the placement results represented by the black bar in
aach case but the black bars are not necessarily comparable with
each other.

The results of the enstern experiments shown graphically in figure
18 indicate a satisfactory response from side placements Nos. 7, 9,
10, and 11 as compared with placement No. 8. Placements Nos. 2,
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12, and 13 also gave indication of s satisfactory comparison with
placement No. 8, but these comparisons cannat be regarded as reliable

EASTERN EXPERIMENTS

00— [ r

BO [ [

60 = - -

a2 2 i3 2 4 14
7 PR

g

9 2

DWESTERN EXPERIMENTS

[
y lz
i . 1o

I
6 T

Rotio (percent)
- S S S
o 9 O © o o

ALL EXPERIMENTS

%

T T
H
o &

F16eRe 18.—Ratio of average total yields of potatoes for each fertilizer placement
{(shown by black bar) fo the average tofal yield for placement No. 8—a band
2 inches to each side of and on a level with fhe seed piece (shown by white bar)
which has been designated 100 in cach case, The black sand white bars mak.
ing up each pair are comparable, and the number of items averaged is shown
hy the nuineral in the center of the white bar. The average yicids represented
by the black hars are not necessarily comparable with each other, The num-
bers of the different fertilizer placements are given for convenience in referring

- to the corresponding sketches in figure 5.
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as those made among most of the side placements where 13 or 14
items were arranged.

The results of the midwestern experiments (fig. 18) are very similar
to those of the eastern experiments shown in the same figure. The
greatest differences occurred between placements Nos. 11 and 5; the
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former giving relatively lower yields and the latter relatively higher
yields in the midwestern experiments,

When the results for all experiments are grouped and compared
with placement No. 8 as shown in figure 18, & broad yet comprehensive
picture of the results is obtained. Itis plainly evident that placement
No. 8—band 2 inches to each side on seed level—was superior to all
the other placements used, except placement No. 7 in which the bands
were placed 1 inch to each side at seed level. In this one case the
average yields were the same.

The relationship of rapidity of sprout emergence and final stands to
total yields of potatoes is indicated in figure 17. Under the conditions
of these experiments particularty in the East o definite retardation
of sprout emergence as occurred with placements Nos. 3 and 5 was
associated with reduced yields. The final-stand results in figure 17
correspond in general to the sprout-emergence counts for the mid-
western experiments but not in the eastern experiments. It is appar-
ent from figure 17 that the effect of retarded sprout emergence was
not entirely overcome during later growth, for even though the final
stand of plants appears to be satisfactory, lower yields were obtained.

YIELDE OF PRIMES

The statistics pertaining to the yield records of prime potatoes were
obtained by Fisher’s analysis of variance (12). In conforming with the
principles underlying this method of analysis, a field design with the
plots arranged in rendomized blocks was used almost entirely. The
randomized-block arrangement was selected ss being more suitable
for this particular study than the Latin square arrangement. Because
the erops were planted entirely with mechanical equipment, a field
arrangement with minimum intersectional areas was almost necessary.
Wherever the blocks were arranged end ou end, intersectional areas
from 15 to 20 feet wide were required in order to satisfactorily manipu-
Inte the experimentsl planter drawn by tractor or teanm. When such
areas were necessary they were usually planted by hand after planting
on the experimental plots was completed. A} harvesttime it was
necessery to dig by hand and remove the potatoes from these areas
before operations could be commenced on the experimental area.
With the randomized-bloclk arrangement intersectional areas could
be reduced to a minimum or eliminated entirely if desired.

The standard error obtained for the experiments at different loca-
tions ranged from 2.4 to 9.5 percent {(table 8). A standerd error of
about 5 percent with from four- to six-treatment replications was
found to be fairly relinble throughout this worle. Where an unusually
high standard error was obtained, ss for the Virginia experiment in
1632 and Obio for 1934, it was traceable to the effects of an unusual
environmental influence.

There were three instances: Long Island 1937, and Mancelona,
Mich., 1934 and 1935, where the calculated Z value did not reach the
5-percent point in spite of an apparently satisfactory standard error.
In these instances there is a very definite indication that the treat-
ments in general had only small effect on the yields although the
experiment as o whole was satisfactorily conducted.

he yield of prime potatoes is important because it represents the
portion of the total erop from which the grower derives his lnrgest
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returns. As already pointed out, yield of primes in the present instance
is taken to mean U. S. No. 1 grade with respect to size only. How ever,
the percentage of unmarketable potatoes included in this grade was
always very small.

