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L A Method of Economic Analysis Applied
to Nitrogen Fertilizer Rate Experiments
on Irrigated Corn’

B}" J. L. Paschal, Apgricultural Economist,
and B. L. French, Analytical Statistician,
Produciion  Economics Research  Branch,
Agriculueut Research Service

SUMMARY

Marginal economic analysis can be applied to the relationship he-
tween nilrogen [ertilizor as an inpul factor and crop yields to deter-
mine the rate of application of Tertilizer that will maximize returns from
its application. This method of analysis is supplemental to other
anelyses of experimental dala by methods specified by the designs of
agronomic experiments. This bulleiin reports on the application of a
methoed of economic anaiysis illustrated by experimental resulis from
plots designed Lo test the applicalion of nitrogen fertilizer on irrigated
corn in Oregon, Washington, and Nebraska. ~Under exisling informa-
tion, the exponential function (¥,=31— AR is o logical funetion to
represent the relatiouship for the application of a single input. This
function 1s used o ropresent the yield response curve of experimental
data.

Unless the economic implications of the most prufitable rate in
terms of the comparative relurns Lo nitrogen are obsered, the relative
importance of different rales may be overlooked. The most profilable
rate of application at which returns to nitrogen will be maximized may
be identical for two different situations but the returns Lo nitrogen may
differ greatly. The comparative retwmns to nitrogen form the primary
criberion by which one situation can be selected over the other.

Differences betwenn the most profitable rates of nitrogen application
for an estimated yield curve and its confidence limit curves may be
substantial, but the differences in the return to nitrogen are small,
The most profitable rale is located on a section of the response cirve
on which orrors of 20 Lo 40 pounds f nitrogen applied per acre will
result in relatively small differences in the return to nitrogen. If the
price—cost relationship should change so that the most profitable rate
is located nearer the zero application, where the slope of the response
curve is larger, errors of that magnitude would produce lurger differ-
euces in the retwn to nitrogen by “underapplication.”

The difference between the price of corn estimated at the time
nitrogen is applied and the actual price at harvesttime must be quite
large before the most profitable rate and fhe return to nitrogen at that
rate are changed appreciably. Errors in prediction of the price of
corn within the applicable range of the different response curves,
therefore, arc negligible. They may be offset by many other uncer-
tain factors. Yoear-to-year changes in the price of nitrogen of less
then 20 percent affect the retwn %o nitrogen only slightly.

1 Submitted for publieation July 28, 1955,
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In the few experiments for which data were available, the first-
vear resicdual nitrogen produced & yield sufficient to pay much, if not
all, of the cost of nitrogen applied, Indications are that on fields of
low fertilily the inereased erude protein (6.25 XX N} content of the corn
(grain) more than paid the cost of nilrogen applied. On such fields
the value of the incroased vield and quality of the corn stover, if
measured, might have paid for the greater part of the lertilizer applied.
The data suggest that (he most profitable rate compuled in this study
on the yield ol grain alone is venservalive, i the polential qualily
factors of grain and stover aud the yield response to residusl nitrogen
are included in the value of the produet.

Datla reviewed in (lis study suggest the need of more specific
characterization of yicld curves as a basis for economic analysis of
fertiliser-response cata.  This is especially {rue for the upper end of
the vield curve. Measurement of Lotal plant yields and of quality
[aclors are also needed (o evaluale more [ully the returns associated
with fertility and other treatments. The methodology of economic
analvsis needs to include these evaluations of response associated with
fertilizer. It should also ovaluate increased consumption of other
plant nutrients as yield is inereased.

Most of the Washington and QOregon experiments studisd were on
plots of low [ertility, with adequate water applied.  Ordinarily the
mos( proflitable rafes of nitrogen application ranged between 100 and
200 pounds per acre,  The return to nilrogen above its cost per acre
was $50 or move for a majority of the cxperitnents and above $30 for
most of them when corn was valued at $1.40 a bushel and nitrogen at
15 cents a pound. In 2 experimenis in Washington the retun to
nitrogen exceeded $100 per acre.

INTRODUCTION

How to use commereial fertilizer is a problemt that conlronts farm
operators and others who are concerned with farm production. Many
interrelated lactors are involved in developing o fertility program for
a given farm. Some of these are type of soil, kind of crop, crop rota-
tions and tillage practices, number and kind of livestock, and amount
of moisture available., Full informaiion on the preeise contribution of
cach of the factors to the final product is never available. Com-
prehiensive research on all phases ol the farm production process as a
unit is not aliempted in controlled experiments because of the cost
and complexily ol suchl research. Separate factors are studied in
delail and findings are eoordinaled in an attempt to achicve maximum
net returns for the farm.

Tse of comuncrcial fertilizers has become increasingly important
in the West. Studies have boen made to delermine yields to be
oblained [rom varying rates and melhods of application. Notable
increases in the yields of irrigatod corn have been oblained with
nitrogen fertilizers. It has been found that yields ol corn on irrigated
soils are rarcly limited by lack of phosphorus (18).* As yields of
corn can be increased with nitrogen, additional information is needed
on hiow much to use to get the most profitable response.  Experiments
by agronomists who have investigated the response ¢f corn to nitrogen
have been conducted under various controlied conditions at selected

2 Ttalic figures in parentheses refer to Literature Cited, p. 62.
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locations. Results of these experiments provide valuable data
which, together with expericnces of farmers, may be used to help
guide fertiizer programs for spocific farm situations.

Experimenial date from 3 Western States on the response of lrri-
gated corn to 3 or more rates of applied nitrogen are used in this
study? The objectives of the study are to illustrute some of the
problems involved in cconomie analysis of ferlilizer-rate experiments
and to suggest procedures that may improve the results of such
analysis, The most profitable rate of application of nitrogen for
ench experimental situntion has been estimated from the methods
used. In addition, economic implications of the results are shown,
including the effeet of underapplication or overapplication ol nitrogen,
the effect of deviations from the cstimated response curve, and the
effect of changes in the price of corn aud of nitrogen.

CHARACTER OF DATA TOR ECONOMIC INTERPRETATION

To estimate the most profitable rate of nitrogen applieatier for
specified conditions, approximation of the functional relationship
between vields of corn and nitrogen fertilizer is necessary. This
functional relationship should be based on yields obtained from four
or more rates of application al & given location in useason.  Actually,
relatively few experiments have included four or more rates. The
highest rate of nilrogen application should indicate the point at which
additionai fertilizer wowld produce little, if any, additional yield.

Essentially all nitrogen-rate experiments in the bignted sections
of the West having four or mora rates of application were considered
for this report. Some experiments were omitted because they did
not have rates that extended over o wide enough range to permit an
adequate description of the response relationship. Others were
omitted because the response patterns were indefinite and still others
because Lhey were affected by nonexperimental factors such as frost
or bird damage. Tew cxperiments have been repeated sufficiently
under similar test conditions to establish definite vesponse patterns
for specific conditions. Therefore, results of these experiments apply
only to the particular experimental site and Lo the condilions described.
The accuracy with which the results can be extended $o other fields
depends on the extent Lo which the conditions of the experiment
represent conditions in the field to be fertilized.

METHODS OF ANALYSIS
PRINCIPLES OF ECONOMIC ANALYSIS

A relationship exists between the yield of corn and the quantity of
nitrogen fertilizer applied per acre, us illustrated by the telal physical
product (TPP) curve in figure 1-A.  As more nitrogen is applied, the
additional quantity of corn produced with each successive unit of
nitrogen becomes smaller until a maximum yield is obtained. The
total cost of nitrogen—cxpressed in bushels of corn—also is shown in
figure 1-A. Return above the cost of nitrogen at any rate of applics-
tion is illustrated by the vertical distance between the total cost and

3 In this stucty, the zero rate {eheck plot} is oue of the rates of nitrogen appliea-
Lion.



http:includinglJ.le

4 TECHNICAL BULLETIN 1141, U, S. DEPT. OF AGRICULTURE

/TC

TPP

CORN (BU. /ACRE)

\\C

Xy
LB. N APPLIED PER ACRE

B.

Traore 1.—Physicul producl and eoste of corn related io applied nitrogen.

the toial product curves as, for example, in line AB. If the cost of
nitrogen is the only cost to be considered, the most profitable quantity
to apply is that quantity or rate at which the distance between the
two curves is greatest.  Line AR in figure 1-A is so drawn.

Bushels of corn associated with eact additional quantity of nitrogen
are shown in figure 1-B as the marginal physical product (FPF).
‘The marginal yield diminishes with successive units of nitrogen until
it reaches zero, as shown by peint ¢ in figure 1-B. Each successive
unit of nitrogen used costs the same as the preceding unit so the margi-
nal costs of nitrogen are coustant, as shown by line A4C in figure 1-B.
The net return o nitrogen is greatest when nitrogen is applied at that
rate at which the last unit just pays for itself in terms of the additional
corn produced by it. The most profitable rate of application ss
llustrated in figure 1-B is at point X;. At this rate of application the
total return to nitrogen is greatest, as illustrated by the shaded area
of figure 1-B. :
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Return to nitrogen as used subsequently in this report refers to the
difference between the cost of the total applicaiion of nitrogen al any
civen rate and the value of the increase in yield associated with the
oiven rate of application. It is a net value of the mcrease in yield
associated with the rate of fertilizer application, Retwn to nifrogen
is the basis for comparisons and evaluations of the experimental data
used in this report.

Economic annlysis of feriilizer-rate experiments requires an under-
standing of both the nature of the experiments and the methods used
in experimenial design and in the statistical interpretation of their
results. Experimental results must be nterpreted in such a way as
io isolate the effects of fertilizer on vield from the effects of other
factors. The functional relationships between fertilizer and yield
then can be described and used ss o basis {for ceonomie analysis.

EXPERIMENTAL DESIGNS AND FUNCTIONAL RELATION-
SHIPS

Field experiments are designed {0 compare results obtained from
different controllable factors.  The bases of comparisens are the dif-
ferences in the quantity or quality of the product obtained from varia-
tions in methods of applying fertilizer and rates of application, methods
of applying wuater or the quantity of water applied, the timing of
water application, and so on. Studies of more Lhan one of these
factors within the same experiment often are combined for economy.
Each. of the controlled factors included in the experiment, ns well as
uncontrolled sources of variation, influence Lthe results.  Experiments
must be designed snd analyzed in such a way that significant differ-
encrlzs resulting from each of the controlled factors can be isolated for
analysis.

Fc}n‘ one such design, equation (1) expresses the relationships between
yield response and factors, the effects of which are to be appraised:

(l) irf.?z-‘-‘_g_ﬁf"f_fj"{—fﬂl i=1: 2, 3, 4 j:], 2,0y 12

in which g is the mean effect, 8; is the ith block effect, 7, is the jth
level of nitrogen cffect, and ey is the random plot error. The effects
of each of these factors may be identified and tested for the realily of
a difference between the means of the levels of nitrogen, and between
the means of different replications. Diflerences between the yields
of individual plots can be related to the levels of nitrogen application,
excluding or removing random variation bhetween piots.

The quantity of nitrogen applied to ehiain an increase in yield that
can be specifically attributed to fertilizer is determined by the test of
least significant difference (LSD).*  Ii the increased yield between two
successive treatments is greater than the least significant difference,
the increase in yield hetween treatmenis s considered to be grester
than could have occurred by chance. The value for the increase in
yield is then computed and coropared with the cost of the added ferti-
lizer to determine the profitability of that pacticular rate of application.

1 L8 D =15 37, in which ¢, is Student’s ¢ at e probability level, s is the squarc
root of Lhe error ‘mean square from the analysis of veriance, and # is {he number of
replications.
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"Phis method is Qlustrated with data from a 1Z-rale experiment.
The treatment mean yields are shown in table 1. The anslysis of
variance for this experiment is:

Source of variation Lregrees of frecdom Suma of sqienres AMean squarex

Replieations. .. .. .. . 3 945, 29 315, 10
Fertilizers. .. .. - . - 17 30, 622 42 2, 783. 85
33 2,191 95 66, 66

&7 33,767 67
On the average, the varation belween the treatment means and the
overail mean is greater than the variation of the treatment plols
about each {realment mean.

The least sigoificant difference with a probability of 0.05 1s 11.78
bushiels. In comparing the least significant difference with the
changes in vields, it will be seen that a significant inerease is obtained
between applications of 80 and 106 pounds of nilrogen per acre, as
the increase in yield is greater than 11,78 busbiels which might have
oveurred by chance.  Any inerease in yield {rom the application of
more than 160 pounds of nitrogen per acre might be attributed to
differences in the soil between plots, uneven operation of fertilizer
spreader, and so on.

An inereased vield of 14.2 bushels of corn was obtained by adding
20 pounds of nitrogen to the 80-pound rate. At $1.40 per bushel,
ihis extra corn s worth $19.88, whereas a{ $0.15 a pound, the added 29
pounds of nitrogen cosls §3. Thus, the increased yield will more
than pay for the additional 20 pounds of nitrogen,

A continuous relationship between the trealment mean yields and
the quantily of nitrogen applicd may be a funclion of the form

(2) Y e M — ARY S

in which ¥, is the mean yield for Lhe jih trealment, Af is the maxi-
mum vield which s approached as the quantity of fertilizer is in-
creased, 4 s the increased vield which theorelically might be possible
belween the yield at no application of {ertilizer and the maximum
altainable vield, # is the ratio between successive increments in the
vield for uniform increments in guantity of fertilizer applied, and X;
15 the quantity of fertilizer applied to Lhe jth reatment measured in
units that are multiples of g pounds. This relationship between the
treaiment mean vields and the units of fertilizer applied 1s supple-
mental to equation (1) rather than a substitute for it.

Varviation in vields atiributed to treatment is further subdivided
into that explained by the Tunelional relationship and Lhe deviations
from Lbe funclionai relationship.  This procedure is equivalent to that
used in tesis of the linear, quadralic, or cubie effects in the treatments
for Inctorial experimental designs.  The complete analysis of variance
15 DOowW:

o Legrees of ]
Sgurce of variation Srecitnm Suris of squares Ifean spuarey

Replications_ ... ... 3 445, 29 315. 10
Feriitivevs. . _....... 11 30, 622, 42 2,783, 85
Due Lo regression. 29, 567, 41 14,783. 71
Deviations about
regression .. 9 1, 063. 53
Error it

Tolul_. ... .._. @7 33, TU7. 67

b A discussion of the ehoiee of bhe function is presented in o later seetion.
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By comparing the mean squares fop thal part of the variation that
is due fo regression with the pact that arises from deviations sbout
regression of the fertilizer treatments, or the error mean square, we
find that the regression or functionsl relationship is very significant,
Approximately 88 percent of the total variation—measured by the
ratio of the sums of squares that are due to regression o the total
sums of squares—is explained by relating the treatment mean vields
to nitrogen.

The maximum return from applying fertilizer can be determined hy
equating the value of the inerements in yield with the value of the
increments in fertilizer as

(3} (AP, ={aX)P,

in which AY is the yield increment, AX is the fertilizer ineremen t,
Py is the value of the product per unit, and P is the cost of ¢ pounds
of fertilizer. In table 1 the fertilizer mnerement, AX, is 20 pounds,
and the yield increment, AY, is the yield oblained with each successive
unit of nitrogen. With corn at $1.40 per bushel and nitrogen at 83
for 20 pounds, the valuc of the vield increment exceeds the cost of the
fertilizer increment for each unit up to and ineluding the sixth, and it
would pay to apply at least G units, or 12¢ pounds of {evtilizer., The
value of the corn produced by the sixth vnit is $11.62.

TaBLE 1 —Tncremenial costs of and returns to nitrogen an irrigated
corn, erperyment 10, Ondario, Oreg., 10581

i v el £ 37 fehnge i .(_/_},'I'l."', Ovnbue (AN Py {oost
Wilrapen applicd por nere (n}m.mb ."_" ¢ A il Y '," af ehonge i of aeldegt
‘ peraerey  vield poracre, : Yivkl} { fortilizer)

CTnits Pounds { Rushely Bushels  ° boliarg ! Dagilars
B e oL : GH G o
el 44 G0, -, 258 . 36,12 6. GO
T 80 1i8. 2 27.8 ¢ 38 92 6. 00
- S 100 132, 4; L2 10.88 ¢ 3. G0
R 120 1407 1 83 1162 . 300
T e 140 343,04 .3 .42 3. Q0
L S M r ] P45, 8 H 5.8 & 12 3. 00
L 180 41,2 =567 —7.84; 3. 00
L L 200 1471 5.9 826 3. 00
- 2440 145. 8 | —-L3: —1.82: &, 00
4 .. 280 1474 - L& 3224 6, 0
6. .. ... . . ..._. 324 3.6 ; —-3.8 -5 32 6. 00
i :

''Carn is valued af $1.40 per bushel and nilrogen at 15 venls a pouni, or $3
for 20 pounds.

The exponential function implies that any increase in fertilizer
however small, produces an increase in yield.” If the most profitable
application is estimated by the fitted fanetion, it is found to be 172
pounds of nitrogen. If the increascs in nitrogen application are
stopped at 100 pounds (estimated by the least significant difference
method from reported yields) the maximum return may pot be at-
tained. An additional 72 pounds of fortilizer may be applied, each of
which can be expected to produce an additional return thab exceeds
the additional cost., -

360808° 50—
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FORM OF THE FUNCTIONAL RELATIONSHIP

The functional relationship used in this analysis to cstimate yield
response of corn to nitrogen ferlilizer is expressed by the exponential
form:

4) P M— AR

A

in which ¥, is the vield of corn at the jth rate of fortilizer application,
M is the maximum yield that ma, be obtained by the addition of nitro-
gen fertilizer, #1 ds the increase in yield attyibufable to uilrogen fer-
tilizer, and X, is the quantity of fertilizer applicd at the jth rate of
application. This form of the wield function is aliribuled to Spillman
(17).  Afitscherlich (773 developed a function equivalent to that of
Spillman.  The values of A7, A, and I ave constant for a given oxXper-
ment.,  However, they vary helween experimenis becsuse of different
levels of other plant nutrients availabie, plant popuiations, level of
soil fertility, temperature, soil condition, and mauy other factors.

The exponentinl form of the funetion is consistent with the principle
of diminishing increments. As additional unils of npitrogen are
applied, the yields of corn inerease at a diminishing rate. However,
the ratio of cach vicld increment. to the preceding yield nerement, i,
is constant for all inerements of a particular experimental funclion,
The use of (s Tunction is consistont with existing experimental
evidence.

There are some limitalions in using the exponential funetion Lo
charncterize the yield response 1o fertilizer.  This funclion does not
provide for deerements. The Tevel at which this function may he
innecurate, however, gensrally involves rates ol spplicalion bevand
the range that is cconomicaliy feasible.  Although the mathemalical
least-squares method of ¢stimating the constants for the exponctitial
funetion provides standard crrs of cach conslant, {he sampling
distribufions of the constants have not heen discovered (18).  Never-
tholess, the standard errors make it possible to pvnlunte thess con-
stants in terms of the variability of the experimental data.

Analvsts have used several other funetions to reflect the relalion-
ships hetween responses lo fertitizers (4, 7). Precise selectian of any
specilic mathemnticai function to express the relationship of plant
arowth Lo an inpul Jacter depends on detailed experimental evidence.
TUniil such evidenee i available, the chaice of the function s soniewhat
arbitrary. ‘The exponential funclion is considered adequate for the
data in this report?

COMPUTATIONAL PROCEDURE FOR EXPONENTIAL
FUNCTIONS

Procedures developed by Spillman (17), which were used in earlier
studics (6, pp. 8~15; 12, pp. 8-11), provide lcast-squares estimates
¢ One that closely approximates the exponential function over the range of most
of Uhe experimental data available is the guadratic square roo$ }e',-=u,+£uX;+
I ' NG, in which ﬁ, is the vield that resuits from the 51l rate of fertilizer applica-
tion and X, is the quanlity of fertilizer applicd at the FUh rate. The ters a, by,

and by are constunts obtained in a multiple regression analysis.  The quadratic
square-roob [unction is of the polynamial form of the second degroe with the

inputs, X, transformed to Hie sguaere roob of the inpus, VX, An advantope of
fhis funetion is that it provides for deerements to the bigher rates of application.
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of the constants in the exponential equation, ¥,=M-—ARY%. How-
ever, estimates cannot be made of the standard errors of the constants.
To overcome this limitalion, & procedure is available for a least-
squares solution which provides estimates of the standard errors (/8).
The computations are straightforward, though tedious. They re-
quire an initial estimate of 2, the ratio between successive increments
of yield response. Equations (o be solved {or A7, 4, and AsR, when
8[t 1s the correction 1o be made in the trial R, are

WA R AR X 25 =3,
i=1 =1 =i
() < MR AN ARSI R =R,
= =1 = =
A AN ST A R A RSN, R SO X Y
i=t j=1 =1 =1

W

in wlich n is the number of treatment means, ¥, is the mean yield for
the jth treatment, X; is the number of ¢g-pound units of fertilizer
applied to the jth {reatment, and j=1 . . . . is the summation over
the n values of Xy or ¥, The solution of these simultaneous equations
may follow such mothods as the Doolittle or abbreviated Doolittle.
The eguations in matrix form are:

(6) B.{=G; wilh

n . k1) ™
(= SR ShX, RN
3=1 =1
Be| SORY S SO REFP
=1 =1 =
E":A,JRL\',-—-U iA—JR;z.r,-—n ingitf.\’j-i’}
= =1 s J
| = 3
AL =7,
=
=14 | andG= JT_Z}I?.A_"I",
ASR X, REIY
=1 7

By inverting the matrix B to provide B~} and mulitiplying both sides
of (8) by the inverse, we have

0 (=BG,

when

D][ D]:’ Di:!
B"1=D:= DJE Dgg Dzs

Dy Dy D
and
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v 2, \, B r X0

j‘{—_—D“ E 1:} 1+D12 E lrIr'B Y}'}'Dm E I;A jR Yj
i= Jj= j=

&) { A':D1E;ZI}-VJ"!'DM:;IRXEYJ‘I'DHLZ}-X;R[“-:"'13}_7‘{

AR =D13i}-’j+pzaiifgx"yj+ Dgsi;v‘f,f? m—’_”Y_f.
. j=i j= =1

The adjusted B'=35R-+R is used ns 2 second estimated £ and the
computations are repeated, cach time using the new eslimated R
unlil the value of §F is approximately cqual to zero.  Computational
procedures Tor inverling the matrix are provided in several references
(1, 9.

The sums of the squares of the deviations from the fitted regression
curve

(9) 2@y

. . . A .
are computed by determining the predicted yield, Y, for cach applied
treatment and sguaring the deviations from the experimental yicld.

kil M
The estimated residusl variance is =2 (¥,—Y 3%/(n-3) in which
J=1

(n-3) is the number of degrees of Ireedom for the exponential curve.
The estimated vaviance of the constants are:

(10) §3=8"Dp; §5=5"D; s7=5Y(D5/A%).

By assuming that the sampling distributions of the constants are
normally distributed about thewr population velue and using the
upper and lower confidence Jimits of the constants, we might determine
an upper and lower limit curve as lollows:

( ) frm Z(ﬂf*—“tuf-a, ::—:i)+ (A+ St r.r.—3) (R —8gte, n-—ﬂ)x
11

ff{ﬁ} =(ﬂ;r+ s.-!ffa. n-—&)'i" (‘-Ij-_szliu, 7:—3) (j?_i_ s!?!u, n—-S)X

in which @ js thoe Jower limit function and 1™ is the upper limit
function. These limit curves represent the limits within which we
have o« confidence that the population or “true” curve under the
conditions of the experiment will be included. For Lhe study reported
here, the value of « is taken to be 0.67.

