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A Method of Economic Analysis Applied 
,to Nitrogen Fertilizer Rate Experiments 
on Irrigated Corn 1 

By J. J.... Paschal, Agricultural Economist, 
ano B. L. Erench, Analytical Statistician, 
Production .Economics Research Branch, 
Agricultural Research Service 

SUl\fMARY 

~1flJ.'ginfl.l economic analysis cn.n be applied to the l'cln.tionship be­
tween nitrogen fp,rtilizel' u,s all input fadol' n.nd erop yields to detcr­
uune th c rate of application of fertilizer thn.t wiU maximize ,returns from 
its application. 'nlis meLhocl of analysis is snpplemenLnl Lo olher 
ann,lyses of experimental daLa by methods speeifiod by t,he designs of 
agronomic. e:\.l)criments. This bulletin reports on the applicn.tion or a 
method of economic ana(ysis illustrn,ted by t'xperimenLn.ll'esults from 
plots dc-signed to test the application of nitrogen fertilizer 011 irrigated 
corn in Oregon, vYnshillgton, and Ncbrnska. Unclol' existing informa­

• 
tion, the exponent-ial fllllction (Yj=l.{-AR:\:i) is a logical funetion to 
represent the relaLionship fOL' the application of a single in.put. This 
function is used to represent the yield response curve of e:\.l)erimental 
data. 

Unless the economic implic:ations of the most pI vfitn.ble raf;e in 
terms of the c:ompamtive L'Oturns Lo nitrogen are obscr",'ed, the l'elative 
impo.rtnnce of difi'ereut rates mn.y bo overlooked. The most profiln.ble 
rate of app~ication at which returns to n.iLrogen will be ma:\.-imized may 
be identical for two different situations but tbe returns to nitrogen may 
differ greatly. T.lle comparative returns to nitrogen form the primary 
criterion by whicll one situation can be selected over the other. 

Differences between the most pl'Ofitable rates of nitrogen applicn.tion 
for an. estimated yield eUlTe and its c:onfidence limi.t curves may be 
substantial, bUl; t.be differellcr.s in Lhe retul'll to nitrogen al"e small. 
The mosi; pl"ofitabh~ raLe is located on a section of the response curve 
on 'which errors of 20 to 40 pOlluds d[ nitrogen applied per acre will 
J"esult in relativ'Jly small differences in the return to nitrogen. If the 
price-cost relationship should change so that the most profitable mte 
is located nearer the zerO application, where f.he slope of the response 
cm'ye is larger I errors of that magnitude would produce lm'ger clifJ'er­
ences in thert~tllrn to nitrogen by "underapplieation." 

The difference between the price of c:om estimated at the time 
nitrogen is applied and the ndual price at haryesttin~e must be quite 
large. before the most profitable rate and !;he J'(·tur:n to nitrogen at that 
rate are chl1uged apPI'eciably. Errors in pl'e(licLion of the price of 
corn wiLhin the a.pplicable range of the diffel'ent response (''.1.rves, 
therefore, are negligible. They mn.y be offset by man.r other uncer­
tain factors. Year-Lo-yen.I.· cJmnges in the price of nitrogen 'of less 
than 20 percent affect the return to nitrogen only slightly. 

1 Submitted for pUblication .July 28, 1955. 
1 
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In the few experiments fol' whkb data, wcri:' a nLilable , the first­
year residual nitrogen proc1uC'ed a yiC'ld sufficient to pay mnch, if not • 
all, of the cost of nitrogen appEc'd. lneLien,tions are that on fields of . . 
low fertility the iucreasod el'udeprolelll (6.25 X N) content of the COl'll 
(grain) more tlu1.l1 paid tlll' cost of nitrogen applied. On snch fields 
the value of Lbe incl'cfisod yield fLnd qUfility of the corn stover, if 
llleas1.U'ecl, might luwC\ pn,iel for the grcfiter part of the ferlilizer applied. 
The data suggest that tbe most profilabk rfLte computed in this stuely 
on the yield of grain nlolle is consel'\'l1Ji\'C', if lhe potential quality 
ffLctol's of gl'fLin and s(.oY('r find the .'r'iPld response to residual nitrogen 
arc included in the ':alu(' or tht, product. 