The ylelds of primes are presented in table 6. These vields relate
to the total yields from the various fertilizer-placement methods that
have already been discussed. For ressons previously stated, it will
be found that the general results obtained on the basis of vields of
primes correspond c%osely to the total-yield results. As with the total
yields, most of the high yields of primes were obtained with the side
placements of fertilizer (Nos. 7, 8, 10, and 11) including both single-
strength and double-strength mixtures. Fertilizer applied under the
seed, placements Nos. 5 and 6, generally gave lower yields than side
placement in bands but these differences were not always significant.

Numercus other comparisons in table 6 can be made both at indi-
vidual locations and for suceessive years, using the bushels required
for significance as a criterion of reliability. In doing this it will be
observed that placement No. 2—fertilizer mived lichtly with soil
largely above seed—wss particularly outstanding on Long Island.
Plgeement No. 7—bands 1 inch to side at seed level—also gave excel-
lent results on Long Island and st all other places used, except Green-
ville, Mich, It should be noted particularly that this method did not
work so well with double-strength fertilizer in Virginia.

Of the four side placements used, Nos. 7, 8, 10, and 11, none gave
signifiennt difference in yield indicating superiority generally. How-
ever, placement No. 8—band to each side on seed fevel—consistently
produced relatively high yields of primes throughout all of the experi-
ments reported in table 6.

Date on the number and size of tubers in individual hills for different
placements of fertilizer, which were determined in several gxperiments,
are neither presented nor discussed in this builetin. The foregoing
dats of both primes and total yields indicate the same general trends
as similarly classified records of individual-hill determinations.

DOUBLE-STRENGTH FERTILIZER

The subjeet of fertilizer placement for do uble-strength mixtures may
involve certain considerations not usually recognized as importent
with single-strength fertilizers. Because the percenfage of plant food
in double-strength is twice that in single-strength fertilizers, it might
appear that special care would be necessary in placing such fertilizers.
Comparison of total selt concentrations of the two types of fertilizers
(/1) have shown that the total salt content from double-strength fer-
tilizer in the soil is actually less than thatfrom single-strength fertilizer
when corresponding percentages of plant food ave appited. In the
present work, however, the double-strength frequently contained less
organic nitrogen from natural sources than the single-strength ferti-
lizers hence they can be considered more readily soluble,

In the preceding discussion of the general effects of fertilizer place-
ment on the yield of the potato crop, attention was called to the simi-
larity of the results obtained with single-strength and double-strength
fertilizers. There wus no genersl exception to this close relations Wip
excep?t for rapidity of sprout emergence (table 3) in the case of place-
ment No. 2. In New Jersey and Virginia light mixing of the double-
strength fertilizer with the soil gave a relatively slow emergence.




TaBLE 8.-— Yields of prime potaloes per acre for various plocements of both single-strength and double-sirenglh feriilizers, 1931-87 1
BINGLE-STRENGTH FERTILIZER

Piacement of the fertilizer Wew Jerser Virginis (Enstern Shore} New York {Long Island)

Description 1932 1933 1934 1633 1994 1935 6837

g

WNo fart!lizer. bushel n2
Band 7 ioches wlde, 2 inches above zeed .
Mizad lightly with soil largely shove seed
Mixad with soil largely under seed
Band 4.6 inches wide, 1 inch under seed 133
Band 4.5 lochea wide, 2 inches under seed
Band 1 inch to sach side on geed level isa
Band 2 inches ta vach side on seed lsval
Band 2 inehes {o esch side on seed lavel -
Bang 4 inches to each side on seed lavel 158
Bsaund 2 inches fo each side 2 ipches below seed x 154
Band 2 inches to ona side on seed lavel
Local method psed in Virginis.

Fertllizor analysis 487
Fortilizer appiied per atre 2,000 | 2,000

™
O@W‘QCBU!ENIMH

i
-

ok e
n D

Band 7 inches wide, 2 inches above sped_ 197
Mixed Hehtly with sofl lergely above seed._ 134
Mixed with soll jargely under saed wa 174
Band 4.5 inches wide, 1 inch under sped 185
Bang 4.5 inches wide, 2 ioches under seed .
Band 1 ineh to each side on seed level - 2y 177
Banad 2 inches to esch side on seed lnvel 225 - 177
Band 4 inches to each side on seed lavel 185
' Band 2 inches to each side, 2 inches below seed... - 161

Local method used in Virginis R - a- 1

Fertilizer analysi . 10-kG-14 | 16=15-14 | . 12-13-1) | 12120
Fertilizer applied per gore. L, 00 1,000 . . 1,000

3?ap?fmt5nn=: 5
Siandard ereor of mean 8.4
Differsnpe reqoived for sipoificance per nere. . M3
" % {ealeniated) . 530 1. 106 .
25 {5 porcent noiat) ... At 4 e R Aok A mAm e m e .. N L2532 L v