The variance of the predicted yield for any unit value of fertilizer
mpub 1s

(19) &b _ =Dy +X R Dyt R Dert
SXRED A 2RY D+ 2X BTV Dyl
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The initial estimate for B may be obtained in various ways, Stevens
{18) gives the formula

"

(13) | j AR L ST

mm which ¥, Is the response to the zero application, ¥ to the first rate,
Y, to thelast rate, and ¥,y to the next to the last rate applied. Use
of this formula requires thal the number of g units of fertilizer between
the zero rate and the first rate be equal {o the number between the last
rate and thenext to the last rate.  Usually a closer estimate for B for
initial computations has been obtained by the graphic method of esti-
mation cullined by Ihach and Mendum (6). W®ewer iterations are re-
quired to ob:lain the best fit when the initial estimste of R is closer to
the least-squares estimate.

In analyzing the experimental data reported here, both the mathe-
matical method and the graphic method of least-squares estimadion of
the constants arc used. The decision as to whieh should be used on the
different experiments was somewha$ arbitrary. In general, mathe-
matical methods of estiznation were obtained for all experiments with
rates adequate to characterize the response eurves.

ANALYSIS OF TREATMENTS OTHER THAN NITROGEN

Many factors other than fertitizers aflect the yield of erops. They
include spacing, application of moisture, level of moisture, placement
of fertilizer, type of material carrying fertilizer nutrients, and others.
The methods of analvzing the effeets of these foctors differ. A func-
tional relationship bebween input factors and the product can be ex-
pressed, H the input factor can he quantified in specific Levms.  For
example

{14) Y=f(X1, Xz)

in which ¥ is the yield, X, is nitrogen fertilizer, X3 is the quantity of
water applied, and f(. . . .} denotes some functional relationship.

However, {ew inpot factdrs can be quantified so specifically. The
quantity of water applied (both in the form of irrigation and i rain-
fall) can be measured, but other coaditions, such as the time and
method of applicotion, may have as much effect on yield as the total
guantity, Two treatments in which the same guantity of water is
applied in the same number of applications, but at diffcrent dates,
may produce different yields. On the other hand, two treatments i
which twice the quantity of water is applied in one as in the other may
produce nearly the same yield if the smaller quantity is applied at
critical periods (14, p. 23).

The best, and most valid, comparisons of such nonguantifisble fac-
tors may be the offect of these factors on the response to fertilizer (3).
The curves may approach the same maximum, but one factor may
cause Gise yield to approach the maximum at & lower rate of fertilizer
input than another.
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In some experiments, tests of hypotheses ou tlined by the experi-
mental design resulted in no significant differences between treatments
other than nitrogen fertilizer. The test of significance determines
whether or not the differences between treatmen(s are greater than the
differcnces within trestments. Even though the test reveals no greater
difference between treatments then within treatments, it cannot be
concluded that there are, in fact, no substantial differences belween
treatments. The analysis of varisnce test of a hypothesis minimizes
the possibility of indicating a difference between treatments when no
real difference exists. However, tlis test may fail to measure differ-
ences that do exist. Therefore, merely not rejecting s hypothesis of
no dilforence between levels of other treatments, sucl as phosphorus,
does not permit pooling of data for all levels when estimating the
nitrogen response curve, 1t is known, a priori, that there is a differ-
ence, for example, between plots receiving 1o phosphate and plots
receiving 100 pounds of phosphate. Thercfore, the nitrogen response
curve for each nonnitrogen trertment has been snalyzed independently
and the comparisons have been made between the maximum relurns
to nitrogen for each response curve.

LIMITATIONS OF COST AND BENEFIT CALCULATIONS

When fertilizer is used, costs ave increased by more than just the
cost of the fertilizer. The cost of applying [ertilizer is not directly
related to the quantity used. It decreases per pound applied in other
than o direct relstion. Fowever, these differences are so small that
for purposes of analysis the cost per pound of nitrogen is computed to
include the avernge cost of application.

Costs of harvesting the product on & per acre hasis—the unit for
which the vicld of corn is measured—are not mereased in direct pro-
portion to the inercase in yield. As yields increase, harvesting costs
per acre also inerease for items such as lahor, fuel, and eguipment use.
The effect, however, is to reduce the average per unib cost for all units
harvested. Marginal costs of harvesting incurred with increases in
vields may be relatively small and difficult to estimate, In the study
reported here, corn is valued at an assumed market price minus a flat
charge per bushel for harvesting.

Additional use of other plant nutrients, such as POy, XK,0, and water,
may be an added cost of the higher yields obtained by using different
rates of nitrogen. In most experiments reported here, data are not
available to evaluabe this increased use of the other elements.

The incresse of crude protein in corn grain obtained by nitrogen
fertilizer may be considered in terms of higher feeding values s 2
product of the application of nilrogen, This response is 6 potential
henefit which was not fully evaluated in the analysis reported here.

3till another benefit of nilrogen fertilizer that was not reported for
these experiments is the yield and qualify of corn stover, that is,
stalks and leaves without the grain.  The yield response to the residual
nitrogen in suceessive years after the intial appheation is & product of
the application of nitrogen, but data [rom only & relatively few experi-
ments are available for cvaluating these residual effects. The value
of hoth general soil improvement and erosion conbrol as a result of
increased production of organic matter and 1ts return to the soil needs
to be considered, bub experimental data with which evaluations could
be made wers not recorded for the experiments studied.
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EXPERIMENTS STUDIED
LOCATION

Thirtcen experiments on the application of pitrogen to irrigated
corn were conducted in cast-central Oregon. Four of these were at
the Malheur Experiment Station at Ontatio, Oreg., and nine were on
farms in adjoining arcas. Seven experiments were in south-central
Washington, in the Grand Coulee irrigation projeet. TFive of these
were on the Moses Lake Developmoent Farm, and btwo were on the
Trrigation Experimoent Station Farm at Prosser. An experiment at
the Umatilla Iield Station at Hevmiston, Oreg., was also in this gen-
cral avea. In the irrigated areas of Nebraska, seven experiments were
ab the Scobts Bluff xperiment Station in western Nebraska, and one
was on o farm near Fardy in south-contral Nebraska,

OBJECT OF EXPERIMENTS

Nitrogen was known to increase yields greatly in areas in which the
experients were condueted, but addisional information was neceded
o ascertain the rosponse to different rates ol nitrogen applied in con-
junclion with different culfural practices. To obfain the maximum
uformation from available research resources, as many different con-
ditions as possible were included in the experiments with nitrogen.
Ouly three experiments were designed and conducted specifically for
the purpese of ascertaining the most profitable rate of application by
procedaires used in this report.  These were experiment 10 at Ontario,
Oreg., experiment, 51 at Hardy, Nebr., and experiment 32 at Prosser,
Wash. These experimoents were designed primarily to obtain informa-
tion on yield response for use in investigating the technical aspects of
ceonomic analysis of {evtilizer-rate experiments.

TEST SITUATIONS

In all these arcas, the growing scason is adequate and the climate
suitable for production of irrigated corn at yiclds thab exceed 100
bushels per nere.  Irvigation is essential to successiul production of
corn m all these arcas except south-central Nebraska, In Washington
aned Oregon precipitation 1s limited. Owrdinarily it is of little conse-
guence i the growing season. For this reason, the moisture variable
can be controlled by proper rrigation. Ag the Scotts Bluff station
in Nebraska, precipitation in the growing scason somctimes alters the
number and extent of irrigations needed.

The number of irrigations applied m the various experiments ranged
from 3 to 15. In general, in the experiments in south-central Wash-
ington, movre irrigations were applied than are commonly applied by
farmers. On the plots in the Ontaric, Oreg., area, the most common
number of ivrigations by [armers was 5. The quantity of water applied
in each irrigation apparently varied considerably, but in only # fow
metances was the quanlity reported.

The irrigation schedule for 3 expeviments in Washington and 1 each
at Hermiston, Oreg., and Beotisbluft, Nebr,, was determined by tensi-
omebers which measure soil moisfure. In the remaining experiments,
the plots were irvigated on Lhe basis of expericnce aud judgment by
the technicians and, in the case of farm experiments, by the farm
0Peraiors,
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All soils in the Washingion arca experiments are fine sandy loams
of the Riteville and Ephrata series.  Those at Scottsbiuff, Nebr., are
Tripp very fine sandy loam. At Mardy, Nebr., they are Waukesha
silty elay loams. At Ontario, Oreg., most of the soils arc silt loams
but they are not formally classified.

Ordinarily, phosphale is not applied to corn, in any area studied.
Experunental cvidence does not indicale need for phosphorus at
Ontario, Qreg.  Phosphorus was applied, however, al a single rate to
the plols in severnl nifrogen experunents as a precaution in case i
became a limiting {nctor when high rates of nilrogen were applicd.

Adapted corn hvbrids were used in each experiment.  Idalwbrid 544
was used i 11 of the 13 experiments al Ontario, Oreg.  In Nebraska,
adapted hybrids, Nebraska 301 and 504 and Iown 4316, were used,
and in thie Washingion experiments, hybrid Towa 939 was used.

ONTARIQO, OREG., EXPERIMENTS

On ecighl experimenis conducted on farm {iclds, the farmer performed
all production practices; reigation, including timing and quantity of
water apphied, was done in (he usual way.  Technicans sclected asite
within the field, applied the fertilizer, and harvesied and measured the
vields., These experiments are numbers 2, 3, 5, 6, 7, 11, 12, and 3
{table 2). The number of irvigalions for these exporiments varied
from 4 to 15, but the quantity of waler was not measured.  Aosl
Farmers ivvigated & times in the growing season, bul | farmer irvigated
every 4 or 5 days in June, July, and August, The plant populalion
varied from 9,700 to 21,400 piants per acre, The rate of planting
varied between farms.  (See appendix table 40 lor details of test
conditions of these experimends.)

Response to nilrogen was studicd in experiments using both 100
pounds of Pa0s per acre and no PO The analysis indieated no sig-
nificant difference betweon yickds with and without P04 (8). In &
of the 8 experiments, corn followed several years of row erops Lo which
very little commercinl fertilizer or manure had been applied.  In the
other two experiments, corn {ollowed alfatia.

Results of these experiments indicate that nibrogen incereased yiclds
on G of the 8 farms Lo a level of approximately 110 bushels per acre, ns
shown in Lable 2. LitUe inerease in yield was obtained from nitrogen
in experiments 5 and 6, hoth of which were on allaifa lond. The
yield on the check plots in experiment 6, which followed 1 year of
allalin, was 125 bushels per nere with a plant population of 21,000,
and the yield on the check plots in experiment 5, which followed 4
years of alfalfa, was 110 bushels per acre, with a plant pepulation of
11,000.

Technicians controlied all operations in planning and conducling
experiments 1, 4, 8, and 9. Most operations slso were controlled in
experiment 10 which was condueted on o farm field.  In 1 expenment,
corn was irtigated 4 times; in 3 experiments, 5 tinwes; and in 1 experi-
ment, 8 times. The plant population ranged from 15,120 Lo 23,230
plants per acre.  Experiments 1 and 4 b the AMalheur Experiment
Station indicaled thnd there was no response to phosphate lertitizer,
as shown in table 2. (See appendix table 40 for details of lest condi-
tions of these experiments.)
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Tasre 2—Vield of wrrigated corn per acre, in response to applied
phosphate and mitrogen, Ontario, Oreg., 1950, 1951, and 19521

Yiaid, by nitrogen apgticd poracre 2
P:0s
Farm ond yeay applicgd
{Ier BETS 0 50 100 i 200
potids pounds pounds prpunds pounds

Expoeri-

Pountts | Hushels | Aushels Bushels | Jiushels | Ruahels
Malheur Txpt. Sta- O] 130 8 | 142 135.
tion, 1650. 100 1 131, : 140,

; O 104,
Moeller, 1950 113,
66
6.
117,
120.
104,
114,
124,
;128
104,
108,

135

100
! Hobson, 1950 0

; 100
Malheur Expt. Sta- 0
tion, 1851, 160

Van de Water, 1951_ { o
h
100

g
180

Custer, 1951
Moelier, 18951

O O G =T 1 00 e G0 e O

Malheur Expt. Sta- o
tion, 1951,
Cloud, 1952 .

Maclin, 1052 {

i
100

0 i
100

0

Benedict, 1952 1060

00 b I e 1 B ] e Al ] e b ] OO0 O e
MO ~DER 1 OO0k ~WNONEW~IDS:

o '
QAN D ON =T D

iom

! Yields in bushels of 56 pounds at 15.5 percent of moisture, average of replica-
tions. See appendix table 40 for reference and test conditions,

2 Applied s8¢ ammoniwn sulfate o few days after planting, spproximately 4
inches from ope side of the row and 3 fo & inches deep.

Corn followed several years of row crops in experiments 4, 9, and 10.
Experiments 4 and § were on land that had been well fertilized in
provious years. Dxperiment 10 was on land thel had reccived 20
pounds of nitrogen the previous year; it had had no fertilizer for the
7 preceding years, HExperiments 1 and 8 were on land that had recently
been in alfalfs.

The yield pattern for cxperiments controlled by technicians ap-
peared 1o be somewhat higher than for experiments on farmer-control-
led fields (sce tables 2 and 3;. For 3 technician-controlled exper-
iments—1, 8, and 9—yields ranged from 95 bushels or more per acre
for the check plots to about 130 bushels per acre with 150 pounds of
nifrogen. In experiment 4, the yield was 80 bushels per acre with no
nitrogen and 117 busiels with 100 pounds of nitrogen. The range in
yiclds for experiment 10, which was on a field of relatively low fertility,
was from 65 bushels per acre with no nitrogen to 146 bushels with 246
pounds of nitrogen applied per acre (table 4).

SGOB08 % —Gtf——3
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TaBLE 3.—Yield of irrigated corn per acre, in response to applied
nitrogen, experiment 9, Malkeur Experiment Station, Onlario, Orey.,

19521
Tlold by spucing belwoen rows *
Nitropen appliod per acre {jrounds) *
30 fnglies ‘ 36 Enclies ! 38 inches 42 fnrhes
Bushels Bushels Bushels Bushely
U 98, 0 Gd. G 96. 7 166G,
L33 ¢ DS 110. 8 1286, 4 120. 4 121. 8
100 . L e e 130. 4 134. 2 126. 3 128 G
180 o im e m o 140. 2 138. 4 134. 5 119, 4

t Yields in bushels of 56 pounds at 15.5 pereent of moisture, average of replica-
tions. See appendix fable 40 for reference and test conditions.
? Applied us mmmonium sulfute # few days after planting, upproximately 4 inches
from one side of the row and 3 to § inches deep.

3 Within-the-row spacing 9 inelies in all rows.

TarLE 4 —Yield of irrigated corn and crude prolein per acre, 1n response
lo 12 rales of applied nitrogen, Western Stales, 1958-53

Avernge yield por ocre
Nitroven appie Exporkment 1 Bxpreritnent 513 E"“%ﬁﬁ“““‘
per were {poiinds)
Carn Wilrogen (I{:r._?,}\"gél) Corn Nitrogen (‘1(.:5_?5‘?1\“") Coti
Hushiclx Fercent FPowsds Buulels Pereemt LPaninds Bushels

14 64, 6 i 250 226 L 104 12. 5
4l a0. 4 118 3068 G9. 6 133 324 49 9
RO 118. 2 1. 26 524 : 102.2 1. 42 508 80.3
100, ... 132, 4 1. 2% 5081 L2 1. 68 - 584 1 ______.
120 oo 140. 7 1. 35 666G 1 1131 L4 457 107. 5
140 oo L) 141 0 1. 36 688 125, 4 1. 67 T34 o
G0 oo meo- i 144 8 140 7I8 1212 1. 70 721 113. 6
180, .o} 141.2 1, i T2 125, 7 1, 68 13 2
200 .. -.-- HEBC YA 145 766 B 1. 78 744 134, 4
240, oo ; 145, 8 1. 47 749 124, 2 178 805 133. 1
280 ... { 1447 & !, 53 738 124, 6 1. 63 762 140, 3
320 - i 13, 6 1. 53 770 123 4 I.74 755 134. 3
360, ___.____ e e o ——— [P SR e e m 153. 2
ag0_ 0T SRR AN A O 185. 7
B20. .- |____--__,-___--- SR VRPNV JUPRp N S, 144. 9

! Yiolds in bushels of 56 pounds ab 15.5 pereent of moisture, aversge of replies-
tions.

2 50 pounds of Po0s per nere applied to il plots in experiment 10, Ontarie,
Oreg, Nitrogen applicd ns ammonium sulfate. See appendix table 40 for refer-
ence and test conditions.

1 Gee nppendix table 42 for reference and test conditions on experiment 51,
Hardy, Nebr,

1 See uppendix table 41 for reference and fesd conditions on experiment 32,
Prosser, Wash. Crude protein yicld vob available.
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EXPERIMENTS IN CENTRAL WASHINGTON AND AT
HERMISTON, OREG.

Eight cxperimeuts of nitrogen application to irrigated corn werc
conducted in this area (9, 15, 12, 20). (Sce appendix table 41 for details
of test conditions of these experiments).” Technicians controiled ail
phases of these experiments. xcept for experiment 33 at Hermiston,
Qreg., and experiment 29 at Moscs Lake, Wash., they were conducted
on virgin soils. Some of the virgin soils had to be leveled before the
corn was planted snd irrigated. In experiment 30, the virgin soil
was sceded to alfalfa and cropped for 3 years before it was plowed
and used for the corn experiment.

The number of irrigations in these experiments ranged from 3 to
15. Moisture control i 4 experiments was guided I%:)y means of
tensiometers, Ioxperiment 27 included 2 moisture levels, with the
lower level limited to 3 irrigations, which were insufficient to insurc
satisfactory response Lo nilrogen. In all other experiments i this
area, irrigations ranged from 7 te 15, and apparently they varied
considerably in the quantity of water applied af cach irrigation period.
In experiment 30 at Moses Lake 3.08 acre-feet of water was applied
in 9 irrigations. In experiment 33 at Hermiston, Oreg., in the southern
part of this south-central area, 5.07 acre-leet of water was applied in
15 irrigations, 3.65 acre-feet In 31 irrigations, and 4.21 acre-fest in
13 Irrigations.

Experiments 26 and 33 included 3 levels of moisture and 2 rates of
plant spacing. Kxperiment 20 tested 3 methods of placing the
fortilizer, and cxperiment 31 tested differences among 5 nitrogen
earriers. In experiment 27 the effect of a vetch cover crop preceding
corn and 2 levels of moisture was studied, and in experiment 28 the
respouse to the residual nitrogen from experiment 27 was measurcd.
Experiment 32, at Prosser, included 12 rates of nitrogen application
ranging {rom 0 to 520 pounds per acre. This was done to learn the
response to mitrogen at ldgh rates of application and to provide data
with which to compare different functions for the yield curve.

Plant populations ranged from 14,500 to 32,700 plants per acre in
experiments 26 and 33.  Plant populations were constant in each of
the other experiments, bub they varied ainong experiments. In all
instances the virgin soils apparently were low in available nitrogen,
and large increases in yield were obtained from the application of
nitrogen fertilizer, as shown in tables 4 to 10. In this area, soil
phosphorus is considered suflicient for production of corn. With
adequate moisture, application of nitrogen resulted in yields of up
to approximately 150 hushels of corn per acre.

71953 ANNDAL REPORY, COLUMRIA BASIN INVESTIGATIONS. Division of Boil
Management, Irrigated and Dry Land Regions, BPISAR, [Unpuhlished.]

Nelson, Q. E., and Viets, F. G., [Jr.] &4 cOMPARISON OF SIDE PLACING, SIDE
DRESSING AND BROADCASTING COAMMERCIAL FERTILIZER ON FIELD CORN. . B
Bur. Plant Indus., Soils, and Agr. Engin,, Res. Rpt. 184, 5 pp., illus. 1950.
[Unpuhblished.}
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TaeLe 5.—Yield of irrigated corn per acre, in response to various fer-
tildly treatments, 8 moisture levels, and 8§ plant spacings, experiment
26, Prosser, Wash., 1947}

MNUrogen applied per acre— Yicld, by molsture level 2 and plant spacing ¥

At planting Later

tirme (pounds) flounds) M ALS: e ! MRy MS M5

Bushels Dushels Biushelx Bushela Biahels
20 Q. 24 il ) 3

1206,
147,

1.
162,
101.

141.
145.
1L
150,
102.

148,
110.
143.
102,

1590
108
168
103.

152,
102,

Tl el el ot R =R R s R )

e e e
e o i
5 k0 1 200 D0 I 13 o
s o b g s

! Yields in bushels of 56 pounds at 15.5 pereent of moisture, average of replica-
tions. See appendix iable 41 for reference and test conditions.

2 Mi==irrigated when soil mwisture tension reached 300 cm. -vater @ 9'', 11
irripations; Afy==irrigated when soil moisture tension reached 4 atmospheres @
9/, 5 irrigutions; My=irriguted when soil moisture tension reached 4 atmospheres
@ 9" until silking, then irrigaterd ut 300 ecm. water for rest of season, 8 irrigations,

38, =12" x 36" spacing, 14,500 plants per acre; S,==8"" x 24'' spacing, 32,700
plants per acre.

1 Plus 15 tons of manure.

5 Plus 160 pounds of 20

TABLE 6.—Yield of irrigated corn per acre, in response to various fer-
tility treatments, 3 moisture levels and 8 plant spactngs, sxperiment
83, Hermiston, Oreg., 19471

Nitcogen applicd per acre— Yieid, by nuisture level ? pod plant spaelng 3
P20

Jant] applied | :
At planting Later er sere y i g | a5

umic (pounds}|  (pounds MLE Mi5: ! S i Mk M8

)

Ponnds | Bushel Bushels | Buahels | Bushels | Bushels
40 ... 100 7.2 8. O G5 36. 49,
100 7.2 A 82. 8l.

100 §81. 8 .6 88, 77.
1200 ... 100 1 111, 6 \ 109, 118
a0 .. .. 40 100 92. 3 2. 102. Q7.
G0 ... (411} 100 [ 107. G} 104, 112. 116.
80 100 | 113. 4 ¢ 123, 130,

120 100+ 127. 3 122,

0 160 | 109, 6 115,

64 0} 110 109.

17,
132.
1146.
120.

pooponoNes
=00 G N O R B S
REAGRAAS

4
2

1 Yields in bushels of 56 pounds at 15.5 pereent of moisture, average of replica-
tions. See appendix table 4] for reference and test conditions.

? My=irrignted when soil toisture tension reached 400 cm. water @ 977, 15
irrigations; M;=irrigated when soil moisture tension réached 9 ntmospherss @ 9/,
11 irrigations; Af=irrigated when soil moisture tension reached 9 atmospheres
until silking, then irrigated when tension reached 400 ¢, for 3 weeks during polli-
nation and silking, and then continued us belore.

1.81=12" x 36" spacing, 14,500 plants per acre; S;=8§"" x 24’/ spacing, 32,700
plants per acre.

+ Plus 15 tous of manure.