Data n'vi('wecl in Lhis sluely ~ugg('st tlw need of more specific 
chfLl'fietel'izfLtjon of yield CUl.'WS fiS fL basis {Ol' economic finalysis of 
{('rtiIizer-response clfLta. This is esp0('ifilly true for the upper end of 
the yield CUT\'(', :Mensul'elllent of lolal pla,nt yields and of quality 
faclol's al'O also needed \0 eYfLluat(' morC' fulbT t.he rolmns associated 
with fpl'tilit~T n,ncl oLlll'l' tl'eaLmpnts. rrhe nicthoclology of cco!1omic 
n.llalysis ltl'('(ls to inc! ud0 tlwsc 0yaJ llations of response associated with 
ft'l'tilizC'I·. It should n,lso pvaluH,te incrcuspcl consumption of other 
phn t 11 Utl'iPIl ts as yipld is incl'en,s(,cl. 

:l\lost of the 'Ynsh ingLon n.ncl On'goll cxpcrirucIlls studied wcre on 
plots of Lo,,- f(,l't.ilil~Y, with a(!Pquu.l(' wn.tCI' nppliecl. Ol'dinu,l'ily the 
most pl'ofitn.ble mtc's of niLrogl'll a,pplicn,tion mngecl between 100 n.nel 
200 pounds pcr l.1.el'P. Tll0 I'ctUl'l1 lo nitro~pn n.boye its cost per n.cre 
was $50 or more for n. mnjol'it,V of till' PXl)(,l'tmcnts and n.bove $30 for 
most of thom when eOl'n WllS vnllll\d u.t $1.40 n. bushel n,nd nitrogen at 
15 cenls a pound. In 2 eX])(,l'imenls in \"Tnshington the retlirn to 
nitrogcn exceeded $100 pcr n.C1't'. • ~ 

INTROJ)UCTION 

How to usc ponuucl'cial f0rliliz('l' is n. problem thu,t ('onf1'onts farm 
opcl'n,tors n,nd olhl'I'S I\'ho are concerned with farm production. :l\1any 
intelTolatocL fn.elors al'e illyolycd in den-loping fL fOl'tility progmm for 
a given farm. SOl11C of thpsc fLre type of soiI, kind of crop, crop rota­
Lions n.nd tillage' practicps, number and kind of livestock, and n.mount 
of moistmc n.vailn,bk. Fun infol'lllUtion on the precise contribntio.n of 
each of lhe factors Lo the fi.nn.l produet is Ilcyer avaiIn.ble. Oom­
prt'lwnsivt' resenrd! on nJl phasps of lhe farm production process as a 
unit is not fLtLC'rnpLcd in controllcd cxpcl'iments bocn.usc of the cost 
and complcxity of such l·('St~al'ch. SE'parn,tc factors n.rc stuclied in 
doLail n.nd findings a,I'C coordinn.Led in an lLttempt to lLchieve IDaxinmm 
net returns £01' the fa,rm. 

Usc of commclTial f('l'tilizcl's hn.s becomeinercn.singly important 
in the vYest. Studies hn.\'(:\ bN~n made to determine yields to bC' 
obtn.ined from \~arying .mt.cs n.ucl melbods of applieation. Notn.ble 
incron.ses ill the yields of irrign.tocl corn ha,yo beC'1l obtained with 
nitrogen fertili7.cl's. It has bocn found Litn,t yields of corn 011 il'riglLteel 
soils tLl'e l'!1l'ely limited by Jaek of phosphorus (13).2 As yields of 
corn can be incl'oftscd with nitrogen, fLclclitionn.l information is needed 
on how much to usc to get the 1,1l0St profi.tn,ble response. Experiments. 
by agronomists who lmye investigated the response of corn to nitrogen 
have beon conducted under Yn,rious controlled conditions itt selected 

? Italic figl~res in parel1these$ refer to Literature Oited, p. 62. 
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locations. Results of these cxperimcuLs provide valuable data 
which, together with expcriences of farmors, may be used to help 
guide furtilizer programs for speeific farm situt1tions. 