EINGLE-STRENGTH FERTILIZER

Plocement of the fertilizer Ohio Wlichigee (Greeoviih) Michig]un (}Mnnce- Average

oo,
midwest-| Seneral

ern axper-j SVErafe .
Dmseription : J0346 1 1uRes 1#35 ments ©

2
2

o fertilizer -
Band 7 inches wide, 2 inches sbove szed
Mixed Jightly with seil Isrgely ubove seed
Mized with soi) dargely nnder seed
Infurrow whhseed oo
Bend 4.5 inches wide, 1 inch under seed___
Enod 4.5 foches widy, ¥ inches ander seed__
Band 1 inch Lo pach sido on seed level.._.
Band 2 inghes to each side on seed lovel .
Hand 4 inches to each side on seed Tavel. ... Hit)
Brad 2 inches to cach side 2 inches below seed 143

= "
ST R L TN

—

Fertilizor pnatysis nereonl. - 4634}
Fertilizer appHed, Per BOTe oo eermme e aeaPOUBGEL 1, 500 5, 500

RAPCBLIORS o o eeome s e mcma e e m—mmammam s mmm s mrrrmas PORPRPUE . 1% 111141 S
Stundard error of mean L-jercent .
Driacenen required for sighillcgnce, T 80T9. - .- Jusheds. 1. L - .
Z (ealcointed) emas . .. . — .02
Z (5 pereent point) oo L mmmmmmm—————— e smmmsammmm————————ramm—— VO . ANTE

t Ses table 1 for detuil infortation concerning each experiment.

7 Experiment located nt Bridgeton,

¥ Experimeent Jocated at Cranbury. i

: .éw?mgeg ofcompurabie itemns {or 10 castern experiments with single-strongth ferthiizer, Neow Jarsoy 1031-34, Virgtnls J032-34, New York 1934-34, and for 7 expeviments with double-stromgth fertilizer New Jersey 1931-33, Vinginias 1032-34.
ut sead pianted.

* Whaols seed plooted.

~ Averages of comparable items for {0 mid-western oxperiments with siale-strongth fertilizer, Ohlo 1931-32-33-34 * 8, Michlgan (Greenvilled, 193)-32-3d, Michipan (Muncelonn}, 1944-35.

¥ Genern! averszes of comparabls ltems comprisiog those included in the two sectivnsl avoruges, o b totel of 40 Hemes with the sioplestrengil fertilizer.

108806°—39  {Fucep. 34}
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The final stand results with double-strength fertilizers in table 4 cor-
respond closely with those obtained with single-strength mixtures.
The total yield of potatoes from the two types of fertilizer are di-
rectly compared in fizure 19. Five of the placements have been se-
lected for comparison but these give a sufficient idea of the general
relationship that exists. It is obvious from a consideration of the five
eomparisons in figure 19 that the trend of results with single-strength
and double-strength fertilizer was the same. Similar trends can be
obtained from comparisons of the yields of primes in table 6.

HILL PLACEMENT OF FERTILIZER

As in the general study of methods for applying fertilizer to the
potato crop, the hill-placement study was altered from time to time as
the need for information on new treatments arose and the advisability
of discontinuing other treatments became apparent. However, a

Placement of fertilizer

M i X d Wi1 h 5 oii un d er sse d '-'IIIIIIIIIJIIIIIIIIIIIJIIIIIIIII'I e e e AT AL

Band 4.5inches wide
linch under seed

4 Single-strength fertilizer

“-Oouble-strength fertilizer

Band 2 me h Bs & ﬂch s de AT T T FRT LT T ETE TE TS LA TS ESTLL T ELEL TS IS ST TLEEE L TELESFE L FEES ST
i B B [N - ] .

on seed level

Band 4 ";c?:s ie ach side T A LTT LTSI E TS IS FEL LS TS S IIIIIlI.'IIIIIl{llll_lllllllllll‘_'llla
on SEe Ve - - .

Band 2inches each side
2 nches below,

PFLIILEEESET IS IS EETTLTS llllllllllll_'ll AR EEL TS EELTEETEETIS

&) 50 [xle) 150 200 250
Total yield (bushels per acre)

Ficugre 19.—Average total yield of potatoes for both single-strength and double-
strength fertilizers in the following experiments—Maine, 1932-34; New Jersey,
1931-33; Virginia, 1932-34 and Michigan (Greenville), 1931. The numbers of
the different fertilizer placements are given for convenience in referring to the
eorresponding sketches in figure 5.

control treatment—{fertilizer in a continuous band each side of the row
at seed level —was used in every experiment.