TanLE 7.— Yield of trrigated corn per acre, in response to different rates of applied nitrogen at 2 moisture levels, with and
without vetch cover crop, experiments 27 and 28, Moses Lake, Wash., 1948 and 1949 '

Treatment in 1048 and vields in 1948 and 1949 2

Nitrogen applied i
per acre, 1048 MW7 Ma MWy M:Va

(pounds)

1048 1040 3 Total 1048 19493 Total 1948 19492 Total 1948 19403 Total

Bushels Bushels Bushels Bushels Bushels Bugshels Bushels Bushels Bushels Bughels Bughels Biishels
44. 8 19.0 63. 8 77.7 15.0 092. 7 58. 9 25. 8 84. 7 80.1 23.71. 103.8
82. 4 22. 104. 5 105. 27.0 132.7 77.3 20. 3 97. 6 96. 2 27.1 123. 3

103. 4 23. 127.0 113. 26. 1 140. 0 103. 6 28.3 132. 4 100. 4 30. 3 130. 7

120.4 45, 174.7 143. 50. 6 193. 6 94 6 42.0 136. 6 103. 2 54. 8 158.0

120.'8 22 143. 4 143. 61.9 205. 0 106: 0 27,2 133. 2 119, 4 79.5 198. 9

135. 4 42, 178. 2 144. 4 84.8 229. 2 93. 9 65, 2 159.1 116. 1 94, 2 210. 3

1 Yields in bushéls of 56 pounds ab 15.5 percent of moisture, tension, 3 irtigations; Vi=no vetch cover erop; Vy==veteh cover
average of replications. See appendix table 41 for reference and crop. (plowed under), :
test conditions. 3 No. fertilizer was applied and -irrigation was uniform and
2 M,=low moisture tension, 8 irrigations; M,=high moisture ample.
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TanLe 8.—Yield of irrigated corn per acre, ©n response o nilrogen. ap-
phied by 8 different methods, experiment 29, Moses Lake, Wash., 1949 "

TECHNICAL BULLETIN 1141, G. S. DEPT. CF AGRICULTURE

Yield, by methad of applying nitrogen 2
Nit lied pe , 1p40 1s) 2
FHOBER ppTLC peraete (poumds) Broadeast 4 stdeplsced Sidetlressed
n {2 o]
Bughels Bushels Rushels
O & 44, 2 87. 4 51. 5
40 e 68 1 115. 8 91. 7
B0, o 7.4 117.3 116. 3
120 o e e e 60. 1 | 1131 118. 7
W60l . 65.7 | 135. 6 134 8
240 oo G5. 2 ; 145. 7 130. 0
! ¥ields in bushels of 56 pounds af 15.5 pereent of moisture, average of repli-
cations, See appenclix table 41 for refercnce and test eonditions,

2 50 pounds of Po0); per aere broadeast over entive area,

P Ammonium nitrake: (1) Broadeast and harrowed in before sceding: (2) side-
placed, 3 inches to the side and 2 inciwes below seed at seeding time, Moy 11; and
(3) sidedressed, 4 inches to the side and 4 inches deep when the corn was 12 inches
high, June 9.

* Precipitation was very light.
soil was not all welled at an Drrigation.
may not have reached the root systems.

The infiltralion rate was low so the surface
Therelore, some of the applied nitrogen

TarnLe 9—T4eld of trrigated corn per acre, in responge fo d1ferewt rates
of applied nitrogen, experiment 80, Aoses Lake, Washinglon, 1951 !

Units Bl opiied Yield

Poundy Buskels
0 o e mmmmmmaan 125. 8
Y e ————————— 40 140. 2
B i ___ 80 166. 8
B e e et mmmmecmemmemamm—man 120 164. 3
L 160 168. 5
B e il 200 161. 8
B e ————— ! 3120 16). 1

I
| Yields in bushels of 56 pounds ut 15.3 pereent of moisture, average of repli-
cations. Hec appendix table 41 for reference and test conditions,

2 Fertilizers applied 2 inches below and 3 inches to the side of seed,

T Plus 60 pounds of Ps{); applied as superphosphate (43-percent PR0;).

TaBLE 10.—X%eld of trrigated corn per acre, in response lo § forms and
different rales of upplicd witrogen, experiment 81, Moses Lare, Wash.,

19521
. Yield, by uitragen applicd per oere 2
Form of nitrogen aplied
0 pounds 40 pounds S0 potinds 160 pounds
Buxhels Rushels Bushels Huehels
Auhydroys nmmonia. ... _ 0. 2 87 28, 160. 3
Amwmonium sulfate_______ . ____ 76. 2 111 1 143. 8 159. 8
Ammonium nitrafe. ___. . ___ 70, 2 107. 1 132. 8 165. 5
Calelum mitrate________.__..__ 76. 2 I0L & 112. 4 138. 5
Urea ... __________________.. 76, 2 101. 8 1231 147. 9

' Yields in bushels of 80 pounds at 15.5 perecent of wnoisture, average of repli-

cations,
7 Bidedressed after emergence.

See appendix table 41 for reference and test condilions,
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NEBRASKA EXPERIMENTS

Technicians controlled 7 experiments at the Scotis Bluff Experiment
Station. The cultural practices for experiment 57 at Hardy in south-
central Nebraska were farmer-controlled (14)8  (See appendix table
42 for details of tesi conditions.) This experiment was on a ficld of
low fertility, and 12 rates of nitrogen ranging from 0 to 320 pounds
per acre were applied. It was conducted primarily to obtain data
with which to characterize the yield curve of irrigated corn treated
with nitrogen {table 4},

At the Scotls Bluft station, in experiment 52, 5 rales of nitrogen
ranging from 0 to 320 pounds per scre were studied, Three spacing
vaziables and three moisture variables wore included (table 113, In
experiment 53, nitrogen was applied Lo polatoes in 1949 at the rates
of 0, 40, 80, 160, and 320 pounds per acre. In 1950 ihe plots were
split. Half of cach plot received no further fertilizer. Corn was
grown on these plots i 1950, sugar beets in 1951, and corn aggin in
1652. On the remaining half of each plot corn was grown with an
application of 40 pounds of nitrogen in 1930, sugar beets with an
applicalion of 83 pounds of nitrogen in 1951, and corn again with an
application of 80 pounds of nitrogen in 1952 (table 12},

TasLe 11.—J4cld of irrigaled corn per, acre, in response fo 8 melhods
of trrigation, 8 plant spucings, and different rates of mitrogen applice-
fion, experiment 582, Scollsbluff, Nebr., 19481

Tiold, by nitrogen apptied per acre?

Flount spaciog, and moklune level 2 ; : T
¢ O nounds - 40 potnds | B0 paunds |IGB nounds'l %0 pounds

3G-inch spacing: Bushrts  Bushels i Bushels I Bushels . Dushels
B DU U : 124 ¢ 120 : 122 121 118
.3 ! Tt Tid 124 127 126
My e aa ' 120 132 = i35 135
28-ineh spaving . ! ;
My i amaieaaea- ' 125 ¢ 136 136 - 139 135
AMa e ‘ 120 . 136 ¢ 135 134 144
S U ’ 140 - 134 g 147 144
20-inch spacing : : i
B I : 136 154 ¢ 34 130 128
B T 124 - 130 - 150 135 1346
By e 133 |[ [EH 147 147 145
! |

! Yiglds in bushels of 56 pounds at 15.5 pereent of moisture, average of replica-
tions, Sce appendiy table 42 for reference and test contbitions.

t Me—=irriputed when readings of 10,000 ohms resistance were oblained in
gypsum blocks; Me==Trrigated wheu readings of 800 ohmns resistance were obtained
in gypsum blocks; My=irrigated when readings of 250 mm. Mg, were obtained in
tensiometers.

3 Additionnd fertilizer was applied to cach difforent replieation as: (1) 25 tons
of manure: (2) 25 Lons of manure and 160 pounds of nitrogen; and {3) 40 pounds
of Pa0; and 40 pounds of nilrogen per aerc. One replication had no sadditional
fertilizer besides Lhe nitrogen.

8 npublished daka of the Scotls Bluff Experiment Slation, Scottsbiufl, Nebr,



http:Technicia.ns

22 TECHNICAL BULLETIN 1141, U. S. DEPT. OF AGRICULTURE

TaBLE 12.—Residual yield of irrigated corn per acre, first year residual
and third year residuals following potatoes and sugar beeis, experiment
53, Seottshiuff, Nebr

1850 resldual yield 1952 residual Flend
Nltrogen applied per ocre,
1949 {peunds) 0 ib, 41} Ibs, Q0ib. 80 lbs.
N-1060 2 N=-J850 7 N-105]1-52 N-1851-52 2
Busholz Bushels Dnshels Bushets
O .. 122 128 113 116
80 .. 125 132 109 143
1600 . L. 126 129 108 117
320 . . 12 130 110 117

! Yields in bushels of 56 pounds st 15.5 percent of moisture,
tions. Bee appendix table 42 for reference and test conditions.

1949 plots with nitrogen applied to polatoes were split and half of each plot
was carried through with no additional nitrogen applied, The other half of each
plot had 40 additional pounds of nitrogen applied to com in 1950, 80 pounds 6o
sugar beets in 1051, and 80 pounds o corn in 1952,

average of replica-

In experiments 54 to 57, inclusive, at the Scot(s Blufl Experiment
Station, nitrogen was applied al 0, 40, 80, and 120 pounds per acre; and
at each rate 1t was applied at 4 different times: (1) Before plowing,
(2) at planting time, (3) when the corn was 6 to 12 inches high, and
(4) when it was 30 to 36 inches high (tables 13 to 186, inclusive). In
the following year, the yicld response of corn to residual nitrogen was
measured at each initial rate of application. Two experiments were on
fields of low fertility, 1 was on a field of medium fertility, and 1 was

on » field of high fertility.
ments but none included legumes.

TanLe 13.—Yield

Jrom different times and rales

The erop history varied between experi-

of irrigaled corn per acre, first and residual years,
of mitrogen application, low fertility

Jeld, experitment 54, Seottsbiuff, Nebr.!
Yiekd, by Llmo of nitragen applicotion
Nlitrogen applied per sern Your i
(nounds) Bufore At plaatiug | Corn 6lo Corn 30) ta
plowiug time [ 12 inetwes high | 30 {nchws high
Birshels Bushets Bishels Bushels
| 1950 45, G 456 45. 6 45 6
G .. 14951 24. 8 24. 8 24, 8 24. 8
0 . 14950 72, 5 72. 4 83. 9 84. 8
O e 1051 2. 4 22. 6 24. 5 30. 8
80 o 1950 29, 1 105. G 105, 3 130. 4
G e 1951 270 28. 7 27.3 38 3
120 . 1850 4. 3 115. 1 120. 1 115.1
L | 1951 33. 3 33.1 33. 4 36. 5

! Yields in bushels of 56 pounds at 1
See appendix table 42 for refe

tions.,

§.5 percent of moisture, average of replica-
retice and test conditions.
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Tapre 14.—¥ield of irrigated corn per acre, first and residual years
from different times and refes of nitrogen application, high fertility
Feeld, experiment &5, Scottsbluff, Nebr!

Yivld, by thne of nitropen spplication

Nitrogen sppifed poer aere -
fypunds) Before At planting Corn 6 to Corp 80 to
plowing [RE: 12 {nehes high 36 lnches high

Bushels
1551 50.
1452 92
19351 67,
1952 0.
1951 3
1952 123
14561 71
1952 122,

Bushels Dushels Buashels
54, 54, 59
g2, 92,
63. G1.
96, 104
58. Gl.
121 122.
50, 72.
122, 125.

92,
66,
93,
61,
112,
a4,
115

[+ R el R B R o]
mmmw‘sctmm;
L3I0 SIS D W
mmqmwmw;::

' Yields in bushels « 6_1;'5.(_3}_351311({5 nd '15.5;)::;;-00:!1: of moisture, average of replien-
tions, Sec appendix table 42 for refercuee and test conditios,

TaBue 15.—Yield of trrigaied corn per acre, first and residual years
from differeni times and rates of wmitrogen application, medium fer-
tility field, experiment 56, Scottsbluff, Nebr.t

Yieid, by time of nitrogoen eppiication

MNitropen applied per gere

\ i
{pounds) Refore At planting ;  Corn Gto Corp 30 to
plowling time 12 Inehres high | 36 inches high

Bigheln Bushels Duskely Bushels
33 33. 33. 6 33
351 35.
38. 7 49,
46. 8 50
51 2 44,
67. 9 54,
52. 9 44,

I 80.0 G8.

1951
1952 |

WL SN D
IO D R OO -
e P

t Yiglds in bushels of 56 pounds at 15.5 percent of moisture, uverage of replica-
tions, See appendix table 42 for reference and test conditions.
Tanre 18 —Yield of trrigated corn per acre, first and residual years,
From different times and rates of nilrogen application, low fertility
Field, experiment 57, Scoltsbluff, Nebr !

Yield. by time of nitrogen spplication

4

N ltmgeni unplfg.d NOL Serd Your

jraunds) Belore At plusting Cora G to Corn 30 to
pHowing the 12 juches high | 36 inches Bigh

Bushels Bushris DBushels Bushels
32. 32

1952
1953
1952
1953
14952
1953
152
1953

2.1 32,1
26. 3 26. 3
70. 5 2.2
33.2 541
79. 4 T4 1
LS 342 73. 9
. G 107. 5 30. 8

3 518 8.5

[, S 12 WL

! Yields in bushels of 56 pounds ab 15.5 percent of moisture, average of replicu-
tions, See appeadix table 42 for refercnce nud test conditions,

3668087 —Ht—A~A
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In experiment 58, rates of nitrogen up to 160 pounds per gere were
studied alone and following an application of 12 tons of manure per
acre {table 17).

Tasug 17.—¥ield of irrigated corn per acre, for d fferent rates of nitregen
application, without menure and with 12 tons of manure, erperiment a8,
Scottsbluff, Nebr., 1953 ¢

Mo mapure 12 wons of meture
Nitrogen applisd per acre, 1953 {pounds) R e itk
F N ¢y be

Rushely Bushels Rushels | Bushels
3i4. 8

O e 281 G4 2 120. 0
40 .. M. 6 i0a. 5 1257 131. 6
B0 e 76. 3 124, 0 136. 9 136.2
120 9.3 141, 9 136. ¢ 158.7
MO .. ... 4 1040 135.9 125.0 142. 7
10 e e 113. 2 1377 1241 152.0

} Yields in bushels of 56 pounds at 15.5 percent of maisture, average of repli-
cations, Sec appendix table 42 for reference and test sonditions,

t A and C were on ficlds (hat had been in continuous corn sinee 1912 and Band
D were on fields that bad been In potato-sugar heet rotation from 191 2-49, and in
corn from 1950-52.

%40 pounds of POy applicd.

In experiments 52 and 53, and that part of experiment 58 on which
magure was used, the response to nitrogen was stight (tables 11, 12, 17).
In each of these instances, soil fertilily was high before the application
of nitrogen. In experiment 51 the highest yield approximated the
yields in experiments 52, 53, and 58, but the yield without nitrogen
was only 23 bushels per acre (table 4). Yields on check plots were
relatively low for the otlier experiments, so large incresses in yield
resulted from applying nitrogen ot rates up to 120 pounds per acre
in all experiments except 55 and 56. Adverse wealher, including
severe cold and bailstorms, depressed yields in these two experiments.
Rates of nitrogen were not high enough in experiments 54 to 58 to
ascertain where Lhe yields level off under favorable elimatic conditions.

All of the Nebraska experimenis were on Pripp very fine sandy
loam, except experiment 51, at Hardy, which was on Waukesha
silty clay loam. "These soils had been in production for many years.

ECONOMIC ANALYSIS OF EXPERIMENTAL DATA

Basic to the economic analysis of the response of corn to nitrogen
fertilizer are the functional relationships belween the quantity of
nitrogen applied and the yield of corn. Eslimates of the yield func-
tions have been made for the experimental data in Oregon, Washing-
ton, and Nebraska, when yields appeared to follow 2 functional reln-
tionship with meaningful economic mterpretation. The constants for
these functions and estimates of the varighility of some of the constants
are shown in appendix tables 43 and 44. Yield functions are shown
in figures 2 to 4 and 8 to 10.

The additional increase in yield of corn that is associated with
each additional 20-pound unit of nitrogen applied was computed.
This provides information on which recommendations relative to the
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most profitable application of nitrogen may be made. The functional
relationships reflect the differences inherent in soil, location, previous
soil manegement, and other factors purposely incorporated in the
experiments. Calculated yield increments for 14 representative ex-
periments are presented in table 18. It is possible from these incre-
ments to estimate the most profitable application of nitrogen,

Tanre 18.~—Caleulated yicld increments per acre of corn for grain,
associated with each additional 20-pound unit of nitrogen applica-
tion !

Experiment
Nitrogen applied per nere v
32 10 i3] I i ll 1 209 30
Lrnite . Paimdés fughelz | Bushels | f2uxhels | Bushels | Buehely | Bushels | Bushely
1 200232372235 1 31,341 2235 ) 2457 | 11.07 14. 14
. A, 40 1 19,40 | 16,76 | 22 14 1704 | 17. 26 9, (2 9. 59
b S 60§ 16.20 | 12.57 | 1464 ) 12.98 1 12, 11 7. 30 6. 50
4 $0 1352 943)15.05!) 9.90| 8511 598] 440
. 100 1 11. 30 7.07 7. 81 7.535 5. 97 4. 88 2, 9%
6 ... 120 9. 43 5. 30 5. 52 5. 75 4. 20 3. 97 2 02
T 140 7. 87 3. 98 3. 90 4, 38 2. 94 3. 23 1. 38
- S 160 G, 58 2. 94 2. 75 3.35 2,07 2. 64 .92
9 ___ ... 184 5. 49 2.24 1. 95 2. 54 1. 45 2,14 04
10....... . 200 4, 59 1. 68 1. 37 1. 45 1.02 1.75 .42
) N 220 3. 83 1. 26 .07 1. 48 .71 1.43 oo
120 .. __.. 240 3. 20 .94 . 69 1,12 51 L16 oo -
18caccc s 260 2. 67 .7l .49 [ A (AR P
14 ... 280 2.23 .93 T A D [ R DT
15 o - 300 1. 86 .40 L S ) SRR I,
16 320 1 &b . 80 DO I (R [P PR P
IBxneriment
2 7 7 11 11 i2 12
Nitrogen spplied per avre
104 jlin) Q 100 4] 102 |}
pounds | pounids | potneds | opounds | opeunds ¢ peunds | pounds
Jralhy By Falis Polls D Pa0g 20; P04
Uniis Puma.ri} Rushels | Bushets | fHushels | Bushels | Brahely | Bushely | Dushels
... . 201 23.70 ] 17.99 § 1206 | 18. 83 1 22. 62 | 11. 51 13. 50
2. . 40 | 15.13 | 11. 95 9.71 | 11,86 | 13 52 8 76 8. 49
- S 80 9. 36 .94 7.45 7. 63 8 a8 8. 66 5. 34
—— 80 6. 16 5. 27 572 4. 83 4. 83 5. 07 3. 36
L R 100 393 3. 50 4. 49 3.07 2.89 3. 86 2.11
S o= 120 2.51 2.33 3. 36 1. 95 1.73 293 1. 33
T, 140 1. G0 1. 55 2. 58 1. 24 1. 03 2,23 . 83
B 160 1. 02 1. 03 1. 98 .79 . 62 1. 70 .52
L+ I 180 .65 . 68 1. 52 . 50 .37 1. 29 . 33
10 ... .. 200 .42 .45 1.17 . 82 .22 .98 .21

1 Yn using this table to find the most profitable rate, divide the cost of 20 pounds
of nitrogen by the price per bushel ¢f corn standing in the field. The result is
bushels of corn equal in value to 20 pounds of nitrogen. Loeate in the appro-
priste column the Hgure which most nearly equals this result, and from the
lefthand columo read the rate of application with which it js associated. This
is approximately the most profitable rate.

2 Bidedressed.

? Bideplaced.
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CORN RESPONSE TO NITROGEN

Experimeni 10, Oataro, Cregon

BU. PER ACRE
160 -

. K T
Upper limit s

120

® Reported yields
MOST PROFITABLE RATE®

80 A $112 —
o 144
C 168

40 . i - ] . i \
T Wy S— SN S Pp— S—
0 80 160 240 320
LB. N APPLIED PER ACRE

‘6!’% LEVEL OF CONFIDENCE T AT JSa PER LA.. CORN AT INBICATED PRICES

U. 5 DEPARTHENT OF AGRICULTURE REG. 55150745 AGRICULTURAL RESEARCH SERVICE

Freune 2.—Yicld response curve, 67 percent coufidence limit eurves, reported yields,
and yield at the most profitable rate of nitrogen application, irrigated corn—nilrogen
rate experiment 19, Ontarto, Oreg., 1952,

CORN RESPONSE TO NITROGEN

Experiment 51, Hardy, Nebraska, 1952

BU. PER ACRE e —=

o x e ——
120 I-Upper limit_ —~—"3%_ 400
,O’. ’-_,..—-""
- -

g mp. B S e S e

e Reporied yields
1
MOST PROFITABLE RATE®

& $1.12 _
o 1.40
o 168 7

: I ; ! :

160 240 320
LB. N APPLIED PER ACRE

'l?ﬂ LEVEL OF CONFIDENCE 0“ AT I PER LB, CORW AT IRDICATED FRICES

L. 5 DEPARTHENT OF AGRICULTURE HEG. 55 05)=-748 ACRICULTURAL RESEARCH SERYICE

Freure 3,—Yield response curve, 67 percent confidence [imit eurves, reported vields,
and yield at the most profitable rate of nitrogen application, irrigated corn—nitrogen
rate experiment 51, Hardy, Nebr., 1952,




CORN RESPONSE TO NITROGEN

Experiment 32, Prosser,Washington 1953

BU. PER ACRE
160 I : Upperﬁnﬁ#

120

80

¢ Reported yields
MOST PROFITABLE RATE®
a $1.12
o 140
o 168
160 240 320 400 A80 560
LB. N APPLIED PER ACRE

.‘7! LEVEL OF CONFIDENCE ON AT 15¢ PER L‘IE., CORN. AT INDICATED PRICES

t;,'
o}
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U, §. DEPARTMENT OF AGRICULTURE NEG. 55(5)~747 AGRICULTURAL RESEARCH SERVICE

Ficure 4.—Yield response curve, 67 percent confidence limit curves, reported yields, and yield at the most profitable rate of nitrogen appli-
' cation, irrigated corn-nitrogen raté experiment 32, Prosser, Wash., 1952, i

LG
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Most Profitable Rate from

INCREMENT CURVES

BU. OF CORN /ACRE

3F

214 bu.

S ———

Example: 204 bu on weatfeal

scale cedns thal about 107 b, I

is e mesl piolitable cate on

the incpement cumve far pagmti- |
el 30, {ghet of 20 Wb of 8

I [=  « value of cor per bu.zouantily

al camn wondh 20 (0. ol niteagen, [

Locate an yeftical 3cale, draw
Ting do curve, than dowawand fo

30
most profilable rale} T~ 7‘ 51/

0 ] | ] H | i i
0 40 80 120 160 200 240 280 320

LB. N APPLIED PER ACRE

-
100 Lo, Py o,

Ul DEFARTHERT OF AGRICULTURE HEG. 53 {5)-980 AGRICULTURAL RESEAACH JERVICE

Ficure 5.—Using increment vield curves 1o find the rute for the bighest relurn to
nitrogen,

With corn valued at $1.40 a bushel after harvest costs are deducted,
and with & 20-pound unit of nitrogen at $3, 2.14 bushels ol corn are
reguired to pay for 1 unit of nitrogen. In experiment 30 in table 18,
for example, the filth unit of nitrogen increased the vield by 2.99
bushels, a quanlity grealer than that required to pay for the added
fertilizer. The sixth unit increased the vield of corn by 2.02 bushels,
or just a little less than enough Lo pay lor the added nitrogen. The
most profitable rale—Lthot rate which maximizes the relurn to nitro-
gen—is somewhere between the Bfth and sixth increments.  As shown
In figure §, it is 5.4 units of nitrogen. This is the guantity of nilrogen
at which the fertilizer increment will produce an added vield that
will just pay for itself.