E:-..-perimental data from 3 'Wcsterll St[~tes on the rcsponse of irri­
gated corn to 3 or more rates of applied nitrogen are used in this 
study.· The objectives of the study arc to illusinLi.e some of the 
problems involved in economic analysis of fertilizer-rate experiments 
and to suggest procedmes that may ilUprOYC the rcsul ts of such 
analysis. The most profLUtble rate of ~tpplication of nitrogen for 
eftCh experimental situation has been estimated from the methodr; 
used. In addition, economic implications of the results are shown, 
includinglJ.le eHeet of underapplication or overa))plielllioll of nitrogen, 
the effect of deviations from the estimn,ted response (,lU"YC', and the 
effect of changes in the price of corn and of nitrogen. 

CHARACTER OF DATA FOR ECONOMIC INTERPRETATION 

To estimllte the most pl'olitable .rat.e of nitrogen applicatio;, for 
specified conditions, ttppt'oximation of the iunetional relativnship 
between yields of COl'll Iweln itrogt'll fertilizer is necessary. This 
functionalrelatiol1ship should be based on yields obtained fmill foW' 
or more rates of application lit a given 10CIltion in 11 sellsou. Actually, 
relatively few experinlC:'uts have induded foul' 01' more rates. 'rhe 
highest rate of niLrogen application should indica,te the point at which 
additional fertilizel' would produce litUt', if Ilny, addiLional yield. 

Essentially all )1itrogen-1'!lLe experimen ts in the irrigated sections 
of the West having foW' Or mOl\3 rILLes of npplieation wet'e considel'ed 
for this report. Some experimen ts were omit tcd because they did 
not have J'ates tlULt extended o\"'e1' a wide enough range to permit an 
adequate description of Lhe response relationship. Others were 
omitted because the response pl1tLerns were indefLniLe and still others 
because they were affected by tlonexpet'imentnl facLors such as frost 
or bird damage. Few experiments ha\"e beeD repeated sufficiently 
under similar test conditions to establish deti nite response patterns 
f01' specific conditions. Therefore, results of these experiments apply 
only to the particular experimental site and Lo the conditions described. 
The acc-W'acy with which the results can be extendpcl to other nelds 
de,pends on the extent to which the conditions of Lhe eXI)eriment 
l'epresen t conditions iu the field Lo be ferLili:r.ccL 

~'lETHODS OF ANALYSIS 

PRINCIPLES OF ECONOMIC ANAI,YSIS 

A relationship exists between the yield of eorn and. the qnantity of 
nitrogen fel·tilizer ttpplied per llcre, HS illusknt.ecL by the total physical 
product (TPP) Cllnte in figure I-A. As 1110l'e nitrogen is applied,the 
additional quantity of corn pt'oduced \\'ith each successive unit of 
niw.·oo-en becomes smaller until a maximum yield is obtained. The 
totslOcost of nitrogen-expressed in bushels of corn-also is shown in 
figure l-A. Retm'n aboyc the cost of nitrogen Ill, !\,ny rate of n.pplicn.­
tion is illustrated by the vertiClll distance between the totlLl cost and 

3 In this study, the zero rate (check plot.) is one of the rates or nitrogen applica­
tion. 

http:includinglJ.le
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B. 
:}I'IGUIIE I.-Physical product and coste ·of corn relaLcd to applied nitrogen. 

the toLal product eUl'ves as, for example, in line AB. If the cost of 
nitrogen is the ouly cost to be considered, the most profitable quantity 
to apply is that quantity or rate at which the distance between the 
two CUl'VCH is greatest. Line AB in figUl'e I-A is so drawn. 

Bushels of corn associated with each additional· quantity of nitrogen 
are shown in figure I-B as the marginal physical product (]([PP). 
The marginal yield diminishes with successive units of nitrogen until 
it l'eaches zero, as shown by point 0 in figure I-B. Each successive 
unit of nitrogen used costs the same as the preceding Ulilt so the margi­
nal costs of nitt'OgeJ)al'c constant, as shown by line AlO in figUl'e I-B. 
The net retUl'uto llJtl'~gen is greatest when nitrogen is applied at that 
l'ruhe at 'Which the Jast untt just pays for itself in terms ,of the additional 
COl'll produced by :it. The most profitable rate of application as '. 
illustrated iII figUl'e I-B is at point Xl. At this rate of application the 
total return to nitrogen is greatest, as illustrated by the shaded area 
of figure I-B. . 
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ECONOMIC ANALYSIS OF FERTILIZER RATE EXPERTh1ENTS 

Return to nitrogen as used subsequently in t.his report refers to the 
difference between the cost of the total application of nitrogen at any 
given rate and the value of the increase in yield associated with the 
given rate of application. It is a net value of the increase .in yield 
associated with the rate of fertilizer a.pplication. Retw-.n to nitrogen 
is the basis for liompm'isons and evaluations of the experimental data 
used in this report. 