When the same amount of fertilizer per sere was applied in each
series of hill placements the amount of fertilizer concentrated in each
square inch of the band varied inversely with the length of band. For
example, the amount of fertilizer per square inch of the 5-inch band
shown in figure 6 is roughly three times that of the continuous bands
thus the plant roots which penetrate the fertilizer band or the closely
surrounding soil probably encounter s similar diflerence in salt con-
centration.

The broken-band studies Involving different rates of fertilizer ap-
plication were all conducted on potato fields which may be regorded
as better than average in state of fertility. The treatments were not
loented on the same plots during successive seasons. 1t is recognized
that in a study involving different rates of fertilizer application con-
sideration should be given to cumulative residual eflects, which may
also apply to n study of broken-band distribution.

EMERGENCE 0OF SI'ROUTS

The emergence of potato sprouts above ground as related to hill
placement is given in table 7. These figures represent a similar ratio
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of plants above ground to the calculated perfect stand that was used
in previous discussions of emergence. By comparing the continuous-
band applications with the corresponding brolen-band applications it
will be noticed that the emergence was {requently g little slower with
continuous than with broken bands. Such a difference is shown in
figure 20. In Michigan the reverse seemed to hold when the total
fertilizer applied was 500 pounds or Jess per acre. For the purpose of
making general comparisons between broken, and continuous-band
applications of fertilizer, the average percentage of emergence for the

TGTRE 20.—Rapidity of euergence and early growth of Irisk Cobbler potatoes
planted on Sussafras sandy loam at Onley, Va., Mareh 14 and photographed
May 1, 1935, for continuous- gnd broken-band fertilizer applications as follows:
{a) 2,000 pounds per gere, continuous bands, 2 inches to euch side on seed level;
{b) 2,080 pounds per acre, 5-inch bands abeach hill, 2 inches to ench side on seed
level; (e 1,500 pounds per acre, 18-ineh bands a4 each hill, 2 inches to each side
on sced level; {dy 2,000 pounds per ecre, 10-ineh bunds at cach hill, 2 inches to
caelt side un seed Jovel,

two types of applications may be compared. These average percent-
ages are as follows; Seven eastern experiments, 75 broken bands, 71
continuous bands; three midwestern experiments, 74 broken bands, 68
continucus bands. The averages for the eastern experiments include
results from broken bands of alength one-third of the seed spacing used
in Virginia and New York and one-baif the seed spacing used in New
Jersey. The averages for the midwestern experiments include ouly
bands one-half seed spacing.  The results for only the Lighest rate of
application were considered in each experiment.  Amoug the broken-
band methods themselves there is no definite indication that emerg-
ence was nereased or retarded as o result of using any particulur length
of fertilizer bund.




"Tavue 7.—Emergence and ﬁnal sland counts of plants for different hill placements of fer tzlzzcr Jor polatoos in various States, 1935--37 given th
percentage of a perfect stand
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percentage of a perfect stand—Continued

FINAL STAND

Virginia

TABLE 7.—EBEmergence and final stand counts of plants for different hill placements of fertilizer for potaloes in various States, 193537 given in

New Jersey

New York

Michigan
(Greenville)

Michigan
Man-
celona)

Fertilizer per acre

Bands at hill, length 14 of seed-spnciug... N

Bands at hill, length 15 of séed spacing

Bands at hill, length 33 of seed spacing. ..

Bands continuous along the row . ..
Fertilizer per acre.
Bands at hill, length 35 of seed spacing.

Bands at hill, length 1 of seed spacing ... .. ..

Bands at, hill, length 35 of seed spacing.

Bauds continuous along the row
Fertilizer peracre..... .. ..cceeeeveu.. -

Bands at hill, length 14 of seed spacing.

Bands at hill, length 5 of seed spacing.

Bands at hill, length 34 of seed spacing

Bands continuous along the row.,
Feriiiizer per acre

Bandsat hill, iengih 14 of seed spacing.... |

Bands continuous along the row.._._... ..
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Seed spacing e -
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FINAL BTAND

The final-stand figures representing a ratio with the estimated the-
oretical stand are also given in table 7. These results indicate & rather
uniform effect on final stand from all placements from year to year,
similar to those discussed previously in this bulletin under fertilizer-
placement methods. The data in tabie 7 present no evidence to show
that the concentration of fertilizer attained by broken-band distribu-
tion, at the different rates used, had appreciable effect on the final
stand of plants. Aside from a slight indication of a genersl increase
in the rate of emergence with the hill-placement method, the final-
stand results are similar to the emergence data.

PLANT GROWTH

Observations on the growth response to hill placement of fertilizer
{ailed to show any distinet differences in growth of vines, except
eccasionally where the total amount of Jertilizer applied per acre wus
less than that applied in continuous bands. In these instances the
continuons- as well as the broken-band applications usually produced
less vine growth.