This can be computed direetly from the constants for the vield
functions, as outlined in the metheds of compulation in which the
mosé profitable rate (AMPR) is

log (Px,/Py)—loglA(nR)]

(15) MPR— o

These most profitable rates were computed for the vield functions
with the price of corn (Py) at $1.12, $1.40, and $1.68, and she price
of 20 pounds of nitrogen (Px} at $3, as shown in tables 10 and 20.
These computations resull in an exact expression of the most profit-
able rate, an approximate estimate of which is illustrated in figure 5.
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TasLe 19.—Most profitable rate of milrogen application per acre, with
nifrogen af 13 eents a pound and corn at different prices per bushel,
zrnqaﬂed corn—nilrogen rale erperiments, CUregon, Washingion, and
Nebraska, 1947-581

l Mest profltable rate of pitrogen apphication
i per sere, when corit is—
1305 apilicd

Esperiment

et nete !
i L Sz ver , S0 per | §EAS per
bushel bshel ' brshel
" Poppds inads ! Pounds | Poundy
R { o 3 | 192 2
""" e AR LR 160 10: f 107 125
. { 0 127 144 158
IR R LR 1060 103 14 123
1000 o e e L a0 157 172! 185
" { 0 g2 401 108
chmer TTTToTo 100 93 105 ¢ 113
1o { 9 79 89 97
o""" """""""" 100 ¢ 16 133 ¢ 146
277 : : : i
11{|1'{-....., e 0 : 1606 ’ 183 : 196
M., LTI 265 162 181 196
MG I 0 86 - 95 ! 103
26 LIS e l 305 116 . 143 3 161
H i 1
Sideplaced_. . __._._._ ... l ) 148 , 170§ 188
Sidedressed... ... ... 1 4. 135 ¢ 148 | 158
30_.... . e 0 95l 107 ¢ 116
32_ 1. . . R ! o 250 ! 974, ! 295
1. L. 0.

158 I68 ¢ 178

I Forin of the yield funelion is 1==0—ARY, Functions estimated by mathe-
matieal methods.

2 Spe table 7, footnote 2.

? 85 pounds of Pa0; und 50 pounds of sulfur applicd before seeding veteh.

The most profitable rate of nilrogen application per acre is between
100 and 200 pounds for 21 of Lhe experiments when pitrogen is
15 cents o pound and corn is $1.40 o bushel. It is between 75 and
100 pounds for a few experiments. For 15 cxperiments in which the
computed mosé profitable rate exceeds 200 pounds, sufliciently high
rates of nifrogen were not applied to characterize adequately the
upper end of the response curve. (ue exvoption is experiment 33
in which 240 pounds was the highest rate applied.

MEASURES OF RETURN TO NITROGEN APPLIED

The most profitable rate provides information on the quantity of
pitrogen that will maximize the return obtained by applying nitrogen
fortilizer. Evalualion of this rate in such terms as the return on
investment and comparative profits under various conditions requires
that the return to nitrogen be estimated. A substantia] return to
nitrogen does not neeessarily indicate that production of corn is
pr ofitable. The cost of fertilizer is only one of Lthe costs of producing
a crop. Without fertilizer the yiclds may be too low to pay the
other costs, Addilional njtrogen may result in yields sufficient to
change production of corn into n profitable enterprise.



http:EXPERIME1's""Xs.29

30 TECENICAL BULLETIN 1141, U. 5. PEPT. OF AGRICULTURE

Tasue 20.—Most profilable rate of nitrogen application per acre, with
nitrogen at 15 cents e pound and corn at differeni prices per bushel,
irrigated corn—milrogen rote experiments, Oregon, Washington, and
Nebraska, 1947-568°

| Most profitable rote of nitrocon appilcation
i jrer agre, when corn 5—
PiQs applied !

er nere |

Experhment

SLI12pec  © §1.40 per $1.68 per
bushel hshel bishel

Pounry Popnds ¢+ FPeunds - Poundda
& 3 1430 i 1

Th : 103

a6 ; §4

30-inch row. 343 480
36-inch row ] 120
AS-inchrow. ... ... . ..., . : . 128
#2-inch row . . 4 : 54

. . 104
91

313
700
470
397

173
202
307
254

242
212
159
36 | 141
191 | 211
200 . 220 |

0l
0

g
{

g
(R
0

o
b
4]

0.
0
0
g
4]

0-
0
o

! Form of the yield function is Y=381—AR+s. Functions estimated by graphic
procedure.
2 See table 7, footnote 2.
3 Bee table 6, footnote 2,

Soveral measures of return useful in evaluating yield response to
fertilizer applieations are presented in tables 21 {o 23, inclusive, for
experiments 10, 32, and 51. Euch teble was prepared from the
resulls of experiments that were conducied on fields of relatively low
fertility and were designed to measure yicld respwnse over a wide
range of fertilizer rates. Data in columns 1 through 6 are for indi-
vidual sueccessive 20-pound units of nitrogen. Data in columns 8
through 10 arc results for rates of appiication shown in column 7.
In each experiment a well-adapted hybrid was planted; care was
taken to supply adequate moisture at all times; and precaubions were
taken to insure satisfactory growing condilions.




TanLe 21 ~Zt![ea31t7'es of retwrn from application of nitrogen at varying rates 1o irrigated corn, experiment 10, Oh,tario,
Oreg., 1952

4——96-~,80899¢

Resulls by sueenssive 20-pound units of nitrogen 1 Cumaulative results from inereasing rates of nitrogen application

{ Return above | - Return per i ! _ Average returmn
oA | e | g aptenton | ot o | st rtuto| o i
Lonitrogen (eol. | mitrogen {eol. | of nitrogen : yield 8=col, 7) nitrogen {(col.
3—cal. 4) 3+col. ) | -+col, 7)

v ] ] Value of Cost of
\’ptfl?%‘::‘}em;g;g'd Inereass | ndditional additional

in yield increase unit of
(anits) in yield nitrogen

2. ® » ® I ' (8) ©) (10

Bushels 3 Dollars Dollars Pounds Bushels | Dollars Dollars Dollara
22 00 . 28, 29 10.

28. 29 10. 43 20 | 3. 00 2235 | 3129
20. 46 10 39.11 | 54. 75 48, 75 9. 12
4. 60 60 5 72. 35 . 8. 04
10. 20 80 | 12, 61. 11 | 85.5 : 7.13
6. 90 100 | 1. 18 | 95,45 . 6. 36
4,42 120 | 18 .48 [102 . 5.72
2. 57 140 | 21. .46 [108. 44 . 5. 16
117 © 160 | 24 - 44 (112, 58, 4, 69
L1 180 | 27. .68 |115. . 429
—. 65 . 200 | 30. 4. 36 |118. . 3.94
—1. 24 . 5 220 | 33. A 62 |119. . 3. 63
1. 68 R 240 | 36. 5. 56 {121, . 3.37
~2. 0} . 260 | 39. .27 1221 Bt 3. 13
~2. 26 . 280 | 42. .80 [122. . 9 2,93

16.
12.

btk o 1t ot

0000 05 90 9 $5 50 65 48 00 1 L0 50 85
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TaBLE 22.—Measures of return. fr om application of nitrogen al varying rates to irrigated corn, experiment 32, Prosser,
liash 1952

Results by successive 20-pound units of nitrogen Cumulative results from increasing rates of nitrogen application

i Hed Value of Cost of Réturn above: Return per . Average return
trogen applled | rhoranse | additional additional cost of adddi- | dollaron the 1 poini gpotication Total increase In | Lokl roturn fol - per dallar
per acre, 1952 in vield . H tional unit of last unit of nitrogen (col, spent on:
(units) in yiele trerense unit. of nitrogen (col. | nitrogen (col of nitrogen yield g—col, 7) nitrogen (col
in yleld nitrogen G—col, 3} . 3%col.d) ) 8aeal )

@ @ @ ) i ® @ ® a0

Bushels Dollars Dollars Dollary Dollars Pounds | . Bushels | Dollary Dollirs Dollars
23. 2: 32,52 3. 00 29, 52 10. 83 20 3.00 § 23,23 | 32. 52 29. 52 1
27.16 3 24. ) 9. 04 40 . | . 0: 29, 68+
22. 68 . 19. 7. 58 60 A . 83 | 82. 36
18. 93 3. 15, 0. ¢ 80 X , 35 1101, 29
15. 82 . 3 5. 100 5. 3. 65 [117. 11
13 4, ¢ 120 1 18. . 08 1130. 31
11, 3. 6 140 . .95 (141 3.3
3. 160 4, . 53+150. 5
180 . 3. 158,
200 . 117. 61 {164
220 1 33 .43 1170,
240 . 174,
260 9. . 178.
280 | 42. . 53 {181
300 . . 39 1183 ¢
320 . 132, 04 [186.
340 1 51, 34, 24 [187. ¢
360} H4. 5.+ 189.
380 | 57, 36. 23 [190.
400 . 136. 191.
420 N . l‘)".
440
460 .
480 . 138 ¢ 194, 5
5 : 194, ¢
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TasLe 23.—Measures of refurn from application of ml}ogcn at varying rates lo irrigated corn, experiment 51, Hardy,

Nebr.,, 952

Results by successive 20-pound units of nitrogen

Cumnlative resuits from incrensing rates of nitrogen application

D

Nitrogen npplied o Valuo of Costor | O AT | o on i ot return to| *per donar
' ;)‘erl? %\tll}cﬂrl’tr))’xllw §::c;f&s§ “ﬂ{‘c’l}"‘g;?l “‘lg{:{“&}“‘ uct?xfﬂlou'l‘\(u(, ot | Tast ';1?\'1\ pr '1“"(’)‘[' l‘l‘,‘l’,r_’(l’:::: jon Total ;vli:}l:']msu fn nn‘rngen (é(ﬂ ‘spent on
{units) - i, yield nitrogen nn‘r_ogé((\)l]\ (gol m&rﬂ;é(‘}’n (‘(501 8—col, 7} ni%rg%%lﬁ (7co|.
Q) (23 16)) (6)] ()] ()] Q] 8 (C)] 10)
Biushely Dollars Dollars Dollars Doilars Pounds § Dollars | Bushels. ¢ Doilars Dollars Dollars

| P SN 31. 34 43. 87 3. 00 40. 87 14, 62 20 3.00 3134 43.87 4(. 87 14..62
2 22, 14 31.00 3. 00 28, 00 10, 33 40 6. 00 { 53.48 | 74. 87 68. 87 12. 48
£ SR 15, 64 21. 90 3. 00 18, 90 7. 30 60 9.00 | 69. 121 96. 77 87. 77 10: 75
[ T 11. 03 15. 47 3. 00 12,47 3. 16 80| 12.00 | 80.-17 {112. 24 100. 24 9. 35
b S 7. 81 10. 93 3. 00 7.93 3, G4 1001 15, 00 | 87. 98 |123, 17 108, 17 8 21
L R 5. 52 c 772 3. 00 4, 72 2. 87 120 { 18. 00 | 93.-50 [130. 90 112. 90 7. 27
il 3.90 5. 46 3. 00 2. 406 1. 82 140 | 21,00 | 97.40. {1306. 36 115. 36 6. 49
L SO 2.95 - 3. 86 3. 00 . 86 1. 29 160 1 24, 00 j100. 15 140, 21 116. 21 H. 84
L N 1.95 2.73 3.00 o, 27 . 91 1801 27. 00 1102, 10 {142, 94 115.94 5. 29
10 e 1. 37 1. 92 3. 00 ~, 11 .Gk 200 § 30. Q0 1103. 47 {144, 80 114, 86 4. 83
[ Y 97 ~1.36 3.00 ~ ], G4 .45 220 | 33,00 [0+ 44 {146, 22 113. 22 4. 43
) B AT .69 .96 3.00 ~ 2,04 .32 2401 36.00 {105, 13 |147. 18 11118 4 09
i 1 TR .49 . 68 | 3.-00 = 2,32 .23 260 | 39. 00 1105. 61 |147.85 108. 85 3.79
4 il . 34 .48 3.00 2. 52 .16 280 | 42, 00 1105. 96 [148. 34 106, 34 3. 53
| ¥ B .24 < 34 3: 00 ~ 2, 66 11 300 | 45..00 [106. 20 1148 68 103. 68 3. 30
16 e .17 .24 3.00 ~ 2,76 .08 320 48. 00: 11006. 37 {148. 92 100. 92 3. 10
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The reported yields and estimated yield curves are shown for cach
of these experiments in figures 2 to 4. The most profitable rate of
nitrogen is shown on cach curve.

The ability of nitrogen to increase yicld decreases as additional units
are applied. IJor (\\mnple in experiment 10, the 1st 20-pound unif
returncd 22.35 bushels of corn, the 24 16. 76 bushels, and the 12th
about 1 bushel. The cosi of cach unit of nitrogen is the snme—$3 for
20 pounds—Dhut the value of the resulting inereasod yield declines as
successive units are applied.  The value of the inerease in vield {rom
the first vt is approximately 10 times the cost of the unit of fertilizer;
but the value of the inerease from the 12th unit 1s less than half the
cost of the Tertilizer.  As shown in column 5, the relurn above (he cost
of 1 unit of nitrogen, that ig, the value of the inerease in yield minus
the cost of the 20 pounds ol nitrogen, or 3, becomoes smaller unltil the
cost of the unit of nitrogen exceeds the value of the yield i produces.
This oocurs with the 10fh unif, Thisis illastraled in figure 6 wheee the
vadues izt column § of {able 21, or (he marginal relurns, nre plotied al
the midpoint hefween ineroments.

The retorn poer dollar spent for nitrogen iz $1.05 for the 9ih unit,
showing a margin of 3 eonts for cach dollar spent ot the gth wnit. The
10th unit returned ondy 78 coents on the dollar, whiceh indicates o loss
fromy the appheation of this unit. Thus, il is evident that profitable
applicaiion of nilrogen does not go beveond the 9th unit.  Column 6 in
table 21 and the value of additional yield inerease curve in figure 6
llustrate this poinl,

The guantily of nilrogen to apply for the largest nel return is
shown 1o be 172 pounds where the et marginal relurn erosses the zoro
line (Bg. 6). This rale is caleulated By use of the formula on page 28,
The gren between the zero line and the eurve represents the retura Lo
nitrogen applied, and amounts Lo $88.78 per were.

The avernge return per dollar spent for nitrogen {col. 10, tables 21
to 23, inelusive), is o mensure of the profilebieness of total expenditures
for nitrogen al a specific rate. A return of $3.13 per dollar spent on
260 pounds of nilrogen appears {o be profitable but the return per
dollar spent on the 13th unit is $0.33 {table 21). AL the most profitabic
rate of 180 pounds, the average return per dollar is $4.29 compared with
$1.05 per dollar spent for the 9th unit. Thorefore, as the units of
nitrogen applicd arve incressed from 9 to 13 there is an increasing loss
poer dollar spent, The difference in the tolal return per acre is o ioss of
%5.57 between the 9th and 130h units.

CONFIDENCE LIMITS

Inherent in fortilizer-rate experiments are nonidentifiable factors
that vary the experimentlal yields, Therefore, the yield response curve
is only an estimate of the “true” curve that exists, Confidence limits
about the estimated curve provide an indicrtion of what might be ex-
pected to oceur with suceessive experiments under similar conditions.

The effects of these nonidentifiable factors are measured by the
devintions of the ohserved yields from the estimated yield response
curve.  Using these deviations as & messure of variability, an estimate
was made of the variability of thé sample estimates of ench vonstang
in the yield equation about its populntidn value—su, the standard
error of the possible maximum yicld; s,, the standard error of the in-
crease in yield thet might be expecled; and sg, the standard error of
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MEASURES OF RETURN TO NITROGEN

Experiment 10, Ontorio, Oregon, 1952

$ T :
!
120} TOTAL RETURNS 7 .

AND COSTS

Value of total yield increase
‘--_'-—_?__———-—-.-_-

1
Totel return above cast of N .
1

80|

40 anlls
o i e —— === =7 "~ Cost of total application
12 N ;
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[
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Ficorg 6,—Measures of eost and returna from the a&)plicmion of nitrogen at differenr
rates 1o irrigated corn, experiment 19, Ontario, Ureg., 1952,

the ratio of successive increments. (See appendix table 43} The
sampling distributions of the sample estimates are not known, but to
set confidence limits about each constent, the distributions were all
assumed to be normal,

Using equation (17), page 10, confidence limit curves were deter-
mined for several experiments.® They sre illustraled in figures 2 to 4,

% The Hinits pertain {0 the curves angd not to the most profitable rate of applica-
tion. As the rate of nitrogen is assumed to be fixed at eaeh level, confidence limils
cannot be set for the most profitable rates of applearion estimated from the
caleulated curve,
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melusive. Consequences with respect to the change in the rate of
nitrogen applieation that weuld be needed to produce the most profit-
able response at the upper and lower limits, respectively, are presented
in table 24. Columns 4 to 7, table 24, show the results that would
follow: (1) If the upper confidence limit response pattern ({7) were
obtained and the appropriste most profitable rate applied; (2) if the
estimated response pattern (&) were obtained and the appropriate
rate applied; and (3) if the lower confidence limit response pattern (L)
were obtained and the appropriate most profitable rate applied.

Large differences beiween yields estimated by the three curves at
zero application of nitrogen are observed in each experiment, Also,
there are substantial differences betweer the estimated most profitable
rates for the respective curves for cach oxperiment. Likewise for each
experiment there are substantial differcnces between yields at the most,
profitable rate of nitrogen application for (he respective curves., It
1s apparent that the differcnce in yield both at zero application and at
the most profitable rate of application for the respeclive curves for
each experiment would result in some very substantial differences in
both gross income and production per acre. These differences atirib-
utable to variation in the response pattern should not be confused
with the effects of applieation of nitrogen fertilizer. There are some
exceptlions, but in many instances the diiferences between the return
to nitrogen on the estimated curve and on the limit curves are $5 or
less per acre (table 24, col. 7). These differences are caleulated on the
assumption that the response patiern at the limits could be anticipated,
and the rates adjusted accordingly. Obvieusly this is impossible,
and a farmer would be inclined o apply the most profitable rato
caleulated for the estimated or most probable curve and take his
chances on the results that might be obtained.

By assuming applicalion of the most profitable rate for the ostimated
curve, Lhe return to nitrogen is shown in column 10, table 24, for the
upperlimit response paitern, for the estimaled curve response patiern,
and for the Jower limit response pattern. The difference, then, in
return to nitrogen (eol. 7 vs. col. 10, table 24) that might be oblained
anywhere within the confidence limit curves, as prepared in this
report, is in most cases relatively small, as shown in column 10, table
24,

Subslantial differences in vield per acre might be expected, as
indicated by the various yield curves that might occur botween the
limit curves, Differences of this kind caused by variability in the
experiments are minor as they affeel the returi to iilrogen based on
the expected most profitable rate. The variations in (he vield curves,
and the most profitable rates related to conditions (hal differ from
those reported in the experiments, are likely to be more mmportazt in
predicting the yield response to fertilizer than the variability within
an expermment.  Liitle, il any, dala are available (o indicale the
varialions in yield response thal might occur if the experiment were
repeated in different aress and in successive vears. The source of
these varigtions would include elimatic conditions, irrigations, and

SO on,
CHANGES IN THE PRICE OF CORN

. The price of corn is nol constant, and at the time nitrogen is applied
1t Is impossible to foresece what the price of corn will be al harvesttime.
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The effect of changes in price on the most profitable rate of application
and the relurn to nifrogen needs to be evaluated. At a fixed price
for nitrogen fertilizor, the yield eurve governs the change in the most
profitable rate as price per bushel of corn changes.  As the expanential
yvield equation provides & constant rate of decreasing increments,
suceessive unit incercases in the price of corn inerease the most profil-
able rate of nitrogen application at a decreasing rate. For example,
with cach equivalent priee rise of 28 cents from 84 cents per hushel
(20 percent of $1.40 per bushel}, the most profitable rate of nitrogon
application increascs, respeetively, by 20, 15, 13, and 11 pounds per
acre for experiment 10 (lable 25). This relationship differs in magni-
Lude for esch yield curve. Without a change in the rate of nitrogen
applied or the price per pound ol nitrogen, the increase in the retlurn to
nitrogen above ils cost would be propertional to the increase in the
price of corn.

As slown in (alle 25, however, a unil ehange in ihe price of enrn
results in & change in the most profitable rate of nitrogen application,
This change affects the retuen Lo nitrogen slightly more than would
changes per unit in the price of corn alone.  For example, progressive
inereases of 28 cents in the price of corn from 84 cenls a bushel in-
creases the relurn to nitvogen, respeetively, by $22.03, $22.71, $25.14,
and $23.43 (table 25, cob. G). By comparison, these inereases would
he constant at $22.94 for each Inerease of 28 cends above 84 cents in
the price of corn, il the rate of nitrogen applicalion were not adjusted
to thr; most profitable rate determined by each price of corn {table 23,
col. 7).

In practice, it is impossible al the time nitrogen levtilizer is applied
to foresce the exaet price of corn at harvestiime.  What, then, is
the effect of an inaceurale estimate of the expeeted price af cornon the
return to nitrogen above its cosl?  Ixclusive of the direet offeel Uhat
devinfions in the sale priee of the crop have on return, as illustrated
above, there is an additional Joss in return,  This loss is due Lo in-
accurale foreensting of the price of corn, and henee to the application
of nitrogen al other (han the most profitable rate.  These relation-
ships are shown in (able 25, The return to nitrogen s reduced Jess
than 25 cents per acre when the actuaf sale price is 28 conls above or
below the predicied price on which the mosl profitable raie is calou-
lated.  If the predicied price is highoer than the actual price, the redug-
Lion in return s venl beeause of overapplication; but it the predicied
price is lower U (he actual price, the reduction Hes in tie potential
retien that might have heen abtained by the higher rate of application,
When the difference between predicted price and actual price is 56
cents a bushel, the return o nitrogen 18 reduced Jess than $1.15 per
nere, Reduetions in retorn fo milvogen are smadler Tor “overesli-
mates” of the priee than for “underestimates’ of an equal amount,

Thus, the return o nitrogen is affeeted only stightly when, hecaose
of inaccwrnte estimates of the expeeted price of corn, e quantity of
nitrogen applied fo the crop deviates from the mosl profitable rate,
These resulls are based on the sssumplion thet (he exoet relntionships
expressed by the estimated corve are obitained.