Economic IlJlalysis of fertilizer-rate experiments .requires an under­
standing of both the natw-e of the eA]Jeriments and the methods used 
in experimental design and in the statistical interpretation of their 
results. Experimental results must be interpreted in sllch a way as 
to isolate the effects of fertilizer on yielcl from the effects of other 
:factors. The functional relationships between fertilizer and yield 
then call be described and used as a basis for e('.onomic analysis. 

EXPERIM.ENTAL DESIGNS AND FUNCTIO:::~AL RELATION­
SHIPS 

Fjeld experiments are designed to compare results obtained from 
different controllable factors. The bases of compa/:isons are the cli£­
ferences in the quantity or quality of t.he product obtained :from varia­
tions jll methods of applying fertilizer and 1'aLes of application, methods 
of applying watel' 01' the quantity of water applied, the timing of 
water application, and so on. Stuclies of more than one of these 
factors within tbe same experiment often are eombined for economy. 
Each of the controlled factors included in the e)..]Jerlment, as well fiS 
uncontrolled sOllJ'ces of variation, in:fiuence the results. Experiments 
must be designed find analyzed in snch a way that significant differ­
ences resulting from each of the controlled factors can be isolated for 
analysis. 

For one such design, equation (1) expresses the relationships between 
yield response llnd factors, the eHects of which are to be appraised: 

(1) Y,j=/-L+fJi+ 7 j+Eiil i=J, 2, 3, 4; j=l, 2, ..., 12; 

in wbicb /-L is the mean effect, fJi is the itLt block effect, 71 is the .ith 
level of nitrogen effect, anclei} is tbe random plot errol'. The effects 
of each of theso factors may be identified andtestod for the realityof 
a diffel'enc.e between the means of tbe levels of nitrogen, and between 
the moa,)s of difl'el'en t replications. Difre/'eDces between the yields 
of iJ)(lividual plots can be related to tho levels of nitrogen application, 
exc\ueling or removing random variation between plots. 

'1'he quantity of nitrogen applied to obtain an increase in yield that 
can be specifically attributed to fertilizer is determined by the test of 
leastsignificantdilierence (LSD):l If Lheincreased yield between two 
successive treatments is greater than the least significant difference, 
the increase in yield. hetween treatments is c.onsiclered to be greater 
than could have occmred by chance. 'rhe value for the inel'ease ill 
yield is then computed and compared with the. cost of the aelded ferti­
lizer to detel'mllle the profitability of that particular rate of application. 

'LSD=las ~2/r, in which I" is Student's l at a probability level, s is the square 
root of the error mea n square from the analysiH of variance, and l' is the number of 
replications, 
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T.his method is illustrated with data from a 12-l"aLe experiment. 
The treatment mean yields are shown in table 1. The analysis of 
variance for this experiment is: 

Source of rarialion lJegrees of freedom SU11lS of squares J\{eau square.,
Replications __________, ____________ _ a D45.29 3]5.10
Fertilizers __ _ _ _ _ _ _ __ _ _ _ __ . ___ _ J ] 30, G22. 42 2, 783. 85 
Error ,. _ _ _ _ _ __ _ _ _ _ _ ___ - __ _ _ _ __ _ __ 33 2, 191. 95 (Hi. G6 

TotaL________________________ 47 33, 7G7. 67 

On the n.Yel"nge, the vnrinlion bet\n'en Gte tr('ntm('nt means and the 
oyernll mean is greaLE'r thun the vnriution of the tl"en,tment plots 
abou t ('ach t1"('n tmcnt mNlll. 