Periodic root examinations were mide on selected lills in the man-
ner already described. These root examinations failed to reveal any
noticeshle indications of root injury from the hroken-band method ot
any of the rates used, In Virginia and on Long Island especially,
Leolthy roots were uncovered near and even penetrating the concen-
trated layer of fertilizer. Typical root developments with 5- and
10-inch bands of fertilizer are shown in fizure 21. The method used

in the field lor uncovering soil from the reats prevented definite deter-
mination of root distribution and type of growth but as far as could
be determined by observation the ronts neither concentrated around
the fertilizer layer nor exbibited excessive branching in this zone.

YIELDS OF IRIMES

The vields of prime potatoes (U 8. No. 1) graded for size only are
given in table 8 together with statistical information pertaining to the
experilnents. It will be noted from the calculated Z value that the
S-percent point was excecded in all cases except one. [t will also be
noted that the standard error runged from 6.5 to about 3.0 percent.
These two statistical criteria for all but one ol the experiments indi-
cate o very satisfactory trentment respouse obtuined under reliable
conditions.
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Figvun 2. Potato root development with 5-8-7 fertilizer ot 2,000 pounds per
acre placed 2 inches to cach side of the seed piece, In Bridgebampton silt lown
al Water Mill, N. Y, 1935, Seed planted April 8, photagraphed June 12,
Fertilizer placed i shorl bunds: o0 87 inehes loug: 3, 10 inebes long,




TanLg 8.— Yields of potatves per acre for different hill placements of fertilizer in various States, 1935-37

YIELD OF PHIME POTATOES

SOOI [

New York
{Long Island)

Michigan Michigan

New Jersey (Gireonville) | - (Mancelonn)

Ttem ? Virginin (Eastorn Shore

Daseription W3H 1900 1937 1935 1036 1935 1036 1935 1936 1936 1037

Fertilizer analysis . U R _.. .pereent G-t-5 ] 0-0-5 | 6-6-5 [ 4-8-5 | 4-8-5 | 4-8-7 [ 4-8-7 [ 4-10-6 | 4-12-8 | 4-12-8 ; 4-12-8 4-12-8
Seed spucing. o . Lo o .. ... inches 15 18 15 14 15 12 14 12 16 1 16 16

Fertilizer peracre. . . . —v-opounds 12,000 2,000 1 2,000 8,000 ) 2,000 1 1,500
‘Banils at hill, lcn;,th by of seed spac in;. .. _ ... .bushals A8 4 138 140 80 [emeen-m v
Bands at mu length ba of seed spacing, . lo .. e PO (R 302 [. 311
Bands nLhm lengih 34 of seed spacing RREERI { [ 2N 311 165 225 e aa] - R
Bands continugous along therow. ... . el .. 5 226 71 R 11 3 SR 2482

Fertilizer per acre, cun i . .. . pmmd\ RS 7 17 750 7 1, 750 7 1, 250
Bandsat hill, ]ougth g gpacing .. bushels. 7 2 27 . .
Bandsat Inll length ¥4 of s od spaeing, e doe
Bandsat hm fenpth 35 of seed spacing: . - .-do . I A
Nands conlimmus nlong tho row. e . sdo el 3 ) s 338

Fertilizer per 2¢re . oL pounds [ 1 1500 11,000
Bands at. hill, lon;.th nl‘svv(l <|m(\lm. . . hushels P 1 GE 2 [V .

Rands at hm length }4 of seed gpaeing . BRI [0 .- .. .
Bans at hilt, fength 25 of seed spaeing . it}
Bands continuous slong the row o . do
Fertilizer per nere . o ponnds
Bands st hill, l('m.th 1y of seed spacing . bushels
Bands continuous ulnng the row . S sode

Replications .. | munber

Standard error of mean R pereent

Differenee required for siunmonnc(‘, per acre . rbushels l') 6

Z {ealeulited) F A PRI R P 1y A

715 porrentpmm\ ER e e M A4t d .dml . . 27 L3570

SHOLVIOL HO4 INIWIOVIA ¥IZIIILEdL

1 Munds nr fertitizer were pl.x(‘cd 2 mchv\ to mch side of and level w th the seed piece. -See figure & for detal dvsm iption of rvrmizcl plmuumnt&




Tasue 8.~ Yields of potatoes per acre for d.fferent hill placements of fertilizer in various Stales, 1935-37—Continued

TOTAL YIELDS INCLUDING PRIMES, SECONDS, AND CULLS

New York
(Long Island)

Michigan Michiga

New Jorsey (Greenville) (Mancelona)

Ttem Virginia (Eastern Shore)