Details of computations illustrating resulis when the rate of nitrogen
apphivation is not adjusted o changes in priee are shown in table 24 for
experiment 10, Applieation of 17246 pounds of nitrogen, the most
profitalde rale when com is $1.40 per bushel, represents an over-
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TaBLE 24.—Effect of 67-percent confidence limit curves on. most profitable rate of nitrogen and on return to nitrogen,
wrrigated corn-nitrogen rate experiments, Oregon, Washington, and Nebraska, 1947-63

Results from appiication of the most profitable rate of nitrogen for the upper curve, the cstimated curve,

and the lower curve

Resuits from applieation of the most profitable mte of nitro-
gen from the estimated curve on the upper curve and on
the lower curve?

: ITIRAN A Yield at 0 § Yield it most

P20 B

! ger"('félgcd c}.;‘;’,‘c‘ll appileation . profitable rate
of nitrogen | of application 2

Experiment

@ : 6 6}

i

Most pr()ﬂrmhle

rate of
application

{6

Return'to
vitrogen at
most profitable
rate 2

4]

Yield at most Diffetence:

profitable rate. | Return to | inreturn

for estimated nitrogen 3 to
curve nitrogen 8

()} () (1) (1

Most profitable
rate for

estimated curve

Pounds Bushels Bukhels
56. 130

56 ]
44, 123.
32. 116.
115.
108.
97.
121,
109
95.
114,
113,
98.
150.
142,
135.
112,
107.
100,
111,

108. 0
113,

992,
118,
105,

Bl N B

OO — DI TTSIID DD 00 00 U0 00 00 00 DD i T ik i  ON

O N= D= O TN WIWOHn

WD CIWOoOUISTN LN

WD LO=OIND

=

Dollars
78:5

Poundy Buehcéa2 Dollare Dollars
1 A

191.
191. 123.
191, 113.
116. 120.
116. 108.
116. 87.
143, 124,
109.

143,
143. 89.
106. 116.
106, 113,
106. 93.
172 151,
172. 142,
172, 132,
101. 114,
101, 107.
101, 97.
105. 112,
105. 109.
105. 106,
- 89, 115,
103.

89.
89. 88.
121,

132.
132. 105.
132. 78.

. 30
. 30
.51
.64
.92
. 56
. 54
41

. 40
T42

L 92
.01

.22
.29
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MoV

MV,
29

SD.. ..

147,
151
140.
131.
128,
122.
114,

NODJONPHSTWIHIDODNCHE O WO NN D

0TSO O 20 I 1D N D 0D 0D ~T O 1= U0 ~F Tt O = £ 8D 2D ~T Tt =¥

84. 06
93. 16
9‘.‘» 8“;

132, 145. 5
182 130. 3
182. 109. 8
180. ¢ 163. 8 55. 60
180. 143. 4 65, 06
180. 112,0 60. 92
5. 108. 1
95. 96. 39. 7¢
95. 72. . 01 ;
140. 131. 10. .28
140. 110.
140.
147,
147.
147,
1G9,
1G9.
169,
106,
106.
i 106.
132 274,
139. 274,
137. 04 274,
tQ7. 45 167,
116, 167.
123. 13 167.

S

DWO

136, 4 | 79, 06 .78
127. ,

L16, 4 10
[51. ¢ . .30
138, )
125, X .28
175. ¢ 90
162. 4
139. 15
152, 4 | 13L ¢ . 60
140.

1265 | 135. ¢ .07
130. 3 | 106. 30 .15
122.0 | 116. 24
110.8 | 12212

o, =0

WO

SN LT O TR HOOT O

O -

L0l

L E=cstimated curve fitted - to reported yields; U==upper
limit.of 67-percent, confidence curve, based on estimated curve:
L=lower limit of 67-percent confidence curve, based on oesti-
mated curve.

2 Most - profitable rate of nitrogen application per acre with
corn at $1.40 per bushel:and nitrogen at 15 ¢ents a pound.

3 Value of increased yield minus. the cost of nitrogen applica-
tion at most profitable rate,

* The estimated curve represents the most probable yield situa-
tion and hence application of the wost profitable rate for this
curve is assumed, - If either theupper or lower curve-of the con-

fidence limit materializes, then the incorreet rate has been usod
and results altered as indieated in this section.

& Return to nitrogen for each of the respeetive yield curves,
when the most profitable rate of application for the estimated
curve is assumed.

¢ Difference between retuen at the mosh profitable rate on the
respeetive curve and the return st fhe - most profitable rate of
application for the estimated curve confidence limit curves. In
each case the difference is a deerease in return to nitrogen beecausé
the rate applied was not the most profitable rate for the'specific
confidence curve. . Compare columns 7 and 10,

T Computed yieclds were negative on lower limit curve,

87. 4 ¢ .15
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TaBLi 25 ——Relatwn oj price of corn to the most proﬁtable rate of nitrogen application and to return to natrogen per- acre,
experiment 10, Oregon, 1952

Price of corn per
bushel (dollars)-

Most profitable rate
of nitrogen appli-
cation !

@

Cost of nitrogen at
most profitable rate

3

Increase in vield at
most profitable rate 2

3

Value of increase
in yield

&

Return to nitrogen
at most profitable
rate 3

(%

Return to nitrogen
at 172,46 pounds 4

Q)]

Difference in return to
nitrogen between appli-
cation at fixed rate and at
most profitable rate

®

Pounds
137. 26
156. 98
172. 46
185. 16
196. 16

Dollars
20. 59
23. 55
25. 87
27. 77
20. 42

Bushels
77.

80..06
81. 93
83. 18
84. 09

Dollurs
64. 68
89. 67
114. 70
139. 74
164. 82

Dollars
44.

66. 12
88. 83
111. 97
135. 40

Dollars
42. 9!

65. 89
88. 83
111. 77
134. 71

—1.14
—.23
0
—.20
—. 89

1 Most ‘profitable rate of nitrogen application per acre when

nitrogen is $0.15 a pound and corn is indicated price.
2 Yield without nitrogen=60.76 bushels.

‘ Rate of nitrogen application per acre is held constant at
17246 pounds per acre, which is the most profitable rate when

corn is $1.40 per bushel.

Cost of nitrogen ($0.15X172.46, or

Ovy .

3 Return per acre to mtrogen above its cost, that is, value of

$25.87) remains unchanged, as does increase in yield at 81.93
increase in yield minus cost of nitrogen.

bushels per acre. - Difference in return to nitrogen above its cost
is due entirely to the price received for corn.
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TaBLE 26.—Loss in return to nitrogen when. rate of application remains constant as price of corn changes, experiment 10,
Oregon, 1952

Most: profit-

able rate of

nitrogen ap-
plication

@ @3 ) ) (®) ) Y] (9) 10)

Yield at most
profitable
rate of appll-
cation

Difference
QOver (+) or in cost of

under (~) .
application 2 mtr?ﬁ%‘d ap

Yield; from
172.46 pounds
of nitrogen

Nitrogen ap-
plied per
acre !

Difference in | Value of differ-
yield ence in yield 3

Loss in return
to nitrogen ¢

Price. of corn per
hushel  (dollars)

Bushels
137. 76
140. 82
142. 69
143. 94
144.85

Dollars Bushels Dollars
142. 69 +4, 14
142. 69 +2.09
142. 69 0 0
142. 69 —2.10

142. 69 —4. 23

Pounds
172. 46 +35. 20 -+5.28
172.46 +15. 48 +2.32
172. 46 0 0
172. 46 —12. 70 —1. 90

S 172.46 | —23.70 ~3.55

Pounds
137. 26
156. 98
172. 46
185. 16
196..16

Pounds Dollars
1

(col. 9). A direct loss occurs when corn is $0.84 and $1.12 per

1 Held constant at all prices of corn. - This is the most profit- :

able rate when corn is $1.40 per bushel.

2 As compared with most profitable rate.

3 Between yield at most profitable rate and yield at 172.46
pounds of nitrogen at each price of corn. )

4 This is the difference between the difference in the cost of
nitrogen applied (col. 5) and the value of the difference in.yield

bushel, as the additional yield will not pay for the 172,46 pounds

of nitrogen.. When corn is $1.68 and $1.96 per bushel, an-in-
direct loss occurs, as the additional nitrogen that should have
been applied would have produced enough additional corn to
more than pay the cost of the additional nitrogen.
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application of about 35 pounds when the price .of corn drops to 84
cents & bushel. This represents an overexpenditure of 85,28 per aere
for nitrogen. But this overapplication produced an increased yield of
4.93 bushels, valued at $4.14, so the reduction from potentisl return is
only $1.14 per acre even though the rate of application was not ad-
justed from 172 pounds to 137 pounds per acre.

CHANGES IN THE PRICE O NITROGEN

In actunl practice, the price of vitrogen is a variable, and it may
affect the most profitable rate of application and the return to nitrogen.
With the price of corn constant al $1.40 per bushel, a change of 1 to
3 cents & pound in the price of nilrogen results in relalively small
changes in the most profitable rate of application per acre (table 27),

TaBLE 27.—The effeet of price per pound of witrogen onthe most profitable
rate of nirogen application per acre and on inereuse w yield of ir-
rigated corn

MOST PROFITARLE RATE OF NHROGBEN APPLICATION !

'
{ Priee of nitrozen per nouad
1
i

Experitnnnt I = o
13 conts i Ugents 15 eenls Weents 17 centy 18 cents
Fanudy J} Poumds  Pounds Penaefs Fos miky : Pownds
2 0. - . .51 197. 8, 190G t86. 1 . I181.0G - 176 2
T eo.- 154 G L 49.0 ) 143. 9 138 ¢ ! 134. 4 130 &
w0 ... . 183. 07 1T 4 1725 0 {636 1643 160. 3
£ P 6.7 1088, 1012 986 96.31 941
128 . e aaal.. 84 1 9L G 80.0 : 8.2 83.6 8i.1
27: i i : i '
MY 193. 1 | 187.6 0 18251 (778 17381 1661
2 ! :
Sidedressed . __ ... 1658 | 1516, 147.7 1440 1406 0 137.4
Sideplnced . __. - .| 1839 #76.7 ! j68. ¢ 1637 157. 8 152. 2
30 .. 114, 1 HIoL 30 1.7 0 1084 10003 - 97. 4
32 ___. A B 1 1 28L. G 0 274,20 20671 . 260.4 0 2541
Bl___... St 1724 | 168. ¢+ 167.7 | 160.4 1569  133.7
INCREASE IN YigLp!
e e [,
Bughels | Buskels ' Hughely Bushels 1 Buslels l Bishels
2 e oo 80. 2 79.6 ¢ 9.0 78 4 77.8 1 i 2
L el 47, 4 445. § 46, 3 45 B 45. 2 44,7
108 .. 82. ¢ 82. 4 81. % 81. 4 83. 9 80. 4
A 52, 6 32. 4 2. 1 51. 8 51.5 51,3
P2 el 82. 4 32. 1 3.8 31. 5 31,2 30.9
27:
MV L. 87.2 86.7 86. 1 85. 6 85.1 84.6
29:
Sidedressed . _ _ _. - 77.2 76. 8 76, 4 76.0 75.0 75. 2
Sideplaced__ ... .. 4 506 49, ¢ 45, 2 48. 5 47. 8 47. 1
14 2 73. 8 73. 4 731 72. 7 72.3 72. 4
S - S 130 5 20.7 129,01 128 2 127, 4 126, 6
£ 3 S 10, 4 iGl. O 8.0 ' 160.2 i 9%, 8 09 4

* Most profitable rate computed at $1. 40 price for corn.
z No PO, applied.

¢ For explanation, see {able 7, fooknoke 2,

# Tuerease in yield over no application of nitrogen.
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For most of the experiments & change of 3 cents a pound in the price
of nitrogen alters the mosi profitable rate by only 10 to 20 pounds
per acre. The change in yield is relatively smell as the most profit-
able rate is adjusted to the price of nitrogen {table 27). As the
price per pound of nitvogen increases the most profitable rate de-
creases: but the total cost per acre of the application of nitrogen
increases, and the value of the yield per acre decreases (tables 27 and
28). A decrease in the price of nitrogeu produces opposite cffects.

TaprLe 28.—The effect of price of nilrogen per pound on the cost of
nitrogen per acre, and the value of the 1nereased yield af the most
profituble rate of nilregen per acre en irrigated corn

COET OF NITROGEN PER ACRE!

Prige of nitroEen por pound

Experiment —
PO s 11 cends 15 epnls 1 ¢enta iV cents 18 cents
fratiurs Mellars fioflers Doitare Dpltary . Dollurs

2 e memmmaann- 24, 48 27. 62 28. 74 26. 78 377 31.72
[ T 24. 10 20. 86 21. 58 22 22 22 85 - 23. 42
102, immmeaa.-. 2378 24. 91 25. 88 26, 98 27.93 28. 85
it L. __... . 138 14 53 15. 18 15, 38 16, 37 16, 94
12 L.l 12, 36 12,87 13.35 13. 79 14,21 14, 6
27: : .

ALVA_L L 25,18 26, 26 27.38 2845 29, 46 30. 44
24 ]

Sidedressed___.. . 20,25 21,22 2214 23,04 2390 - 2473

SBideplaced.. . . . 23. 91 24, 74 2348 26,19 33, 83 27. 4G
30 ... ... .. 3483 10 4 16, 00 10, 54 17.G5 17.53
b 37.73 39,17 41.13 42, 7 44, 27 45, 74
F 22 41 23, 03 2516 25. 66 26, 67 ) 27. 67

VALUE OF INCREARBDR YISLD PEH AMCRE

9 ___ ... 11228 L4 110.G0 0 109.76 108,92 . 108.08
A e GG, 36 $a. 52 G4.82 . 6402 7 63,28 62, 58
162 116,08 115836 11466 1iA 00 113 20 112, 56
[ 73, G4 73. 36 72 04 7292 7240 7182
AU 5 0 11 S & Mt & 44,52 0 J4010 ; 43, G8 - 43. 26
n=. : . :

MiVeo .. S 1322,08 012138 120,54 ¢ 119. 84 1 119,14 | 148 44
29; i { !

Sidedressed - - - .. 1 108, 68 16752  j00.96  106. 40 . 105. B4 10528

Sideplaced.._. .1 70.8¢ 69.80 ° 08 8% . O07.90 §6. 92 65. 94
3. ._. . 103,32 10296 192 34 . 161, 78 104,22 100, 80
82 .. . . .. CI82.70 181,58 180.60 17048 (TR 36 0 17T 24

1] SR .. 141,90 24140 1410400 140,28 136,72 - 13816

i i

t AL the most profitable rate of applivation per acre with nitrogen at the in-
dicated price per pound.  See tabie 19 for pounds of nitrogen per sere and bushels
of Inereased yicld of ecorn,

2 N0 Polds apyiicd.

8 For explunation, see table 7, foolnote 2.

The return to nitrogen decreases as the price of nitrogen increases
if the rate of application is adjusted to the higher price (table 29).
The return also decreases as the price of nitrogen ncreases when the
rate of application remains constant (table 28). The differences
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between the return to nitrogen for a constant rate of application de-
termined at a price of 15 cents & pound and the return to uitrogen for
a rate of application that is changed as the price of nitrogen changes
are very small {tables 29 and 30).

TasLe 29.—Relurn to nitrogen when nitrogen is eppliecd at the most
profilable rale according to price per pound, and when the rate of
upplication remains constant regardless of actvwal price '

AT MOST PROFITABLE RATE OF APPEICATION

] Meien Lo nitrogen when priee of nitrogen per poundd is—

Experiment

i 13 cents ; 1 oeonis ‘ 15 cents l 1G eents : 17 conils : 18 cents
i Doflarx Doftars Dotlurs i Doltars Dollars Dollurs
b P i 85. 84 83. 88 SL43 U 8005 78. 22 70, 43
T2 e emea e 4G. 22 444, 70 43.23 1 41,82 40. 45 39. 13
102 ea-- 92.32 1 00.54 ) 88.83 % S7.05| 85 28 83. 77
112 L. 659.80 ; 58 74 57.71 . 56.721{ 5573 5d. 70
123 .. 32. 07 32.03 3112 30, 24 20. 39 28. 58
27: :
QMIV, Y e 96.04 | 9505 93.19 ° 91.38| 80. 64 37. 02
29 )
Ridedressed_._______ 87. 90 86. 36 8L 87 ¢+ 83 41 81. 908 §0. 60
Sideplaced. ....._! 47.01 | 45.12 | 42,35 41811 40.20 | 38 64
30 .. ©30.95, 38841 37 74 { 36.70 | 33 G9 34. 70
32 VM09 T 14257 0 139047 1 13G. 68 | 134, 01 131 44
Blac o LON9.60 0 117.91 1 116,24 ¢ 11 61 [ 113,03 | 11147
’ | : :
AT CONSTANT RATE OF APPLICATION !
i
22 .. [ 85.77 | 83.85] 81.03| S0.01 ) 78.09| 7617
T e aea .. tod I 4. G7 13, 23 d1.79 0 40. 35 38. 91
1002 e © 0237 1 90.53 7 88.85 | 87.07 . 85 33 83. 67
B U P50, 73 88. 72 87. 71 56.70 55,69 54. 68
122 el 32,90 32. 01 3l. 12 30. 23 * 29. 34 28. 45
27: i
L 96.83 | 9501 93.19| 91.37; 80.55| 87.73
29: :
Sidedressed. .. __. ... 87. 83 8G. 35 84, 87 83.30 ] 8. 80. 43
Sideplaced .- ....._. 46. 86 45. 15 43. 45 41, 75 40. 05 38. 35
N - L - 38. 8L 37. 74 36. 47 1 35. 60 34. 53
32 oL 144095 | 142,17 | 139.47 | 136.G7 . 133. 99 131. 25
5 ... [ 119,85 | 11787 | 116.24 { 114. 56 l 112.88 i 111,20
F 1

" In this instance, the eonstant rate for each experiment is the wost profitable
rate of appliention when nitrogen is 15 cents a pound.

? No %0 applied.

? Ior explanation, see Lable ¥, footnote 2,

RESPONSE UNDER VARIED CULTURAL CONDITIONS

Many different cultural conditions oceur in the areas in which
nitrogen is applied to corn. Some of these conditions that affect
yields ave use of nutrients other than nitrogen, previous use of com-
mercinl fertilizers, use of legumes in the crop rolations, levels of
moisbure applied, and plant populations. The eflect of these condi-
tions on the response Lo nitrogen varies. The study of nitrogen alone
will not provide the answer Lo situalions in which other conditions
vary. Experiments are analyzed in terms of the varying returns to
nitrogen under each type of sttuation.
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TaBrLe 30. —Loss in return to mnitrogen when the rate of application
rematns constunt and the price of nilrogen changes !

Loss in return to nitrogett when the price of nitrogen per pound is#—
Expatiment . 7
13 eants H conls i. 15 cents 15 cenis 17 cents 1 15 cenis
Dultary Ballurs Lallars Deliary ‘ Doliars } Dolinrs
2 e ___ 612 0. 03 O o 04 13 0. 26
& .11 .03 0 .03 ! .10' .22
0% ... .05 .0t 0 .01 .00 .10
R .07 .02 0 .02t 04 T
‘1)25 _________________ .07 .02 0 01d Lo .13
27
MV .. 11 04 o .01 I . 0% .19
29:
Sidedressed________. .97 3 ] .02 1 .07 .17
Sideplaced .. .. ... LIk . D6 ] .06 .15 .29
L 4 .07 a3 g .83, . Q8 )
82 . : .04 00 0 .01 .92 i5
S .05 03 of o3l 15 27
. +

t In this instance, the constand rate for each experiment is the most profitable
rate when nitrogen is I5 cents & pound,

* Difference bebween the retura bo nitrogen when the most profitable rate ab each
price is applied and when the mwost profitable rate af 15 eenfs o pound is applied
regardless of actus) price,

3 No P05 applied.

+ For e\plmmt:on, sog table 7, footnole 2,

TECHUNICIAN-CONTROLLED VERSUS FARMER-CONTROLLED
EXPERIMENTS

At Qutarto, Oreg., several experiments were conducted at the
Malbeur Experiment Station anci on different farms.  Technicians
controiled the experimental faclors that were studied in experiments
8, 9, and 10. 1n other experiments, farmers controlled the cultural
practices with the recording ol farmer operations, harvesting of plots,
and collection of other data performed or supervised by Lechniciaus,
In general, vields were higher at the most profitable rates of applica-
tion of nitrogen in technictan-controiled experiments than in farmer-
conbrolled cxperunents {table 31 and fig. 7). The returns to nitrogen
varied widely.

Although, in general, yields both with and without lertilizer were
lower for experiments in which cultural operations were conirolled by
larm operaters, the reburns Lo nitrogen were substantinl (table 31},
If the yields on farmor-contrelled fiolds could be raised to the goneral
level of top yields for the techniclan-conlroiled experiments, the return
to nitrogen for farmer-controlled experiments could probably be in-
croased considerably. The problem is how to decide which, if any,
cultural practices would enable the [arniers to obtain the luo‘het yields,

EFFECT OF 10 ON YIELD RESPONSE TO NITROGEN

Additionsl Py(Q; fertilizer is not needed for production of corn in
the weslern irrigated areas, necording to existing evidenee. However,
several e\pcnments at Ontasi w0, Oreg., were conducted to delermine
the effect of P.O; on yield response to nitrogen.  In cach, the response
Lo nitrogen was measured on plots with an application of 160 pounds
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Technicion vs. Farmer Expecriments

CORN RESPONSE TO NITROGEN

BU. PER ACRE
140
120

100 —
80 -
; ©  Most profitoble rate *

60 e — Tnchnicion ~
Exp’- -— e Farmer -4

A0 | ! R GO S
0 50 100 150 200 250 300
LB. N APPLIED PER ACRE

ONTARIG, OREGODA DN AT 15 MER LE. CORM 4T S[40 PER BUINEL

U S DEPARTMERT OF AGRICHLTURE HEG. $3(5)- 927 AGRICULTURAL RESEARCH IERWICE

Flevne 7.—=Yield response corves and the most prolitable rate ol nitrogen application,
irfizaled corn-sitrogen rate experiments on farmer-controlied plotz and o
teelmician-controfled plaes,

TanLe 31, Juercase in yidd per acrc and return o nitrogen, tcchaician-
cont dled and farmer-conirolled crperiments, Outario, Oreg.

* Yioki st nrest . Most profit-

Yieklnt 0 fighi : y . '
Bxperiment . :)]:i:l]{:;é‘}l:m : IIE‘E:S;{;:;:' : me;ri'ﬂﬁti- TR E')li;:\-E f&ﬁ%fg .’lzlic.{:;ggsn.?
npplication - Bpiteation
!

Controlled by lechnicians: Huakcofs | Hishels .131123!“:!3 . Pomuds Dollars
T T : i1 133.4 ¢ i, FitAn | 18, 40
9. e 8161 1354 | 40,87  110.0 . 4062
tinz . ; 60. 8 I 2.7 8.9 i72.5 ) 88. 78

Uontrotled by faruors: l 79 o - ; 6
23 .. ;l 108. 7 8 16,7 © 67. 62
2 el e 4.4. d 123, 4 7e 0 191.6 ¢ 81. 86
S I 5.8 10791 521 1012, 5776
12 .. .. e 7i.3) 103, 1 3L 8 849.0 3T
|1 . 0. 2 I 107. 3 17.) 92 0 10, 14
Y ._L 634! 04U 7 45, 3 143, 0 43, 24
l .

! Difference between value of inerease in vield of coru at $1.40 por bushel, less
cost of nilrogen al 15 conts o pound applicd at most profitable rabe.