The least sigllifi0ant dif:l'(,l'('ne(' with a probability of 0.05 is 11.78 
bushels. In comparing ill(' I('ast signi:fi('ant difl'Prence with the 
changes in yi01ds, it will lw seen thn t a signiiicnnt incrrlLse is obtained 
betwt'c'D app1ien!ions of SO nIlll 100 pounds of .nitrogen per acre, as 
the in(TeaSe in yield is great(\l" than] 1.78 busllC'ls \\-hich might have 
oeclllTed by ('hance. Any increase ill yield from the application of 
more thnn ]00 pounds oJ nitrogC'11 pel" 1l('1"C' migh~ bE' attributed to 
c\if-l"erC'nc,es in the soil bet \\'eN1 plots, U11eYC11 operu t.ion of fertilizl\r 
spn'Il,c\el", and so on. 

An illc]'euspd yiC'ld of 14.2 bushels 01 com 'was obtuilll'cl by adding 
20 pounds of llitrogPll to thc SO-pound rate. At $1.40 per bushel, 
this extra. eorn is \\-orLIt $]9.S8, \\-iJereas al $0.15 apoulld, the aclcled20 
pounds of nitrogen cOi:lls $:3, Titus, the increased yield will more 
thnn pay for the u.dditiotlul 20 pounds of nitrogen. 

A contillUOUS ,I"(·1ntionshi p hetween the t},0atmC'1l t mean yields and 
the quantity of nitrogen applied mny be fl, funC'lion of the form 

(2) 

in which Yj is tbe menu yi('ld :for tbe jtll treatment, 1\1 is the ma,:xi­
mum yield which is nppron.ched as the quantity of fertilizer is in­
creased, A is tbe illcJ"('nsed yield which theol"rtien,lly might. be possible 
between Ut.e yil'ld nt no npplieiltion of f('l"tllizer a,lld the maximum 
attainable :riE'Id, H is tite mtio between suec('ssive increments in the 
yield fo.l." uniform inCl"ellWnls ill qun11tity of :fert.ilizer applied, and X j 

is the quantity of 1"ertiJizel" npplied to the .7th treatment measmod in 
units thaI', n1"(\ multiples of q pounds. This rriatiollship between the 
treatmen l nWllll yiplcls and the uni ls of fertili zel' applied is supple­
mental to elJuation (1) mlil('l" thnn a substitut.e for it. 

Variation .in yields attrihutrc\ to treatment is 1"urthel' subdivided 
into that ('xplnuled by the' JUl)ctionnl rrlMionship nncl the deyiaUons 
from the functional rdatlOnship. This pro('ec\ure is equivalent to that 
used in tests of the linenr, Cllln,dratie, or cuhie (,Heels in the treatments 
for facLorinl expeJ"inwnt.nl ciPsigns. The complete analysis of variance 
is DOW: 

Sourcc of vllrilliion 
Replications ________ "_ 
Fertilizers __ •• _. __ _ 

]Jeyr.e.! of 
freedom 

3 
11 

Sll,m.~ ofSl/llI/rcs 

!)45.2!) 
30, 022. ,~2 

j\{wu sglulres 

315.10 
2,783.85 

Due Lo j'c!-,;ressioLL 
De\'iatiollsal.lout 

J·cgrcssion _____ _
Errol" ______________ _ g3 2,19].05 

1, OG3. 53 
66. GG 

14, 783. 71 

118. 17 

• 

• 

• 

TotaL ___ _ 47 33, 7(\7. ti7 


Ii A clisellssion,of the choice of the funetion .is prcsenteci in a latcr section. 
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• 
By comparing tbe m('llIJ squares for that part of the variation that 

is due to regression with the pad that arises from deviations about 
regression of the fertilizer treatments, 01' the error mean square, ,\·e 
find that the regression 01' functiollall'elationship is very significant. 
A.pproximately 88 pereent 01' tbe total variation-measured by the 
ratio of the sums of squares t.hat are du(' to regr('ssion Lo the total 
sums of squares-is eA-plaiMcl by reluting the treatment mean yields
to ni trogell. 

The maA-1mUDl retlU"n from applying fertilizer cun be determined hy 
eqlJa.ting the value of the increments in yipld\\'ith the \7alue "If the 
increments in fertilizer as 

(3) (AY)PII={AX)Px 

in wmch .AY is the yield in(,l"ement, AX is the fertilizer increment, 
Pv is the yalue of the product PPl" unit, and P x is the eost of q pounds 
of fertilizer. In table 1 the fertilizer illel"e111ent, AX, is 20 powl(ls, 
and the :yield increment, AY, is t.he yield olJtain('d wit.h eaeh successi\7e 
unit. of nit:rogen. ,Yith com nt $1.40 per bushel and ))itrogen at $:3' 
for 20 powlds, the value of the yield increment exceeds the cost of tbe 
fertilizer mcrement for each unit up to and including th(' sixth, and it 
would pay to appI}7 at. least 6 units, or 120 pounds of fcrtilizer. The 
yalue of the corn produced by the sixth unit is $11.62. 