Ohio,
1936

Description 1935 1936 1037 1935 1936 1936 1836 1936 1936 1937

Fertilizer analysis . ..o oo oo cpereent. | 6-6~5 | 6-0-5 | 6-6-5 | 4-8-5 | 4-8-5 8- 4-8-7 4-12-8 | 4-12-8 | 4-12-8 | 4-12-8
i Seed SPACINE. .2 . vemniamena e Ciwi e--.._._.inches 15 15 15 14 15 2 14 16 16

Fertilizer Por 86Te. ... .. i e e vevaie e a o PGUNS. 2,000 | 2000 . 2,000 | 2,000 2,000

Bands at hill, length y4-of seed spacing . - ..bushels. 39 199 215 R

Bands at hill, length 16 of seed spacing. ... . R [ IOV IO 1690 262
Bands at hill, length 34 of seed spacing. . ... .. PR [\ SO 357 2 [ P [N I
Bands continuous slong the row....veeana.. .- N T, N 345 2 268

Fertilizer per 8Cr¢. ooovocacne oo vaniai e o . ooopoundss | 1,750 7 7 7 . 1,750
Bands at hil, length 14 of seed spacing, .. . ............bushels. 336 96 204 2 (] m——
Bands at hill, length 15 of seed spacing.. . ...... ... ..._..do.. | .. 252
Bands at hill, lenpth 34 of seed spacing. I do.... 332
Bands continuous along therow. ... _ .. . [

Fortilizor peraere. cvomu el v vnrnnnn s ass 1, 500
Bands at hill, length 14 of seed spacing. . . . 319
Bands at hill, length 36 of seed spacing.. . PUUUTURRSU [ SN A
Bands at hill, length 34 of seed spacing . . R |+ S 319

. Bands coutinuous along the row.. ... . do.. .. 314

Fertilizer per dere e -
Bands at hill, length 34 of seed spacin S hushels
Bands continuousalongtherow....... .. .. . _ ... ..do.. .
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The results in table 8, for convenience of diseussion, may be divided
into two parts concerning (1) comparisons of broken-band and con-
tinuous-band methods using the same amount of fertilizer per scre,
and (2) comparisons of broken bands at reduced rates with con-
tinuous bands at higher rates. Comparisons indicated under (1) may
be made to determine whether a more efficient use of the fertilizer
was possible, simply by concentrating the fertilizer at each hill as in
broken-band epplication. Comparisons indicated under (2) may be
made to determine whether normal yield could be obtained by using
broken-band application when the fertilizer rate was reduced. In
the first instance efficiency may be measured by inereased yields per
acre, in the second by decreased cost through reduction in the amount
of fertilizer applied.

The rates of fertilizer application shown in table 8 were nof the
same 2t all locations. The highest rates given in the table may be
regarded as normal for the experiments, hence the lower rates would
be relatively subnormal.

In general, the yields from the different types of broken bands, at
both the wormal and subnormal rates of application, showed very
few increases over continucus bands at corresponding rates of fer-
tilizer application. None of these inereases was significant. In most
cases, particularly in the eastern experiments, decreases in yields were
obtained from broken bands especially at the two higher rates of
gpplication. Four of these decreases were significant.

Because of the higher rates of fertilizer usually applied in these
sestions, the data for Virginia and Long Island in table 8 have special
significance when comparisons are made as indicated -inder (2} above.
In these experiments, subnormal rates of fertilizer . 1,500 and also
at 1,750 pounds per acre applied in broken bands raviier consistently
lowered the yields as compared with the normal rate of 2,000 pounds
per acre in continuous bands. However there were some exceptions,
especially on Long Island where in a few instances an increase in
fertilizer efficiency was indicated through the use of broken bands at
lower rates (14).

In Ohie, broken-band applications at the relatively subnormal rates
appear to have given increascs over the continuous-band application
at the normal rate of 1,500 pounds. However in considering these
results attention is called to the e:\'celptionally dry conditions in the
vicinity of the experiment (see rainfall data, table 2) which markedl
affected the yields. Furthermore, it should be noted that the cal-
culated Z value for this experiment did not exceed the 5-percent point.

"In Michigan, broken-band applications at relatively subnormal
rates gave consistent decreases in yields as compared to the normal
rate of 700 pounds per acre in continuous bands. In all but two
instances these decreases were significant.