¥ On farmer™s ticid, but essentindly controlied by Lechnicians,

3100 pounds of Q) per sere also applied.

of P.O, per ncre and on plols with no PuO;. Between these two levels
of PO, the diffevences in average vields, for all levels of nilrogen, were
within the range of yields that could have occurred by chance (5).
Economic analysis bused on Lhe response eurves Lo nitrogen shows 3




ECONOMIC ANALYSBIS OF FERTILIZER RATE EXPERIMENTS 47

experiments with a greater return to nitrogen when Py0; was not
applied and 3 experiments with a greater return to nitrogen when
I’eoslwas applied (table 32). The differences, however, are relatively
small.

Tasue 32 —FEffect of phosphate fertilizer on the return to nifrogen al the
most profitable rale of nitrogen application, Onturio, Oreg.

: N
f . Yield ot lnc.lsl. Afost proflt-
Experiment 1 4 n|l:::1(i)t;l : }{lli?l;(tlagghln ) |J%olftitl‘.¢ lnl;k l"”{-ﬁ’ﬁf " “lf,'{ié!{f&fr :I'.{iilt'gsr;gul?
Per ucre application [ m';'ilﬁfgfﬁ'.;n applicngion
Pounds Huthely | Fushels fuahicks Paunds Pollars
b S g! 44, 4 .! 123. 4 79.0 191. G 81. BO
100 47. 9 103. 7 60. 8 16,7 G7. 62
[ i 81,4 - 106. 8 25. 4 100.0 20. 56
100 89. 8 ° 112.3 22,5 92.0 17. 79
Y ] 55. 8 ! 107. 9 52. 1 101, 2 57. 76
100 G2. 9! 109. 8 44. 9 105. 0 49, 91
Tl 0 63.4 1  109.7 46. 3 143. 9 43.24
100 58.4 | 113. 7 55. 3 106. 7 fil, 42
12 . 0 7.3 | 1081 31. 8 89, 0 31,17
100 64. 8 1051 30. 3 132. 8 36, 50
13 . (] 90.2 ¢ 107. 3 | 17.1 92. 0 10. 14
10Q 8.7 106. 1 F 24,4 82. {1 21. 86
]

1 Bee oppendix table 40 for details of cael experinent.
* Difference between valuc of increase in yield of corn al $1.40 per bushel, less
cost of nitrogen at 15 cents o pound applied at inost profitable rate.

Ouly in experiments 7 and 13 were the increased returns to nitrogen
sufficienl to pay the cost of the 100 pounds of P.Os applied per acre
(fig. 8). IExperiment 7 was conducted in the same field bul not on
the same plots as experiment 2 in the previous year. The return to
nitrogen was $18.18 more with the use of 104 pounds of P0; in
experiment 7 tn 1951, but for the previeus year the return to nitrogen
was $14.24 more with no PyO; in experiment 2. In experiment 13
the return to nitrogen withoul P.0; was $10.14; with P.O; it was
$21.86. In this instance, the margin above the cost of 100 pounds
of P,0; is $2.72 per acre {fable 32).

PREVIOUS FERTILIZER PRACTICES

Legume cropping—Legume crops add nitrogen {o the soil. Addi-
tion of nitrogen following legumes may nel increase erop yields ina-
terially, AL Outario, Oreg., addition of nitrogen did not increase the
yvield of corn following alfalfa in the three experiments for which alfalfa
was the preceding erop.  The yield withoul nitrogen was 111, 124, and
131 busliels per acre, respectively, for experiments 5, 6, and 1 (table 2}
In experiment 8, also af Ontario, corn planted after bariey, which
had followed 3 years of allalfa, yvielded 133 bushels at the most profit-
able rale of 76.1 pounds of nitrogen per acre (fig. 9 and table 33).
The inerease in yicld was 21.3 bushels and the return to nitrogen
was $18.40.  Sixty pounds of nitvogen had been applied to the barley
crop.

At Moses Linke, Wash., experiment 30 was conducted following 3
years of wlfalfa which bad been seeded on virgin soil. The yield of
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PHOSPHATE FERTILIZER

Effect on Corn Response to Nitrogen, Ontorio, Oregon

BU. PER ACRE
100 T EXPERIMENT 7
80
&c

NoP,0, 100 b PO,
— e w—Eatimptad yialda
» & Reparted yields
@] & Mast profitable sate®

EXPERIMENT I3 &

50 100 150 200
LB. N APPLIED PER ACRE

L)
M AT 154 PER LB, CORM 4T X140 FER BUIHEL

U. 5. DEPARTMENT OF AGRICULTURE HEG, 55(3)-901 AGRICULTURAL RESEARCH SERVICE

Ficure 8—Yield respouse curves, reported vields, amd yield at the most protitabie
rute of nitrogen application, indicaiing the eflert of P05 on yield cesponses,
irrigu'tt'd corn-uilrogen rale experiments, (htlurio, Urtrg.

ALFALFA

Effect on Corn Response fo Nitropen
BU. PER ACRE .
160 | exp1. 30

(MOSES LAKE,
SH.) i
]40 L O Most prohidble rate *

* Reported yield

()

120}
40 80 120 160

M
..—-—"""o'—__.

140 —Expr. 8
[ONTARID, DREG.)

e ]

0 50 100 150 200
LE. N APPLIED PER ACRE

® W AT 55 PER LA, CORN AT 1140 PER BUIHEL

U. 5. DEPARTMENT OF AGRICULTURE HEG, 55[5)=P8c AGRICULTURAL RESEARCH A\ERWVICE

Ficure 9.—Yirld respouse curves, reported yiclds, and yield at the most profitable
rate of nitrogen applied for irrig‘z‘ued corp—nilrogen rale experiments following
3 years of ulfau at Moses Lake, Wash., und Qutario, Oreg.
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TaBLE 33.—Increase in yield per acre and return {0 niirogen on irrigated
corn following a legume crop, Ontario, Oreg., and Adoses Lake, Wash.

Yield nt 0 !Yielgﬁat {‘ziost: AL fit
. Yield o ioprofitslle ¢ opLoa e P Mostprofit- | poe o g
Ex 1 i + I 313 i =
porimient m;;?é’;lii]o:‘ : nilr_{}:;cc[?fnp- ; yield ﬂzﬁ?&éﬁéﬁ: ?f nitrogen 3
i plieation
Bushels | Bushels Bushels Poupds Doilurs
§: ______________________ 1121 133. 4 21.3 7G. 1 18. 40
I
AV Q48 .. S 44. 2 130. 3 86. 1 i82. 5 G3. 16
MV (1948, oo .. 75. 9 133, 4 86, 5 180. 8 55, §h
M.V (1048)y ... 57. 6 90. 2 { 38.6 95. O 39. 79
MoV (J048) ____ .. ... 80. 8 11Q. 8§ 80.¢G 140 8 20. 88
27 +28: i
MV, (1348-49) . E 062. 8 166, 7 143. ¢ 182. 5 118, 08
AfiVa (194840, ... t 91, @ 2144 122, 5 180. 9 J44. 36
ALV, (104840, . i 83.3 126. 9 43. 8 85.0 46. 78
MoV 104849y ... , 103.8 177. & 3.8 140. 8 82.13
30 e | 241 162 ¢ i 38 3 106. 7 37.62
1

i See appendix tables 40 and 41 for details of experitnents and tables 2 and 9
for yvields. M,=S§ irrigntions 1048, Af»=3 irrigations 1848, Vy=noc veteh 1948,
Ve==winter veteh plowed under before corn.

* As computed from first-year responsc,

3 Difference bebween value of increase in yield of corn at $L40 per bushel,
less cost of nifrogen at 15 cents a pound applied at most profitable rate.

corn without nitrogen was 124 bushels per acre. The yield was -
ereased 38 bushels by the application of nitrogen al the most profitable
rate, 107 pounds per acre (lable 33). The relurn to nitrogen was
$37.62.

Tn experiment 27 at Moses Lake, Wash., nitrogen was applied with

and without & cover crop of winter veteh plowed under before the corn
was planted in 1948 (table 7 and fig. 10). The following year in
experiment 28 all plots were given adequate rrigation water, but no
additional fertilizer was applied. In 1048, veich increased the yield
on the plots about 33 bushels (iable 33), Nitrogen al the rale of 180.9
pounds per acre ncreased ¥ields an additional 66.5 bushcls per acre,
and the relurn Lo nilrogen was $65.96. The return to nitrogen
($65.96) phus the value of the increased yield (33 bushels at §1.40 per
busbel), with no application of nitrogen when corn followed a veteh
cover crop, totaled $112.36 compared with $83.16, which is the return
to nilrogen on corn grown withoul # cover crop, A difference of
$19.00 is available to pay the cost of 8 cover crop above the retwrn to
nitrogen withiout cover crop (table 33).
* The response to nitrogen at the low-moisture level (Afs) was more
susiained on the plots that followed veich than on the no-vetch plots.
Evidently the vetch cover crop inercased the available moisture at
planting time. The sustaincd yield is reflected In a most profitable
rate of 141 pounds of nitrogen for the veteh plots, compared with
95 pounds for the no-veteh plots.

The combined yields for 1948 and 1949 show that the check plots
{no nitrogen), preceded by the wveteh cover crop had a 29-hushel
greator yield than the check plots without veteh. The return to
nitrogen was $144.36 for the check plots following a velel cover crop
compared with $118.08 for plots on which the cover erop was not
grown, or & difference of $26.28.
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LEGUME COVER CROP

Effect on Corn Response to Nitragen, Moses Lake, Wash.

BU. PER ACRE pip————
gm—
Veich e =T
100 -~
F &,

80 B
o Most profitable rate *
60 REPORTED YLELDS -
e Veich
& None

2] S I (S U R W
0 40 80 120 160 200 240
LB. N APPLIED PER ACRE

T IRRIGATIOMNI W AT 75¢ PER LE., CORW AT Il.40 PER BUSHEL

U. 3. DEPARTMENT OF AGRICULTURE HEG, 35 [51~985 AGRICULTURAL RESZEARCH SERVILCE

Ficure 10 —Effect of a vetch cover crop on yicld response curves, ceported yields
and vield at the most profitable rate of nitrogen application, irrigated corn-nitrogen
rute experinent 27, Moses Lake, Wash.. 1948,

The value of the inerease in yield with no nitrogen and no cover
crop (29.J bushels at $1.40 per hushel) amounted to $40.74. Thus,
there was o total increase of $67.02, which might be considered as
available to pay for the veteh cover erop. This is in addition to the
return to nilrogen of $118.08 per acre, when applied without the
benefit of the cover erop {lable 33). An additional benefit of winter
veteh is the control of wind erosion, However, this analysis was not
designed to evaluate this benefit.

Commercial feriilizer history~~The use of commercial fertilizer in
years preceding production ol corn may affect considerably the yield
response to nitrogen. At Ontario, Oreg., commercial fertilizer was
applied in small quantilies in the year preceding corn on only two of
the experiments conducted on farms (appendix table 40). Three of
the experimenis conducted at the experiment station were on soils
that had grown row crops in the vear preceding the experiment, and
on which 40 1o 60 pounds of nitrogen had been applicd. Data on the
fertilizer history of the experimental sites are so limited that they are
of relatively littic value in evaluating the residual effect of commereial
Tertilizer.

Manure was not applied to the crops that immediately preceded
corn in any of the Oregon or Washington experiments studied. Pre-
ceding the initiation of experiment 52 in Nebraska, the plots had been
ireated with manure annually for several years.

The cropping history of plots on which experiments 54 to 57,
inclusive, were condueled included short rotations of row erops. Small
guantitics of nitrogen and P.0; were applicd Lo crops preceding experi-
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menis 54 and 57, Preceding experiment 55 there were no practices
for maintenance of fmli]jty but in experiment 56, 12 tons ol manure
was applied every 2 or 3 years. Corn was grown continuously from
1912 on 2 Iephcnt.lons and & sugar becl-potato rotation from 1912
to 1949 on 2 replications prior to experiment 58. In this experiment
half the plots were treated wilh 12 tons of manure in addition to the
nitrogen.
MOISTURE LEVELS

Adequate waler is essential to enable corn to utilize nitrogen most
effectively. In a few experiments, the quantity of water apphcd by
irrigation was varied to study the yicld response to nitrogen under
different levels. In experiment 26, the quantity of mtmgen applied
was 50 low that (he estimated ]{"SpOIlS(‘ curve did not include (he
estimaled most profitable rates of application (tables 5 and 20). The
difference in return (o nitrogen at 400 pounds per acre nnd at the most
profitable rate for any one of the A, (5 irrigations) or Afy (8 irrigations)
treantments would bo vory small. The most profitable rate with the .S,
spacing for the Af; (11 irrigations) (reatment is approximately 100
pounds smaller than lor cither the Af or the Afy treatmoent.  With the
S» spacing the most profitable rate is much greater for the Af, (11
irrigalions} (reatment, than for ¢ither the ﬂf-. or the AL, treatment
with the same Q]m(mp’ These differences for the Af, treatment are
nelther consistent with the other 4 most profitable rates for this experi-
ment nor with relationships shown in experiment 33 (tables 6 and 20).

Differences in the most profitable rates between the Af; (15 irriga-
tions) and A, (13 irrigations) (reatments were small in experiment "33
{tables 6 and 20). Lower most profitabie rales were obtained with
the S, and 8, spacings.  This indicates that Jack of moisture limited
the response Lo nibrogen.  The relurn to nitrogen was not computed
because no zero nitrogen rales were included in the experiment,

At Moses Lake, W nsh in experiment 27, moisture was applied to
corn at 2 levels (ommlmrr of 3 and 8 llIJU':'lllOnS, both following a
winfer veleh crop and wilbout veteh ([flbf(‘b 7 and 33, fig, 11}, W Tth-
oul the cover erop the most profitable rate of nitrogen ap[)llmilon was

182.5 pounds per acre with § irrigations, but with 3 irrigations the
most profitable rate was only 95 pounds per acre. At the respeetive
most profitable rates, inerease in yield for 8§ irigations was 47.5
bushels greater than for 3 irrigations and the returtt to nitrogen was
$53.47 more (tabie 33).

With corn Jollowing the veteh cover erop, there was a difference of
about 40 pounds in 111{' most profitable rate of nitrogen application
per acee between the 2 moisture levels. At “the respective
most profitable rates, the increase in yield for 8 irrigations was 36.5
bushels greater than Tor 3 irrigations and the return Lo nilrogen wus
$45.08 more. The difference in return to nitrogen for § ilrrigations,
s ('ompnwd with 3, might be considered as the amount available to
pay for the cost of the additional irr igations.

When return to nitrogen applied in 1948 13 based on the total yicld
response for bolli 1948 “and 1949, with the veleh cover erop it was
$144.36 for 8 Irrigations and $32.13 for 3 irrigations.  Withoul the
COVer crop, the return was £118.08 and $46.78, iospt‘clj\'olv (1able 33).

The return of $49,00 por acre (o 158 pounds of nitrogen was obtained
in experiment 7, with ¢ irrigations and a plani populatlou of 12,740
per acre,



http:limit.cd

52 TECENICAL BULLETIN 1141, U. S. DEPT. OF AGRICULTURE

MOISTURE LEVEL

Effect on Corn Response to Nitrogen, Moses foke, Wash.

i ©  Most profitable rate®
8 irrigations
—= = 3 irrigations

200+

160

120

80

0 40 80 120 160 200 240 280
LB. N APPLIED PER ACRE

YETCH COYER CROP "ﬂ AT PS¢ PER LA, CORH AT SL40 PER BUTHEL
A}l.?AR‘ 06 LE. oh.P.«. <8¢ LA,
U, §. GEPARTHRENT OF AGRICULTURE HEG. $5{5)-92+ ACRICULTURAL RESEARCH SERYICE

Freure 11.—Effect of two moisture levels on yield response curves and caleulaled
n1ost Froﬁluhlt rute of nilrogen application on irrigated corn aficr a veteh cover
ceop, lor 1948 and the total for 1948 and 1949. evxperiznents 27 and 28, Moses Lake,
Wash,

Experiments 7 and 10 were conducted in successive years on the
same farm, bul on different plots.  1In experiment 10 the return to
nifrogen of $88.00 per acre al 150 pounds of mitrogen was obtained
with 8 irrigations and a plant population of 18,170 por acre (fig. 12),

Yield at zero application of nilrogen was uppmmn‘ttelv the same
for each of these experiments. As n{\mly as can be determined,
difference of 2 brrigations, possibly some differences in timing of the
irrigations, plus a few pounds of seed may have made & diflerence
of ne&alv &:40 00 per acre in the return to nitrogen. Observalions
by technicians in charge of Lhese experimenis indieate that 1951 and
1952 were compar able 50 Jar as corn was concerned. These results
are nol conclusive evidence as to the cffect of additional irrigations
and some exira sced. They do suggest that these two factors arc
importand s they affect the return o nilvogen.

At arate of 172 pounds per acre the return to nitrogen was $64.01
In experment 2, $47.00 in experiment 7, and $88.90 in experiment 10
(table 34). AU this rate, an ovomppli(:ﬁ.tion of about 57 pounds of
nitrogen per acre was made in experiments 2 and 7, and the relurn to
nitrogen was reduced approximately $3.50. This loss is sinall com-
pared with the grealer increase in refurn that might have been
renlized from a thicker stand and better irrigation. In oxperiment 10
an application of 115 pounds of nitrogen, instead of 172 pounds, the
most profiteble rate, lorfeited $6.37 in Y return to nitrogen.
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MOISTURE AND PLANT POPULATION

Effect on Corn Response to Nitrogen, Onforio, Oregon

BU. PER ACRE

140 N Expt. 10, 1952

B Irrigations
18,170 glonis facre
Return o 150 Jb. N - §EB

120
I
//

LS

7 N Expt. 7, 1951
& lrrigotions
12.?43 plants / aere
Rerorn 1o 150 b, M- 547

00 L
o 80O 160 240 320
LB. N APPLIED PER ACRE

¥ N AT 1S: PER LE., CORN AT T1.40 FER EUIHEL

100

o Most prolitable rate ¥
REPORTED YIELDS

& Experiment 10

&« Experiment 7

80

U. 5. DEAARTMENT DF AGRICULTURE HEG. S ({5}-PE7 AGRICULTURAL RESEARCH SERYICE

Ficure I12—Effect of two moisture levels and plant poputations on yicld response
curves, reported yields, and yield at 1he most profituble rate of nitrogen application
for experiments on the same ficld in 2 different years, irrigated corn—nitrogen rate
experiments 7 and 10, Ontario, Oreg., 1951 and 1952.

TABLE 34.—Return o nitrogen at fwo rales on the Moeller Jreld, Ontario,
Oreg., 1950-52

Retorn fo nitrogen
Plant potla-

Experiment

tion per acre §

Irripnlions

115 poutids ay-
plicd per aure ?

172 pounds ap-
nlied per oere

Diferenge 1

1950
1951
1952

MNunber
15, 280
12, 740
18, 170

Number

Dalfare

07, 55
50. 64
82 53

Poligrs
64. 01
47. 00
88. 90

Dollers

—3. 54
-3 64
+6. 37

1 Idabybrid 544.

2 Most profitable rate for experiment 2 was 117 pounds of nitrogen per acre,
For experiment 7 it was 114 pounds, aud for experiment 10, L15 pounds.

# Between return to nitrogen at 115 pounds and at 172 pounds per acre,

1 No P:0 applied.

SPACING

Additional nilrogen will support a higler plant population. The
optimum number of plants, consistent with limitations of existing
machinery, is important as it affects the return lo nitrogen, 1n ex-
periment 52, at Scottshlufl, Nebr., the fertility level was high and
there was little respense Lo nitrogen beyond the 40-pound rate, as
shown in Lable 11.  Curves were not fitted as a basis for comparing
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returns to nitrogen for moisture and spacing variables beeause of this
small response to nitrogen. Rhoades and others (74) reported a 12-
bushel difference in yield hetween the 36-inch spacing and the 28- and
20-inch spacings. The plant population per acre for these rates was
14,520, 18,669, and 26,138, respectively. The percentage of hroken
stalks was approximately 10 percent for the 28-inch spacing and 25
percent or more for the 20-inch spacing. The percentage of hroken
stalks in not related to the level of nitrogen. Ten percent or more of
broken stalks is probably high enough to preclude machine harvesting,
especially with other complications that arise from using equipment
01 NAITOW LOWS.

In experiment 26 at Prosser, Wash., within the range of rates of
nitrogen applied—0 to 240 pounds—the yield curves for trealments
M8, M8y, M8, and M,S: appeared to vary little.  Themostprofitable
rate of application was 433, 369, 408, and 450 pounds of nitrogen per
acre, respectively.  The most profitable rate for 3,8, was 290 pounds
(tabie 20). For M,S,il was 645 pounds. These most profitable rates
are much higher than those for any other experiment studied here, in
which experimental rates were high enough to characterize adequately
the yield curve. For this reason, information on return to nitrogen
based on the above rates is not presented here, ’

At Hermiston, Oreg., in experiment 33, plant populations of 14,500
and 32,700 plants per acre were studied (table 6). ‘Yield curves were
prepared only for the rates applied in two applications. For the S
spacing (14,500 plants per acre) extrapolation of the yield curve re-
sulted 1n a negative yield at zero application. Censequenily, the re-
turn to nitrogen has not heen calculated. The most profitable rote of
nitrogen application per acre is approximately 200 pounds for M,—15
irrigations—and  A4,—13 irvigations. The Af,—11 irrigations—
treatment apparently depressed yields at the higher rates of nitrogen,
and the most profitable rate is 141 pounds per acre,

The most profitable rates for the S, spacing (32,700 plants per acre)
are greater than for the S, spacing (14,500 plants per acre) by 30
pounds for the A4, treatment and by 18 pounds for the Ads treatment.
The difference between the most profitable rates for the 2 spacings for
the M, treatment is 9 pounds. None of these rates differ enough be-
tween spacings at & given moisture level to affect return to nitrogen
to any great extent. ISffect of change in rate on the return to nitrogen
1s llustrated by the results in experiments 10, 32, and 51 (tables 21
to 23, col. 9).

In experiment 9 at Ontarie, Oreg., corn was planted ab 4 row-spac-
ings, with constant distances of 9 inches within the row (table 3).
Row spacings were 30, 36, 38, and 42 inches, and plant populations per
acre were 23,230, 19,360, 18,340, and 17,140, respectively, Yield re-
sponse for the 42-inch spacing differed significantly from that for the
other 3 spacings. The most profitable raties of nitrogen application per
acre were 110 pounds for the 36-inch spacing and 116 pounds for the
38-inch spacing (table 20). The most profitable rate for the 30-inch
spacing was 418 pounds of nitrogen per acre, This rate is not consist-
ent with any other rate ascertained for the Ontario area. Much
higher rates than the maximum ef 150 pounds applied in the experi-
ments are needed to learn where the curve would level off. Further
evidence is also needed with respect to the 42-inch spacing.  The yield
pattern for this spacing deviates from the general pattern for any of the
other areas studied without any rensonable explanation.
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NITROGEN CARRIERS

Nitrogen may be applied to corn in the form of different materials.
The yield response to nitrogen from each form is important in choosing
the material to use. In experiment 31 at Moses Lake, Wash., the
results show that no appreciable differences in yields were obtained
among the 5 different carriers of nitrogen. The highest rate applied
in the test was 160 pounds per acre. This was not high enough to
ascertain ab what pownd the yield curve for each carrier tends to level
off (table 10). The calculated most profitable rate of application is
175 pounds per #re for ammonium sulfate and from 202 to 367 pounds
for the other 4 carriers {table 20).