TAB.LE I.-Incremental costs (d and l'eturn8 to nitrogen Oil irrigated 
corn, pJ·pen·ment 10, Ontario, O/'{'{j., 1/)52 J 

• NltrogclI applied pOl' acre I }' (ml"Ill' it'IIl l:;). ldllUJ!.rI' in tl:\ 1'\ I'y (V~IUI' {t,X, Px (cost 
J1Pr 'l(','ll) \ it'ld J (11" '1('.1. or C'ilUIIg:(1.-1U l of t~(l.d('d , . J." . ~ \('Jd) I f\'rtlhz~r)

(
-----(-T1-1il·-S---"'j--P-O-,1-71d-8-,-;~~:.~:;;:_!--;;:I~ . Daliars I [Joilnr.
0_______________ .__ 0 (H. {j _.. •.••. ___ •. ____ • 

2 _________ .. - .. -. -. 4() \)0..,. i 25. S 3(L 12 6.00 
4-__ ----- .. --- .. - SO ]]S.2 . 27. S 38.92 ' 6.00 
5_____ -.' 100 132.·, 14.2 1\LSS 3.00 
6_____ ._._._ . ___ •. 120 ],J.0.7 S.3 11. 62 • 3.00 
L_. ______ •.. 14() ]"1.0 .a .42: 3.00 
8.______ ..•. ___ 'HiO .146.8 5.S § . .l2i 3.00 
9__ . ________ .•.• ___ ISO· 141.2 -5.6 -f.S-~i 3.00 
10__ . --- ______ .____ 200 , ]47.1 5. H 8.26 i 3.00 
12____________ • __ • 240; 1,15. S -1. 3 -1. 82 I 6.00 
14-______ . ___ .______ 280 . 147.4 1. 6 I 2.24 i G.OO 
.16___ .. __ .. 3201 ]43.6 -3.8 -5.321 6.00 

1 

1 Corn if; valucd at $1.40 pcr bushel and nitrogell at J5 cent. .. a pOllud, or $3 
for 20 pounels. 

The exponential function hnplies that any increase in fertilizer 
however smail, produces an increase in yield. IJ tbe most profitable 
application is estimatecl by tbe fitt('cl function, it is found to be 172 
pounds of nitrogen. If the increases in nitrogen application are 
stopped at 100 pounds (estimated by the Jeast significant. difference 
met.hod from 1·eported yields) the maximum return may not be at­
tained. An acldjtiollal 7Z pounds of fertilizer may be appUed, each of 
which can be expected to produce an addjtional return that exceeds 
the additio/utl eost. 

3GGSOSO--5r~2 
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FORM OF THE FUNCTIONAL ]{EJ~ATIONSIU)") 

The functional 1'('i!Ltionship used in this .1lnalysis Lo ('stimuL(' yipld 
response:' of COrll Lo nitrogpl.l ferlilizer is expressed hy the exponrIl tiul 
form: 

(4) 

in wbid) }"j" is th(' y.ie1d of eorll at the ,iLh ratr of ferlilizrl' applira1ion, 
.A/is the:' maximum yjplcl tha.l mn~ UP obtaill(,(\ by lltt' addition 01' nit]'o~ 
g('n fl,rtilizPl', A 1s'tllp illCl'rflRe 'in yield atiJ'iblllahle to nHl'og:PI1 Jpr­
tilizcr, fl,nd Xi is thp quall!il.Y oJ fC'J'lilizC']' appjiPll a.t tJw.ith rat.e of 
applieaJion. This :form of 1 hl' :'-TiC'ld fu nctioll is altl'ibu 1('(\ to Spill man 
(17), ~fjtsc11('rlieh (11) dC'ydopC'ci fL Junction C'quivnl('nt to (,hut 01' 
Spillman. 'I'll(' Yltlul's 01' .:\1, .il, fllld R at'p constant 1'01' a givl'n exp0ri­
n1C'1) t, I:Iow(' \'('1' , HH'Y Ynl'y I}(,t WPI'1l l'x(Wrilll('llt;; 1)(,(,llU;;(, of difl'(,l'('ut 
leyds of otil('l' plant l1\1t1'i('llts twailabll', plant populations, j('vd of 
soil Jpl'tiJity, L('J))IWl'a,luJ'P, soi.! ('ollditioll, nnd mall:'-' Olll('1' fflrLol's. 