In general, the results given in table 8 indicate that hill placement
of fertilizer or broken-band application have not provided a more
efficient use of the fertilizer by the potato crop. Within the ranges
used in the present study, apparently it is the total amount of ferti-
lizer applied rather than increassed concentration at each hill, as
accomplished with broken bands, that is important with this crop.
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TOTAL YIELDS

The total yields of potatoes given in table 8 including the results
from 2 years’ work in New Jersey present the same picture as the
corresponding yields of primes previously discussed. Concentration
of the fertilizer in short bands beside the seed piece did not signifi-
cantly increase yields over continuous bands used at the same or
lower tates per acre. The total amount of fertilizer applied rather
than its concentration beside the seed piece has apparently a greater
influence on the yield of potatoes, which is shown graphically in
figure 22,

Average yields for seven experiments in the eastern section and
for five experiments in the midwestern section are given in figure 22
for the standard and a reduced rate of fertilizer application. The
standard rate in pounds per acre was 2,000 in New York, New Jersey,
and Virginia, 1,500 in Obio, and 700 in Michigan, The reduced rate
was 1,500 in New York, New Jersey, and Virginia, 1,000 in Ohio,
and 400 in Michigan. Hill placement of fertilizer as given in figure
22 consists of short bands at each hill the Iength of which was one-

Fertilizer appiication EASTERN EXPERIMENTS

Standar d llI.fIIIlIlIIIIIIIIIl.l{.rIIIIIIIll.rIIIIIIIIIIIIIIIIII‘IIIIIIA

B and

MIDWESTERN EXPERIMENTS

Standard EALTELT AT TEISEILSTLT TS T TLETETIL B FELLTETTEE L LT E LTS

Reduced 'IIIIIIIIIIIIIIIIIIIIIIIIII’II’IIIIIIIIIII’I:’II}

) 50 loo 150 200 250 300
Total yield (bushels per acre)}

Ficuvue 22.—Averages of total yields of potatoes for hoth hill placement and
continupus-hand placement of ‘single-strength fertilizer applicd at each side of
the row at the standard and a reduced rate of application.

third of the seed spacing in the New York and Virginia experiments
and one-half of the seed spacingin the New Jersey, Ohio, and Michigan
experiments, Averaging the results for short fersilizer bands differing
slightly in length permits the use of a Inrger number of items an
seenus Justifiable because a length of band either one-third or one-half
of the seed spacing coustitutes distinctively hill placement of the
fertilizer.
DISCUSSION

The results of the field experiments definitely indicate that ferti-
lizer should be sccurately placed in the soil with respect to the seed
plece to be of greatest benefit to the potato crop. Changing the
position of the fertilizer only 2 inches in some instances either de-
creased or increased the potato yields appreciably. The diversity of
soil, climatie, and cultural conditions under which this work was
conducted adds considerably to the fundamental importance of the
definite trends obtained.

A relatively high concentration of fertilizer salts near the seed or in
the zone of the first sprouts, such as oceurs with placements immedi-
ntely under, above, or around the seed has certain deterrent effects
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which were revealed in the records on rapidity of emergence and later
" reflected in the yields.

A wide distribution of the fertilizer in the surface soil, such as that
accomplished with the local Virginia method and as doubtless oceurred
with the wide band above the seed especially where the ridges were
leveled by harrowing, eaused some reduction in the efficiency of the
fertilizer. This reduced efficiency probably resulted in part from the
disturbance of some of the fertilizer by cultivation. Cultivation dur-
ing the growing season can disturb roots snd fertilizer placed as
dei.f{:ribed above, transferring a portion of the plant food to the soil
surface,

It |has been previously shown in field experiments (4) that certain
sources of nitrogen, phosphoric acid, and potash which are commonly
used in complete fertilizers for potatoes differ in their effect on stand of
plants. The individual fertilizer materials were placed separately in
the furrow with the seed, the remainder of the mixture being broad-
cast. Under these conditions nitrate of soda and sulphate of ammonia
reduced the stand more than muriate of poiash while superphosphate
gave no reduction,

Placement of fertilizer in a bund at ench side of the row was found
to be more advantageous than placements above, under, or around
the seed piece. Although the general averages of yields did not differ
widely among the various side placements, a slightly greater average
yield was obtained from a fertilizer band 2 inches to each side of and
on the lower level of the sced than from the placement either at a
lateral distance of 4 inches on seed Jevel or at a lateral distance of
2 inches on g level 2 inches below that of the seed. The comparisons
available indicate that a placement 1 inch to each side was equal to
the placement 2 inches to each side, so far as the average yield is
concerned but the yields from year to year fluctuated more for the
1-inch distance. A further consideration with respect to placing
fertilizer 1 inch to the side of the seed is the possibility in farm prac-
tice that either nonalinement of the fertilizer depositor on the planter
or angling of the machine on lateral slopes as sometimes encountered
might readily cause the fertilizer to be deposited in contact with the
seed where injurious effects would result. It would seem, therefore,
that placement in & band 2 inches to each side of and on the lower
level of the seed piece which was equal to or superior to all other
placements would be preferable from the practicsl standpoint.