At the most profitable rate of application for each, the return to
caleinm nitrate was $67.16; urea, $83.28; ammonium nitrate, $88.84;
ammonium sulfate, $93.57; and anhydrous ammonia, $124.85. These
results arc for 1 year only. They are based on an insufficient range in
rates applied, and they do not include Dbenefits from the residual
nitroger.

TIME AND PLACEMENT OF NITEOGEN APPLICATION

Nitrogen applied at different stages of plant growth and in different
positions in relation to the plant may affect the yield response. In
experiment 29, at Moses Lake, Wash,, ammonium pitrate was applied
at 6 rates, which ranged from 0 to 240 pounds of nitrogen per scre, and
by 3 different methods at eack rate: (1) Before sceding, the fertilizer
was broadeast and harrowed into the s0il; (2) at seeding time, it was
sideplaced 3 inches to one side and 2 inches below the seed; and (3)
when the corn was 12 mches high, the fertilizer was sidedressed 4
inches to the side and 4 inches deep.

Soil fertility varied greatly among the replications. Yields of the
check plois canged from 17.2 to 110.8 bushels per acre. The infiltration
rate of Divigation water was slow and precipitation in the growing
season was slight. No yield response relstionship to nitrogen was
obtained {rom the broadeast application beyond the 40-pound appli-
cation (table 8). Analysis of the yield data showed no difference
between the average yield obtained by sideplacing at planting time
and that obtained by sidedressing when the corn was 12 inches high,
bectuse of the large variations in yiclds within each method of treat-
ment. The most profitable rate of nitrogen application computed
from the yicld response curves is 170 pounds for the sideplaced method
and 148 pounds for the sidedressed method (table 19).

For thie sidedressed methiod the yield ot zero application of nitrogen
was 51 hushels and the increase in yield atb the most profitable rate
was 76 bushels. The return to nitrogen amounted to $84.80. This is
approximately twice the return to uitrogen obtatned with the side-
placed method, {or which the yield at zero application estimated on
the yield cuirve was 89 bushels, the merease in yield only 49 bushels,
and the return to nitrogen $43. The difference in the check yields
of the different methods of application is due to the design of the ex-
periment. This was a split-piot experiment in which the three methods
of application werc the main plots and the rates of nitrogen application
wore the subplots. A zero rale of apphication was included m each
subplot,  With this design, the yields from the different zero rates are
comparable only with the other yields of that particular method of
application,
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In Nebrasksa, ot the Scotts Bluft station, experiments 54 through 57
included time of application as & variable. Nitrogen was plowed
under before the corn was planted, sidedressed at the time corn was
planted, sidedressed when the corn was 6 to 12 inches high, and
sidedressed when the ¢orn was 30 to 36 inches high. Apparently there
is little difference in the vield respouse patlern for these times of
application,

YIELD fESPONSE TO RESIDUAL NITROGEN

Corn may not use all of the applied nitrogen in the first season.
If the residual nitrogen is not lost through leaching it may be utilized
by the crop that follows. Therefore, the product from residual
nitrogen should be included in determining the guantity of nitrogen
to be applied, At Moses Lake, Wash,, in 1948, experiment 27 was
conducled on virgin Ephrale fine sandy loam soil. There were 2
moisture lavels, one of 3 irrigations, and onc of 8. Each moisture
treatment was applied to plots in which winter veteh had been grown
and plowed under just helore the corn was planted and to plots without
2 vetch cover crop (appendix table 41, tables 7 and 35, and fig. 11).
In the following year, plots in this experiment were adeguately irri-
gated throughout the growing scason, but no fertilizer was applied.
Yields for the residual year arc shown in table 7. At the mi-st profitable
rate of nitrogen application for 1948 on the no-veteh plots, the residual
response for the 3-irrigation treatment (M,V)) in 1949 was § bushels
and for the S-irrigation treatment (A4, V3) it was 18 hushels (table 35).
The value of Lhis residual yield, whieh is the difference between the
return to nitrogen for 1948 and 1949 and the return for 1948 alone, is
$6.99 and $24.92, respeclively.

TaBLe 35.—Effect of restdual nitrogen on yield response and refurn {o
nitrogen. at the most profilable rales, high end low moisture, with
and without cover crop, year of applications followed by uniform,
adeguale irrigation residual year, experiments 27 and 28, Moses Lake,
Wash., 1948 and 1949

Inerense It yisld I Hetura ta nitropen
Trealment, ?

Tolal UHE wg | ol I g | s

Dugheiz Burghels Bushels  + ollars Daltars | Dallars
MV . 103. 9 34. 1 17.8 ;) 11808 3. 16 24, 92
MyVy ... 43. 6 48. 6 50 4678 30. 79 G. 99
MV 122. 5 66. 3 56. 0 ldal, 36 G3. 9% 78. 10
MV L 73. 8 30.0 13. 8 82 13 20. 88 6L 25

i 1948 crop: M,=8 irrigaiions; My;=3 irrigations; ¥i=neo vetch; Va~following
winter veteh crop. Adequate irrigation was applied uniforraly to all plots in 1949,

On plots with a veteh cover crop, residual response was 56 bushels
for 8 irrigations (M, V) and 44 bushels for 3 irrigations (M,V:). The
value of the residual response was $78.40 and $61.25, respectively
{table 35).

The residus] response on the high-moisture nonvetch plots (3, V1)
nearly paid for the 183 pounds of nitrogen applied the first year (tables
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19 and 35). The value of the residual response on the high-moisture
vetch plots (M, V,) was almost 5 times the cost of the 181 pounds of
nitrogen applicd. On the low-moisture vetch plois (M.V,), the value
of the residual response was 3 times the cost of the 141 pounds of
nitrogen applied. :

At a uniferm application of 180 pounds of nitrogen Lo cach moisture
and veteh treatment, the vesidual response on the nonveteh plots paid
the entire cosl of the applicalion of nitrogen (lable 36). On the veleh
plots, the residusal response was valued at about 2} times the cost of
the 180-pound applicalion of nitrogen,

TaBLE 36.—Residual response of irriguted corn fo 180 pounds of nitro-
gen at 8 maistwre levels, with and without velch cover crap, experiment
28, Moses Lake, Wush., 1948

Return per nere to nitrogen

Treatment T
1048  1oband 1040 | Residunt
, Iyllure Lipitirs f Doltars
MV ' 43,10 © 11825 ! 25. 15
M e e ————— : 3246 . 62, 44 24. 99
Irrigation difference_ oo ____ 60. G J5. 80
B O : 6590 - 139.03 73, 13
MaVa e eiecana 20. 00 G, 41 76, 41
Irrigation difference_ ..o _._. - 43. U0 : 52, 62
i L

At the Seotts Bluff, Nebr., stalion, in experiments 54 to 57, in-
clusive, 40, 80, and 120 pounds ol nitrogen were applied per acre, as
ammonium nitrate (tables 13-16, appendix table 42). In cach ex-
periment, the series ol nitrogen rates were applied at 4 dilferent times.
These were plowed under when the seedbed was prepared, sidedressed
at planting time, and sidedressed when the corn was § to 12 inches
.higL, and when the corn was 30 to 36 inches high., The responsce to
residual nitrogen fertilizer was measured in cach experiment. The
results are summarized in table 37. The maximum rate of 120 pounds
of nitrogen applicd in cach of these experiments was not high coough
to characierize adequately the yield curve so that it would indicate
where yiclds tend to level off. With coru at $1.40 a bushel and nitro-
gon ab 15 conts & pound, in most instances, the calculated most profit-
able rate is more than 120 pounds, Therelore, it would be found in
the extrapolated portion of the yield curve. However, the results
illustrate the importance of evalualing the Cotal vesponse when the
effect of nitrogen [ertilizer is interpreted.

Yiclds in 1951 were seriously aflecled by adverse weather. Ap-
parently growth was so retarded that very substantiol residual
responses were observed in 1952 (tables 14, 15, and fig. 13). A flood
and two {rosts were experienced in June 1851, two small hailstorms
in summer, and the retarded corn was killed by [rost belore matburity.
These conditions alfected cxperiments 54 to 86.

In experiment 54 there was little residual respousc in 1951, following
the good crop in 1950 (lables 13, 37, and fig. 13). In 1952, in experi-
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TasLe 37.—Y1eld of irrigated corn per acre in response lo residual nitro-
gen fertilizer, Scottsbluff, Nebr., 1951, 1952, and 1958

1 Y ch{I respvnst to residual nitrogen by time of
nitrppen applicaion
Yeur of T T
residual ; . When eorn wias—
[ resphnse Hefore AL planting - - -
! plgwing tie

Experiment

i to 12 inches 80 Lo 336 inchica
it . high

ushely : Hushely 1 Hushelr - Huvheln
1951 B.§ ¢ 831 8.0
14952 0. 3 209 248
1952 40. 1 37. 4 iy, ¢
1943 a, 7 22,1 25. ¢

1120 pounds of nitrogen per acre applied preceding yvear,

ment 55, however, response Lo nitrogen was large following the poor
corn ycm of 1951, in which yields were Tow and there was no responsc
to nitrogen (lable 14). In experiment 58, the response 1o nitrogen
was substantial in 1951, and the response to residual nitrogen was
even greater in 1952 (Lables 15 and 37). In experiment 57, at 120
pounds of nitrogen, the response Lo nitrogen was more than 60 bushels

and the residual response was about 25 bushels (tables 16, 37, and
figr, 13},

CORN RESPONSE to RESIDUAL NITROGEN

Scottsbluff, Nebraska
BU. PER ACRE
o= = First yLar -l-— Residual
| Expt. 55,1952 120 L Expt. 57, 1952 B

\ L / Expt. 56, 1952\ P
»”
»
7 xpt. 54,1950 | go | Exe 56,1951 X
’ [
ﬂf--_-----_ o ”\ -
p 7 ’ - -'7
-
- Expt. 55, 195 40 L - i

” /|

Expt. 54, 1951 Expt. 57, 1953
1 | £

: 0
0 40 80 120 0 40 80 120
LB. N APPLIED PER ACRE, FIRST YEAR

. % DEFARTMENT OF AGRICULTURE HEG. 5551488 AGRICULTURAL RESEARCH SERVICE

Ficure 13.—Reported yield n.sl'»onse, of icrigaled corn 1o nitropen fertilizer sidedeessed
e,

when corn was 6 10 12 ine In;Ph. and the regidual yicld the following year,
experimenis 54 to 57, Scottabluff, Nebr., 1950-52.
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Residual nitrogen from original 120-pound applicalions of nilrogen
produced the increases in yield summarized in table 37. Although
1951 was o poor corn vear, Uhe residual respense in experiment 54
would pay for appm\inmtolv 80 pounds of nitrogen. Residual
response in experiments 55 and 58 following a poor corn year was
sufficient to pay lor the 120-pound apphzuilon and to leave a return
of more than $25 por acre. In ('\ponm{-ul 57, the restdual response
was much greafer lhfm the cost ol the ferlilizer Tor all applicalions
except “plm\ ed under,”  The most profilable rates of nitrogen applied
in suceessive yvears may depend to a considerable extent on the
residual nilrogen Trom previous applications.

OTHER RESPONSE BENEFITS FROM NITHOCEN
AVPLICATION

Auv additional benefil which results from applying nitrogen {evtilizer
is the increase in the ernde protein content of the corn thal is obtained
from inereases In Lhe rale of nitrogen applicd (tables 38 and 39).
Crude prolein is expressed as the guantity of nitrogen in the eomn
timos the constant 6.25 (6.25 X N).  For purposes of discussion, and
in the absence of a definite value oblained In feeding trials, the value
ol Increased protein o the grain s assumed to be $0.075 a pound.

TaBLE 38 —Fffect of nitrogen fertilizer on erude protevn conient {6.25 X
Ny of m:r;utu{ corn graln, Ontario, ()ru,f

Yield af erwde profefn, by aitrdgen :\m:‘r:v:l [T e

Experiment
ipoands - OB pounds 1tH! prmzids 150 pooads A ponznls
Tereent Pereemt Frreent ’ Percent Ferernt
2T . s §, 15 ¢ 695 : 803 982 .l
E L - 708 | 8 v 8 45 805 oo
TV o ' G. 54 708 ] 812 004 9. G
[t D eioa 7.35 8 444 | 9. 27 L I I
LI " 7. 063 8 G4} 0. 87 10 33 10. 42
W20 o 7. 14 g2l 4. 45 a4, 406 21
WL 271 04 10 60 10, 69 10, 46
i Pornds Panunds ’ Panpds : Poundr Hownds
b8 SR 153.3 ¢ 323, 5 4740. 8 1 T 1 I
L I 350. 0 | A3 4 354, O 4812 ...
T 236.2 ¢ 35100 472, 9 578 ¥ . 594. O
d.... o 384, 4 a8 1 ' GY6. O TOR 4 oo o.
PEE 0 L. 238. G, AT2.8 578 2 QG0 6 [ttM &
21 [ 287. 1 : 42 5 orL v 520. 8 B4, ¢
I TN ERLEAN] ! 570. | i H28. 6 677. 0 (532.(3

I No POy applicd.

The most profitable rate for the experiments in table 38 is approx-
imately 100 pounds ol nitrogen per acre, This cosls $15.00. At
this rate, the iuer {‘ﬂ‘?(‘ in crude protein is roughly 200 pounds per acre
for mpm.zmcn{s 4, 7, and 13, This increase is valued at $15, which
is suflicient Lo ;)m' the enlive cost of the nilrogen. The lnerease in
protein for cach of the other 4 experiments Is touwhiy 300 pounds per
aere, valued at $7.50 above the cost of nilrogen,
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TABLE 39.—Fffect of nitregen fertilizer on crude protein content (6.25 X N)
ooj wrigaled corn grain, Scottsbiuff and Hardy, Nebr., and Ontario,
reg.

| Yield of erude pratefn, by nitmopen appiied poer fere

Experiment i_"_ ’ i : ] ; i
Y8 an 5] [Sc NI 11+ S YT R
peatiids - notends ] ponnds  pawnds | pouls - pounds b porads
Percemt  Prreent t Peceent . Percent | Percent | Pereent © Pereent
10 el L 6.92 727 [ 7.80: 845 BT 14917 - ¢ 58
) I [, 802 831888 10.3% 10, 62 1112 - 10. 88
54 (1430 3 ; | { : :
Plowed under .. . ... 700, 8000906 1030 0_____ ' ___________
Plaating time . .. . . 7,00 7881 9.00 .75 _____ LT
Corn 6-12" . ________ S R00 7% g2 B A 3
Coru 30-36"_ . ____.____ 17200 838 89% wB8 _._ .. . . ...
| Pounds ' Poupds ' JPounds | Pouwnds | Pounds i Pounds | Pounds
WO . 2503 3080 52003 1'(365. 81718, 5 ;?‘18. Ty 7704
7 R ;02,2 2736 42004 ;555.5 j600. 0 rGTg‘ 9§ G37. 9
B8 (1450 ¢ ! ! H I
Plowed under. o _.___{150. 6 1274 4 ,425. 0 93006 fao . __ N
Planting fime. . .. ____ H0. 6 128205 it 4 15306 jo_ ... e aiaman
Curn 6=12___________150.6 315, 0 dad. ot i528. L I I e
Corn 30-36"". ______.___ HA0, G 385, 6 1112-1. 4 ‘510. 4] ’___.._, [ N
i i i

' Ootario, Oreg,
2 I{nrdy, Nobr.
* Seotisbluif, Nebr.

In experiment 34, 120 pounds of applied nitrogen increased (he
protetny yield by 360 to 400 pounds per acre (table 39).  The nitrogen
cost $18 and the value of the inercased protein ranged from $27
Lo 830 per acre. The inereased protein was worth more than the
cost of 170 pounds of nilrogen In experiments 10 and 51 (lable 39).

For the experiments in tables 38 and 39, at least, the value of the
increased yield of profein ai the most profitable rate of nilrogen
applivation, based on grain alone, is more than cuough to pay for
the nitrogen, The value of the increased yield of corn, including
residual response Lo nilrogen, is then net return.

The yield and quality of stover was net measured for any experi-
ment neluded in this study.  Howoever, experiments from other areas
suggest Lthat substantial increases in Lhe yield and quality of stover
may be oblained with applications of nitrogen. 1n North Carolina,
an application of 160 pounds of nitrogen increased vields of stover
by 1,700 pounds (8). 1In illinois, 125 pounds of applied nitrogen
mereased the yields of stover 840 pounds per acre, the percenlage of
crude protein 7 points, and the yield of crude protein nearly 200
pounds, At (he sarne lime the yields of grain increased 17 bushels
per aere, and the crude protein w the grain inereased 200 pounds.®
Tlie nerease in yield and quality of stover approximately paid the
cosb of the fertilizer applied. Benefits from stover are” espeeially
important in an area in which stover is harvested for forage or cut
for silage.  When stover is returned directly Lo vhe sotl, the increased
yields are valuable in controlling crosion and in increasing organic
matier in the soil (16},

© Bray, R. ., Department of Agronomy, Universily of Illinois, personal
communication.
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RESEARCH PROBLEMS

Experiments need to be repeated throughout & peried of years on
the same land and at different localions in the same year, so that a
yield pattern may be obtgined for use in making recommendations for
wider areas. Test conditions and soil tests need to be identified in
sufficient detail so that cach farmer can relate his situation to partic-
ular experiments. Experiments conducted in different years will
provide & measwre of the effect of varying weather on the most profit-
able rate of application of nitrogen and the related return to nilrogen,

In making Lhe economic analyses of these experhnents, several
problems arose. Alany cxperiments had an insufficient number
of rates of nitrogen fertilizer to permit accurate characterization
of the yield curve. Even though 4-rate experiments have Deen
analyzed, 5 rates of fertilizer are more desirable for estimating the
constants of a particular response curve if the functionsl relationship
Lo be used is any one of the curvilinear functions. Otherwise, the
pumber of degrees of freedom is small and the estimates of the vari-
ability of the experimental data about the function may be large.

The range of rales should be great encugh so that increases in ex-
perimental yields arve sinall af the high rates of application, In the
experiments in which the rates of application were at low levels, Lhe
resulting estimated response curve did not approach & maximun yield
at reasonable rates of nitrogen. The slope of Uie curve was changing
slowly and the estimated most profitable rates excecded the highest
rate applicd and appearcd lo be too high compared with eslimates
from more complete experiments under somewhat similar conditions.
So that the increase in yield resulting from the application of fertilizer
may be evaluated, each experiment should include a check plot (zero
application). In some instances, when no check plot was included in
the experimeut, the ealculated vield at zero application was a negalive
gumber.

The exponential, or any other curvilinear function, may not reflect
the vield responses throughout the range of applications.  As the yield
approaches the maximum, the diffcrences between the yield responses
to different rates of ferlilizer applied are small and they are not all
positive. The function for this segment of the yicld curve might be a
straight line with 0 slope.  There is a paucity of yield data with which
to study these problems. Immediate and scrious consideralion Is
needed 1n planning fertilizer experiments which will produce yicld
date thal will more definitely identify the mathemalical form of the
yield response function Lo improve economic interprelation of experi-
ments.

In addition to data on yicld of grain, information on other costs and
benefits associnted with applicalion of fertilizer also are needed.  Soimne
of the benofits as related to corn include erude protein content of grain
and of stover, increased yield of stover, and the response Lo residual
nitrogen in the second, and possibly succeeding, years. Choemieal
analysis of the product is essential in measuring some of these benefils
and 1n measuring the increased use by the plant of other nuirients that
may be associatod with use of nitrogen fertilizer.

Further study is needed on how to evaluate some of these benefits
in cstablishing the most profitable rale of application and computing
the related relurn 4o nitvogen. Yield differences bebween the most
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profitable rate of application and a smaller vate of application may
not be large enough to be recognized by farmers. Thus, they may
apply the smaller rate and ignore the higher rates that would be justi-
Tlied 1f such other honelits as quality of grain and forage are considered.

Research procedures supplemental to, or in liew of, rale studies de-
signed for itUing response curves may offer &n alternative method of
eslimating the most profitable use of fertilizee. The desirability of
applying Tortilizer al o rate high enough to eliminaie i as 8 hmmnu
factor should be investigated, *».p('t'i*lll\ in arcas of favorable olimatie
conditions where the suppl_\' of moisture can be controlled,  Special
attention could then be given (o other factors which might Himit pro-
duetion,  Soil lests, ehemical tests of the praduet, and related Tuetors
would be studied 1 an effort (o ascertain the mininrem application of
fertilizor that would be nonlimiling to plant growth,
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TanLe 40.— Test conditions for irrigated corn—nitrogen rate experiments,
Ontario, Oreq., 1950-58"

Ttem

Experiment 1

Experiment 2

Crop listory. ... ..

Fortilizer

Trrigation

Moisture

Voriety of corn

hisfory

control 3

Date planted. .. .-

Plant spa

Plants per acre-number.. .|
Yield data

cing_ . _inches. .

Replications.--n umher. .

Relerenee

Malheur xperiment S8ta-
iion,

1950 o
rreenieaf silt laam ..o .

Grain, 1046;  alfalfn,
1947-49.

No fertilizer on alfalfa or ;

grain; 12 tous of ma-

nure, spring 1950,
5 irrigations (]uh 7.

28; Aug. 9, 200.
By technicians

13,

Paul Mocller farm.
E

HAes0.

Greenleaf silt Jonn,

© Carrots, 19435; beets, 1946;

© barley, 1947; corn, 1948-
49.

No fortilizer for al lesst G
Ye4Ars.

3 irrigations (July 3, 13,
28; Aug. 11, 28).

By the fnrmer

Ldahybrid 544.

See footnotes ot end of Luhle,
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TanLs 40.—Test conditions for irrigated corn -nitrogen rate experiments,
Ontario, Oreg., 1950-82 '—Conlinued

!
liem i Experiment 3

Experiment 4

Loeation__._._._...___.°

Y
Soll2 ... ... _ .
Crop history_ ... .....

© Malheur silt loam. .
i Grain, 1949

Fertilizer history._ ... 1.
i
!
Trrigabion_. _ ..

!
Moisture control3____ ..
Varicty of corn._.......: Idahy im(i Sad. ...
Date planted. oo ... May 2
Piant spacing___iuches. 7 A4 x 3{3_ e .
Plants per wereonymbor. RETR A .
Yielddata_ ... - Table 2 ... .
Replicalions_ . _nwuber..

Refereniee_ oo .o,

Tt i Expieriment 5

i Alladfs,

T By the farmer. oo ... L0
! idahybrid 544,

Malheur Experiment Sta-
tion.

1931,

Groenleaf =ilt loam.

1946-48: corn,
104907 barley, 1950,

No [fertilizer on alfalfa;
10 tons of manure, 1944;
40 the. N, 19320,

3 irrigad ions {(June 30; July
17, 25; Aug. 3, 17).

By technicians.

May 16,

o b gy 36,
o 20,680,

Tobie 2.
4.

TN

Experiment G

Location. .. Bm'{-(- Vaude Waler farm.

Yearo. oo . ;

Seife.. ... .. .. Very fine sandy loam {not
classifieds,

Crop history. ... < Alfajfa, 1946-50

Rowme Pal)s on aliaifa ...
frrigated &t about 12-day
inlorvals i samner.
By the farmeroaoo_.oo...
Variely of corn idahybrid 54d_____ ... ._

Date planted_. ... ... \1-13. 8

Plant spacing._.inches. | 164 x36 L. . ___.
Planis per acre_mnmber_ L

Yielddafa________.__. 1"

Replications., _munber_ 0 «

Refercnee i

Ferlilizer history
Trrigation

Moisture control 3.