The expoll(,lltifll 1'0 I'm oJ lItC' fUTl('t iOIl is ('ollsist(,IlL with th(' principle 
of diminishing iIlCJ'('IlWIl(S. As additionul units of niU'og"('n are 
applil'd, the yields of ('OI'Il incn'nsp nt a diminishing rat('. HowpV"C'l', 
tlt(' ratio of paeh yield in('I'l'llJc'nt (,0 tilc' pl'l'('plling yi(,\c1 inrn'lllPnt, H, 
is eonstant. for alli!lcr'c'llH'll Is of n. particular ex(wr'imel) lal Junction, 
Th(' usC' of lhis fUlle\.ion is consistent with existing pxpcl'imental 
cvidC'net'. 

'1'11(11'(' H(i some limitations ill using tln' ('xpOIl(,lltinl fUI1C'tiolJ to 
ehara,e(.Pl'iz(' til(' )Tit'ld I'PSPOIHW to fpl'tilizc'l'. This JUllction doc's not 
pl'oyjdc :fot' d('('l'(·l11('nls. Tht' jpn'l nt which this JUI1('tiOIl may bp 
intw('uraL(', ho,,'('y('l', gC'Il"l'lIU:,-' in\·olves rat(';'; oJ appjjen.tion beyond 
th(' l'angt' that is eeonomienlly j'PflsihlE'. Although Ihc' mathematical 
least-sqnarc's method of c'stimating til(' ('onstallts for til(' ('xpoJlC'ntial 
fUlJction proviclPs slillHlnl'd prn))'s 01' ('[wit {'Ollstalll, Ut0 sampling 
distributions of til(' ('onslallts ha\'(' Ilot b(,(,1l dis('(wc'I'('d (18), Xc'y('r­
tlwi('ss, tlH' stnndnl'd (,ITors make' it possibl!' to ('\'ulunt(' thes0 ('011­

stauts in t('l'ms 01' U)(' Yn.l'inhilit,Y oJ tlI(' l'xp('I'inH'ntnl data. 
Analysts IHt\'(' USN\ s(,Y(,l'ul othl'r Junctions to J'ef]('ct the l'Plalion­

ships b(,twt'l'1l J'l'spons('s to fl'J'tijizl't'S (4, 7). Pn'cis(' S(']('CtiOIl oJ any 
spP(,jJjr matil('matieai i'ulletiotl t.o c')."]1I'('ss til(' r('lalionship of plilnt 
growth to nil input facto\' c\('(wIHls 011 d('lnilrd eX]JL'I'im('ntnl e"idpllcc, 
Until suell ("Tidc;nC'l' if> i\.,Tuila/'Je, LiJ(' choice of the function is sOlll('wilat 
arbitrary. Th(' exponentinl I'undion is (~olisjdl'l'('d [letl'quatl' for the 
dllLa in this r('}Jorl.° 

co~n~UTATIONAL PROCEDURJ~ FOR EXPONENTIAI~ 
J?llNCTIONS 

Pl'oecc1uJ'es dC'Yeloped by Spillman (17), wbi('l1 w('rl' us('d .in ('arli('l' 
stucli('s l6, pp. 8-15; 12, l)P. 3-11), proy.ide. l('ast~scrunI'Ps estimates 

6 One t.hat closely approximates the exponential function oyer the range of most 
" of the experimenta.l data Itmilttbleis the qlllldratic square root Yi=a.+bjXi+ 

b2,iX in which )Tj is the yield that .results from the jill rate of fCl'tiH1.er applica­
irtioll !llld X j is the quantity of fert.iJizcr applied ttt the jlh .rate. The terms a, bl! 

alld b
2 

arc cOllstants ohtuincd ill a muHip.1c regression umtlysis, The quadratic 
square-root JUIlc:(;ion is of the pol>'nomial form of the second degree with the 
inputs, Xj, trallsformed to the ;;qllltl'(' root of the input, ,IX;. All ud\'ullt!1ge of 
.this function is that it provides for de('rclHCl)tfl to the higher ;rates of application. 