Placement, of fertilizer in two paralle]l bands sbout 5.5 inches spart,
that is, & band 2 inches to each side of and on the lower level of the
seed piece, can be most sccurately obtained by means of a combined
potato-planting and fertilizer-depositing machine. With the seed and
fertilizer deposifors mounted close together on the same machine,
com &rative]fy little variation in the relative placement of seed and
fertilizer occurs. Ob land sloping laterally with respect to the direc-
tion of travel, the machine slips down grade thus assuming a position
at a slight angle to the direction of travel. Inssmuch s the fertilizer
depositor is usually mounted ahead of the seed shoe any angling of
the machine changes the relative position of the seed and fertilizer.
When the machine is operated across relatively steep slopes it is
advisable to plece the fertilizer well below the lower seed level to
avoid any contact of the fertilizer and seed resulting from extreme
engling of the machine.
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Several rakes of machines are designed for epplying fertilizer only,
in @ field operation separate from that of planting the potato seed.
Some ore equipped with depositors for placing the fertilizer in two
parallel bands several inches apart. With proper adjustment of the
fertilizer depositor on these machines and later with the planter
centered midway between the fertilizer bands in the soil, the most
sdvantegeous relative placement of seed and fertilizer as mentioned
above would be obtained. Unless some unique method were devised
for insuring continuous centering of the planter on the line midway
between the fertilizer bands, it is not likely that the desired preciston
would be obtained. Bowever, the accuracy with which the seed and
fertilizer could be placed in separate operations depends to a consid-
erable extent on tEe proficiency of the operator and the degree of
aceuracy with which the machine can be controlled.

During the fertilizer-placement study the progress reports issued
from time to time and the current findings have come to the attention
of the implement manufacturers and many growers directly con-
cerned. After the trends of results became more definite the de-
positors on several makes of planters were designed to meet the fer-
tilizer-placement requirements indicated by the experiments. Also
8 large number of potato growers, particularly through the purchase
of new maehines, adopted the side-placement method of applying
{ertilizer,

Many demonstrations have been conducted on farms where the
superiority of side placement of fertilizer over locul practices has
usually been evident. In view of the diversity of conditions under
which the study was eonducted and the substantiating demonstra-
tions some of which were conducted in outlying areas, it secms likely
that practical application of the reseurch findings can be made under
similar conditions in other potuto sections.

Fertilizer has proven to be more effcetive when conceutrated in
bands near the row as compared to broadcasting. There is nlso some
indication that fertilizer placed in a band at each side of the row is
more effective at a distance of 2 inches than at 4 inches from the seed.
Further concentration of the fertilizer mass in short bands to the sices
of each hill as included in this study did not further increase the fer-
tilizer efficiency. Hill application of fertilizer involves certain con-
siderations which may be questionable from the practical standpoint.
It 1s presumed that equipment suitable for depositing the fertilizer
in short bands at each seed piece or hill would be of an intricate
character, undoubtedly more costly than continuous-band depositors,
and would require accurale adjustment as well as close attention in

the field.
SUMDMARY

Placemens of fertilizer for potatoes was studied during the period
1931~37 under various prevailing conditions in Aroostook County,
Maine; on Long Island, N. Y.; in central New Jersev; on the eastern
shore of Virginin; in northeastern Ohio; and in western Michigan.

Fertilizers of both single- and double-strength grades were applied
at the usual rates per acre and in a range of rates in some cases on
typical potato soils of ench district represented.

Crop differences resulting from differences in lertilizer placement
were usually greater in the eastern than in the nidwestern experi-
ments where the rates of fertilizer application were lower.
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Placement of the fertilizer in a band immediately under, or above,
or mixed with the soil around the seed piece usually resulted in delayed
emergence of the sprout above ground and reduction in yield.

Fertilizer placed in a band at each side of the row rather consistently
produced the most rapid emergence of sprouts, the most vigorous
plant growth, and the highest yields of primes as well as total yields.
Fertilizer placed in & band 2 inches to each side of and on the lower
level of the seed piece most consistently produced relatively high
yields the average of which either equalled or slightly exceeded the
average yields of the other side placements both nearer and farther
from the seed. This is considered the preferable placement from
the practical standpoint.

Placement of fertilizer in a band at only one side of the row gave
lower yields than & band at each side,

Single- and double-strength fertilizers supplying equivalent amounts
of plant food gave similar results both with respect to actual potato
yields and the order of yields for the various placements.

Hill placement of fertilizer in short bands at each seed yiece or hill
gave no indication of advantage over comparable placements in con-
pimﬁous bands along the row, for seed spacings ranging from 12 to 16
inches.
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