Charles Custer farn.
1951,
Creenlead loam.

1950;
spring

Gruin with alfalfa,
alfir.ifa plowed],

irvigations {July 7
20; Aug 131

By the farmer.

Tdahybrid 544.

May 5.

8.1 x 36.

21,400,

Table 2

i

().

See foolnoles ot ond of Lebie,
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TanrLg 40.—Test conditions for irrigated corn—nilrogen rale erperiments,
Onlario, Oreq., 1950~-52 '—Continued

Item i Experimment 7 Experitnent §
Loesifon_ ... ... .. : Paul Moeller farim ... Malheur Experiment Sta-
tion.,
Yenr. o imannean 3117 S 1951,

Beets, 1946G; barley, 1947;
corn, 1948-50.

No fertilizer {or at least
7 voRm.

Fertitizer hislory .o _. ...

Gt:(’.enl(ml' silt loam. .. ...

Greenleal sill loam.
Alfalfn, 1045-49; corn,
1950; barley, 1951,

60 Ihs. N, 1951,

Irrigation ... nooa-. G frrigations (July 7, 18, | 4 irrigations {July 9, 23:
28: Aug. 9, 22; Sepl. 9). Ang. 10, 23).

Moisbure conirol 3__ . __. I3y the farmer ... ._...; DBy technicians.
Variely of corne ... Tdahybrid 544, __ ... ... | [dahybrid 544,
Date planted..____. .. " May 18 ___ . ... ... {day 12,
Plant spreing. . mehes. © 172 x36......, e P04 x 36,
Plantsperacre.number. ¢+ 12,790, ... ... b 16,780,
Yielddata. ... _._. ... Table 2 . ..... .- - I'able 2,
Replications.._number. 4. (... .. .. .. _ 4.
Refereneee oo v e e b B e e oo - £5).

e Expertment § Experitmpnt M
Toertion. oo oo e Matbeur Experiment Ste-  Paul Moeler farm,

fion.
YORr, . e ieaicccaao- 1952 e
Boil? .. . . ccocmec-o.) Owvhee silt loam_ o . . !
Crop history . ooo._.._. Corn, 19485; oats, 1949;
corn,  1930;  Dbarley.
1951, :

Fertilizer hivlory. . __.

N, 185].

Trrigation. . __._____ 5 Irrigations

22,
Moisture control 3. .1 By techiieinng. .o o. .
Variety of corn. ... Tdulybrid 544 ______. ...
Pate planted .. oo ..., May 18, -
Plant spacing__ inches. § 9 ?} 3{};99 x 36; & x 38,
X 42,
Plantts per acre.nmunber, | 23,230 19,300; 18,340: 1
17,340, :
Yield data. ... ... Table 3. o e ae
Heplieaticms, . _number ;SRR

R (TR S 1 ) BRI _

12 tots ol manure and 100
lbs. N, 1950: 60 lhs, |

(June 28: .
duly 1}, 23: Aug 12,

19462,
Cireenieaf silt loam.

i Beets, 1946; barley, 1947;

coru, 1848-31.

About 20 the, N, 1951; no
fertilizer for af least 7
vears before.

8 irrigations [July 8§, M,
23, 31; Aug, G, LI, 23}
Sept. 3).

By the Inrmer.

Tdahvheid 544,

May 13.

2.59 x 36.

18,170,
Table 4,

4.
(.

Bue roataptes at end of table.



http:10111.11

66

Tavve 40.—Tes{ conditions for trrigated corn—nitrogen rute erperiments,
Onlario, Orey)., 1950-58 —Continued

TECHNICAL BULLETIN 1141, U. 5. DEPT. OF AGRICULTURE

Item Exwriment 11 Experiment 12

Location..__.. . . . Henry Martin farm,

1952,

Sofl 2 .. ... . 1

Crop history . ______.

Feltham fine sandy loam_ ! Rebecea silt loam.

b Grain, 1047 alfalfs, 1048-

Sugar beets, 1949; beans,

49:  potatoes,  1950; 19530; barley, 1951.
1 corn, 1951
Fertilizer history__._.._.: 300 Ibs. 1G-20-0, 1950: ! No fertilizer for at least

b 40 lbs, N, 1951, 3 years.
Trrigation_______.___._ . Every4or5davsinJune, | 7 irrigations (June 23;
i July, and August. July 6, 14, 19;% Aug, 4,
i 20, 27).
Moisture control 3. ., __ . Uy the furmer. ... By the farmer.
Variety of corn______. . i Idehybreid 544 ____._ . } Western hybrid 101,
Date plantcd_.., . _._._. tMay 1oL L . May 5,
Plant spacing___inches. | 16,06 x40.____ . .. ' 10.62 x 38.
Plants per acre_number. .* 6,700, . __ . ______ 15,540,
Yielddata_______. ... Table2._________..___ . Table 2
Replications. . _number. [ dq.
Reference . _._ .. . I G SN /) 1
T P P P — - - 1 . i e B TR T ——
Item Experinent 13
Location. o .o .. ... ... D. L. Benediet farm,
Xear 1958,
Seil . .. . . cevmcmnmeeameo D Onwvhee silt loam.
Crop history_____ .. ... .._......_....  Clover, 1044, 1046, 1948, 1950; bar-
ley, 1045, 1947, 1949, 1951,
Fertiliner history. . ... . ______. Xo fertilizer in recent years,
Irrigation. .. _ .. ... ... Every 12 days in sununer.
Moisture control 8 ___ ... . - I3y the farmer,
Yariety of corn. . ... . ... __....._. ¢ Idahybrid 544,
Date planted. ... . . _. .. .7 April 29,
lant spacing. e inches_ 0 14,26 x 40,
Plants peracre. . __ ... ___. number_ . 11,000,
Yielddata_ . ___.____ . _____. . _._ " Table 2.
Replieations_ _._ ... .. ... ._ number. . 4.
__________________________________ D (a).

Referenee

! Fertilizer applied a fow days after planting in_bands approximately 4 inches

from one side of row and 3§ to 5 inches deep.

sulfate,
¥ SBerics nzimes are tentativa.

Nitrogen applied as ammonium

* Precipitation, usually not inore than 2 to 8 inches in the growing season, is nob
an Important factor heeause adequate irrigation waler is availuble on demand,

In experiments 1, 4, §, and 9, corn wus irrigaked

according to usual practice at the

station; in other experiments, vorn was irrigated accarding to usunl praetice of

the farmer,

4 Bhould have had 1 more irrigation ahout August 25,

® Water not availahle for 1 irrigalion,




ECONOMIC ANALYSIS OF FERTILIZER RATE EXPERIMENTS

67

TarLE 41.—Test conditions for irrigated corn—nitrogen rale experiments,
central Washington area !

Experiment 26

Experiment 27

Fertilization history____.

FPertilization

Irrigation

Variety of corn

Date plapted____.__.. .
Plaot spacing_ . _inches.
Flants per acre_ntmber_ .
Yield data_. ..
R(.phcat:ons_-_numl){.r .
Reference .. oo

Prosser? . __._....___.
1947

Ritzville fine sandy loam__’

Virgin soil

Virgin soil

Ammonium nitrate—sin-
gle application, 5 rutes;
split  application, 4
rates,

AMf—-1] irrigations; irri-
gated when SMT
reached 300 em. at 9
inclies.

Afe—5  irrigalions; irri-

gated when SMT
reached 4 atmospheres
at 9 inches.
—8 irrigations; same
us Mo until silking, then
same 85 M, Water not
measured,

Iowa 939

Moses Lake?

1948.

Ephrata Enesandy loam.

Yirgin soil. Vetch plots
seeded, fall 1947,

Veteh plets, 50 Ibs. sulfur
and 50 lbs. P.0; hefore
seeding,

Ammeonium nitrate—=G
rates sideplaced at
emergence,

M—8 irrigations (July 1,
17, 2:, Aug, G, 12, 13
Sept 16}. Maintain
SMT below 800 crm.
Net infake—veteh and
no veteh plots, 24 inches,

Afy—3 irrigations (July 12,
Aug. 8, Sept. 3}, Irri-
pated when resistance—
10,000 ohms, Net in-
take—vetch plots, 11
inches; nao vetch plots,
12 inches.

Towa 939.

Table 7.
(15).

Iiem

Experiment 28

Experiment 29

Loeantion.____ .. _.....

Crop history -

Fertilization history_____
Fertilization

Irrigation

Varicty of corn

Date planted____. . __._
Plant spacing___inches .| .
Plants per acre_number__|.
Yield data........ _.
Rephcatlons___number-_ .
Reference_ .. .. .....

Moses Lake 3

M9 ...

Ephrata fine sandy loam _ _

This experiment followed
experiment 27.

See experiment 27_.. ...

No Fertilizer in §949; resi-
dual response only.

7 irrigations; adequate

moisture,

Towa 939

T !.])lt, 7-___‘:::- ’

{.“.)}___;--._“_.. R

Moses Lake?

1949,

Ephrata fine sandy loam.

Virgin soil (extensive lev-
eling}.

Virgin soil.

Ammonjum nitrate—0
rates, 3 fiming combina-
tions.

9 irrigations (May 2; June
16, 29; July 8, 13, 20;
Aug. 2, 11, 23).F Not
measured,

Towa 939.

May 11.

12 x 32.

16,335.

Table 8.

a.

).

Suee Footnotes at end of talle




68

TECHNICAL BULLETIN 1141, U. 8. DEPT. OF AGRICULI'URE

Tasue 41.—Test conditions for irriguted corn—nitrogen rate experiments,
ceniral Washington area *—Continued

Exneriment 30

Experiment 34

Crop history
Fertilization history_____
Fertilization

Irrigation

Variety of corn
Date planted

Plant spacing. __inches__!
Plants per acre_number_.| 16,772

Yield data

Moses Lake 3

1951 !

Ephrata fine sandy loam._|

Atfelfa, 1948-50 i

No fertilizer, 1948-30_. .}

Amunonium  npitrate—=G6 ¢
rales placed 2 inches :
below and 3 inches to
side of sced.

Q irrigalions (Apr. 27;
June 3¢; July 12, 19, |
24; Aug. 1, 7, 15, 21). ¢
Neb  intake, 36.91
inches.

Moses Laked

1952,

Ephrata fine sandy loam.

Virgin soil.

Virgin soil,

Ammonium sulfate, am-
monium nitrate, anhy-
drous ammonia, ures,
and caleium nitrate each
applied at 4 rates, side-
dressed after cinergence.

' SAST below SOG em. at 9

inches tihiroughout the
BeNE06n.

© Towa 930.
© Aay 11,
10.5 x 34,
: 17,500.
Table 10,

2.
(20).

Experimont 33

Crop history
Fertilization history
Fertilization

Irrigation

Vaoriety of corn
Date planted

Ritzville very Bne sandy
loam, G0-ineh depth.

. Virgin soit

Virgin soil

Arnunonium  nitrate—12
rates sidedressed.

Adequate irrigation

See footuotos nt ead of talle,

Hermiston, Greg.
1947,

. Virgin soil.
. Virgin soil,

Ammonium  nitrate—sin-
gle applications, 4 rates;
split  applicetions, 4
rates; 100 pounds P.Qs.
Cne 120-pound rate
with 15 tons of manure.

Afi—15 irripations (irri-
gated when S3/T was
below 400 cm. at §
iuciies); tokal, 5.07 feet.

Aly—11 irrigations (irri-
gated when SA/T was
below 9 stmospheres at
G inches}; total, 3.63
feet.

My—13 irrigations (irri-
gated same as A exeept
3 weeks during silking
and pollination; then
satne as Afy); total, 4.21
cet,

. 8. 13

April 13,
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Tavue 41.—Test conditions for trviguaied corn—nilrogen rute experiments,
central Washington area '—Continued

Item I Experiment 32 i Experiment 323
i R
Plant spacing. . inches. | 12 % 30 _._ | &,—12 x 36; 5,—8 x 24
Plants peracre_number__} 17,500, . - .. _______. b S —14,500: 8,-~—32,700.
Yield dots oo ee o P lable do o e i Table 6.
Replications.__number..! oo o i 4
Reference_ o oo, (B) s oo L(ES).

L Precipifation, usually very little in the growing season, I1s not an impartant
factor beeause adequate irrigation waler [or these experiments was avaliable on
demend.

2 Trrigation Experiment Statien, Prosser, Wash.

2 Mozes Lake, Wash., Development Farm,

1 Net intake.

5 Irrigations were for louger durations and more frequent than is eommenly
practiced on the fine sandy loams in the Yakima Valley,

¢ Unpublished data from Irrigation Experiment Slation, Prosser, Wash.

TanLi 42, —Test conditions for wrigeied corn—nitrogen raie experiments,
Nebraska, 1949-58

Ttin Experiment 51 \ Experiment 32
7 U 082 o 14949,
Sl oo Waukesha silby clay loam.] Tripp  very flue sandy
loam,
Crop history ... __.___ Dryland corn {or many

vears; brought under
irrigation n 1951.

Tertilization DiStoOry . ofo ool aa “Liberal” manure for
INANY YrAars.

Fertilization_ .o . Ammonium nitrate—12 | Ammonium nitrate—0, 490,

rates ranging from G 86, 160, and 320 lbs. N.

to 320 Ibs. per sore, and 25 tons of manure

sidedressed at second par acre; 160 lbs, N, and

cultivation. 25 tons of manure per

acre; 40 1bs. N, and 40
1bs. P05 per acre.

Treigabion oo oo Adequate irrigation su- | M—3 irrigations (July
pervised by extension 5-7, Aug. 1~3, Aug. 30).
agricultural angineer. M—3  irrigations (July

57, Aug. 1-3, Aug. 23).

My—>5  irrigations  (July
5-7, July 23, Aug. §,
Augz. 18, Bept. 2).

Variety of corn_________ Nobraska 584 __ . ____.. Town, 4316,

Dinte planted .o ___. May 14 . May 12—14.

Plant spacing._ _inebes. .l 9 x40 oo 8—8 x 36; S.—9 x 2§;
S;—0 x 20.

Planits peracre_nwnber . 17,6700 L ____ 8—14,520;  8,—18,669;
Sy—20, 136.

Yield dal o comeeo - T Table 4. oo oo Table 11.

Replivations_....numhcr.._il S 4,

telerentea e oeei e | (46, $4) o - {14)-

Hoew Food moke ot ond of tibile,
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TaBLE 42.—Test conditions for irrigated corn—nitrogen rate experiments,
Nebraska, 1949-583—Continued

Item

Experimoent 53

Exporiment 54

Fertilization history_____

Fertilization _______.___

Irrigation_ ... _____

Variety of corn_____.___
Date planted__.____.___

Plant spacing__ .inches_ .

1660, 19562_____ . _______

Tripp very fine sandy
loam.

Bromegrass irrigated pas-
ture, 10358-48; pota-
toes, 1919; corn, 1050;
sugar heets, 1951 ; corn,
195

1949~0, 80, 160, and 320
Ib. IN; 160 1b. N and 8¢
1. P,0; 160 Ib. N, 80
I, PO, and 80 Ib.

0.

Plots split in 1950. Half
of plots reeeived wno
additional nitrogen;
other half had 40 Ibs.
additionel N applied
to corn inn 1950; 80 lbs.
v 1o sugsr beels in
1951; and 80 1bs, N fo
corn in 1952, PO
and B0 treatments
same in 1951 as 1949,

14G—potatoes, 8 irriga-
tlons. 1950—comm, &
irrigations. 14051—
sugar beets, 5 irriga-
tions, 1952—ecorn, 4
irrigations.

Nebraska 301 _________.__

1050—May 12__ . _.___
1952—May O __________.
1949—potatoes, ¢ x 30;
1050—corn, 11 x 36;
1951—sugar beets, i4
:)3:62{}; 1952—corn, 15 x

1950, 1951 (residual).

Tripp very fine sandy
loam, low fartility.

Each replication had a
different crop in 1949;
no legumes.

Each replication different,

Amrmonium nitrate—0, 40,
80, and 120 b, N per
sere in 1850: (1) Plowed
under, (2] at planting
time, (3) commn 6-12
inches, (4} corn 30-36
iniches high, None in
1951.

1950 and 1951—4 irriga-
{ions,

1850—Iowe 4316
1951—Nebraska 301.
1950—May 15,
1851—May 14,
1950—12 x 30
1951—22 x 36

Plants per acre 1949—16,360; 1950— | 1950—17,400.
nomber__ 15,840; 1951—22,400; | 1951—11,600.
1852—11,600.
Yielddata_ ... ._._____ Table 12 _.__________.__ Table 13.
Replications___number__| 5 %nl\lvest. field; 4 on east | 4.
eld.
Reference ... ___._ ) {t3.
Irem Exporiment 56 Experiment 56
Year oo __.__ 1951; 1952 (residval)..____ 1851; 1952 (residual).
Sofl_ . ._ Tripp very fine sandy | Tripp very fine sandy

Sco footnote at end of tabic,

loam, high fertility.
Uniform roiation, 1012-

48; no legumes, Each
raplication  different,
1649,

loam, medium fertility.
Uniforin rotation, 1812-
49,
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TaBLE 42.— Test conditions for irrigated corn—nitrogen rate experiments,
Nebraska, 1949-58—Continued

Item

Experiment 55

Experiment 56

Fertilization history__.__

Fertilization .. ...

Irrigation o _______ .

Variety of corn________.
Date planted. ____.._ .

Plant spacing. __inches_.

Each replication differ-
ent; no practices for
maintaining fertility. !

Ammonium  nitrate—0,
40, 80, and 120 Ibs. N
in 1951: (1) Plowed
wunder, (2) at planting
time, (3) ecorm G-12
inches, and (4) corn 30-
36 inches. None in
1952.

4 irrigations, 1951; 4 irri- |
gations, 1952, :

Nebraska 301 ___.._____ :

1951—Muay 14 . ______

1952—May B .. ___-.

1051 —20 2 36___. . ___.__:

1052—12 x 86occe oo |

Each replication differ-
ent; manure spplied at
various times.

Ammonivm nitrate—0, 40,
8¢, and 120 lbs. N in
1951: {1) Piowed under,
(2) at planting time, {3)
corn 6-12 inches, and
{1 corn 30-36 inches.
None in 1932,

4 irrigations, 1951; 4 irri-
gations, 1952,

Nebraska 301.

1951—May 14,

1952—May 8.

1951—20 x 36

1852—12 x 306.

Plants per acre 1951—8, 700 .o._-. b 1051—8,700
number_ .| 1952— 4,500 ...~ i 1952—14,500.

Yink data__ _ . ____.__. Table 14 .. ¢ Table 15.

Replications. ._number_ .} 2_ . .o v 2,

Referenee oo owo oo cman L) HUN

liem Experinenl 57 Experiment 58

(17:Y A 1952, 1953 (residual) ____ 1953.

Soil. . e Tripp very fine sandy | Tripp very sandy loam.
loam, low fertility.

Crop history .. ____._. Uniform gropping, 1912— [ A and C—corn since 1912,
48; no legumes, Each ; B and D—sugar beet-
replication  different, potato rotation, 1912-

Fertilization history____.

Fertilization

Trrigation .. o___

Variety of corn________
Date planted_ .

Plant spacing__ .inches__
Plants per acre._munber. _
Yield data___________._
Replications.__number._
Referente oo cooon

1949,
1951,
See cxperiment 54 _____

Corn, 1950 and

Ammoenium  nitrate—0,
4{, 80, and 120 lhs, N
in 195%: (1) Plowed
under, (2) planting
time, (3) corn G-12
inches, (4) eorn 30-36
inches. None in 1833.

4 irrigations, 1452; 4 irri-
gations, 1053.

Nebraska 301 ____

1952—May B oo .-

12X 30 e oo

50; corn, 1450-52.

A and B—12 f{ons of
manure, 1942-52,

C and D-—I12 tfons of
manure every 2 Yenrs,
1912--52,

A, B, C, and D—0, 40, 80,
120, and 160 lbs. N.;
120 lbs, N, and 40 lbs.

P,0s5;
C and D—12 tons of
manure.

3 irrigations.

Nebraska 301,
May 7.

11 x 30.
15,800,
Table 17.
2.

).

! Unpublished dsta of the Scotis Bluff Bxperiment Station, Scottsbluff, Nebr.
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TaBLE 43.—Constonts determined by mathematicel method of estimation
Jor the response curve ¥Y=2M—ARX and the stendard errors of the
constants, irriguied corn—nitrogen raie cxperiments, Oregon, Wash-
ingon, and Nebroska

Experiment

I| P05 pier pere

(penzngls)

M

|

o
-

ér

1. o

12 .
27:

27 and 28:
ﬂ'frl V|
MVa_ ____ .
MV, oL
ALV, 3

Sideplaced. .-
Sidedressed .

100
0

cocoe Fofio

0 132
113. ¢

117.
111,
150.
112
114,

107. 7
112.¢

© 138,
A: 152,

100

122,

© 181
. 200.

171,
281,

144,

133. 7

167,
152,
127.

i.78804f
i - B3825:
| 76718

- 66434

- 75000
| . 59767
L. (3333
! G2870}
I . 76088

©L 2251

3. 77 . T9I8T:

42,

D119.09
39 204 4
2 87.
’Ir'[ij L77.

07l 9.
70; 82§
98 43¢
7 1d0.
?Silﬂﬁ

©. 81457
170220
P 57780
. . 83504

70652

DL 6217
. B372T

. 70642
. 906794
. 86559
. 92G8

M@ RS s nnm.

Zon

.13
16
62

5 G
.051

-
63"
72
|79,

—

— et

[ T
CopIsoe

COPe gore NN

0. 0367
L1754
L1170
. 1106
. 0204
. 0780
. 0299
. 0849
. 1509

. 0831
L1197
. 2305
L0517

. 0559
. 10G)
L0247

Q107
. 0689
. 1987

S79F . 0435
‘.szi . 0520

! Tn terms of 20~-pound unils of nitrogen.
2 65 pounds of 305 and 50 pounds of sulfur applied Lefore seeding vetel cover
crop preceding corn in experiment 27.
2 Constants for this response curve ware determined by the grophic method of

estimation.
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TavLe 44 —Constunts_determined by graphic method of estimation for
the response curve Y=M—ARX, irriguied corn—nilrogen raie exper-
iments, Oregen, Washington, and Nebraska

" 1205 por gere ’
Experlment {hotnds} M R

0. 73795
. 71582
. (23556

i0

30-inch row
36-inch row._ .
38-inch row.. .
42-inch row

. 94240
. G8112
. 73264
. 46482
. 80658
. 64924

. 85342
. 93552
. 90672
. 88025
. 89523
- 90308

. 87258
L T4ATL
L T9577
. 89516
- 85360

- 85950
. 66504
. 64083
- 41410
. 30313
. 80381

=

ooooSD CoOOd OOSo00 oooodo Do

Caleium niteate_.______._ ..
Ammonium sullabe. ... ..
Ammonivem nitrate ____._. .
Anhydrous ammonin

Lren., e mmee e

J1.’lr|S|-.._,,_-....,_..__..__.__,
M8 e
MeSyo L o .

¥ I'n terms of 20-pound units of nitrogen,
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