• 


• 


• 

http:muHip.1c
http:fCl'tiH1.er
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• 
of the constants in the exponential equiltion, Yl=}.{- ARxi. How­
ever, estimates cmmot be made of the standard errors of the constants. 
To overcome this limitation, a procedure is available fo[' a least­
squares solution which providE's E'stimates of thE' standard errors (18). 
The computations are straightforward, though tedious. They re­
quire an initlal estimate of R, the ratio bE'tween successive increments 
of yield response. Equations to be solved for 11:£, A, and AaR, wben 
oR is the correction to be made in tbe trial R, are 

11 

=~Yj
;=1 

(5) 	 11:£ ":f:J?Y;+A±R2Xj+A Jr±X,R2.Yj-1 =±R:'iYj
j=1 j=l ;=1 j=] 

3I"i2XjJt\:,-1+A~XjR2Xi-l+A]{±XjR2Xi-2= ~XI1?'j-lYj 
j=1 j=1 j=l j=J 

in whirh n is the numher of trratmrllt means, Y j is 11lr mean yie1<l fOJ' 
the .fth treatmrnt, X j is the number of q-poulld units of fertilizer 
a,pplied to the :ith trratmC'nt, andj=l .... is the summation over 
the n valuE'S of ,Xi or Y j • ThE' solution of these simultaneous equations 
may follow such mrthoclsas the DoolittlE' or al)lJreviated Doolittle. 
The equations in matrix form ar(': 
(6) B·C G; \\-ith 

• 	 EXjR(Xj-1Jn 
j=l 

11· X ±X R(2Xj-llB= 	 ~R·; j 
j=1 j=1 

±X,R(Xj-lJ 	 EXjR(2X;-Z) 
;=1 j=l 

11 

JI ~Y, 
j=1 

c= A , and G= ±RXjYj 
j=1 

. ADR ±XjR(X;-llY j 
j=1 

By inwrting tIl<' matrix B to pro'dele B-1 and multiplying both sides 
of (6) by the lllyers(', W(' have 

('=B-l.G,en 

• 
when 

[DU 	 DI2 DU]
B-l=D= DJ2 D22 D23 

DI3 D23 D33 
and 
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• 
A=D12±Yl+D 22±RX ;y1+ D n±X1R(X;-llYj(8) 

}=1 j=1 j=l 

D ~y +D ~Rx.y +D ~v R(X-llyA i5R.= 13L.J· j 23L.J '·1 33L.J·:l..j , j. 
j=l j=l =1 

Theacl:iustccl R'=i5R+R is used as a s('('.ond estimal('d R and the. 
computations :11'e repeatc'd, each time using thr new eslimntrcl R' 
until the vn,lue of' oR is U,PPl'oximately equnJ to zero. Computational 
procedures for ill\~ertillg the matrix are pro\'idecl in several references 
(1,2).

The sums of thr squares of the dryiations from the fitted r('grcssioD 
curvc 

(9) 

1\ 

are computed by determining tite' predide'd yidd, Yll for each applied 
treatmcut and squuring tbe deyiations from the cXI}('rimental yicld. 

11 1\ 

The estimated rcsidual Yflriancc is 82= ~(Yj-Yjrj(n-3) in which 
J=1 

(n-3) is the number of drgrces of frcedom for the exponential CUlTe. 
The estimated yariance of the eonstants are: • 

82 -82D . 82 -82D . 82 -82(D(10) lIf- 11,..1- 22, n- 33jA2) • 

By assuming that the samplingdistrihutions of thc constants are 
nOJ:mully distributcd about their popula,tion value and usillg thc 
upper and lo\\'er eonJiden('c limits oj' thr constl1llts, we might determine 
an upper UJHl lower Unlit (:un-e as 1'ol1o\\'s: 

(11) 
" Y(2)=(.i\f+SM f".1I_3)+CA-8Ai",71_a)(R+SRi", n_a)X 

in which r(1) is tIl(' 10\H'r limit fuu('lion and P2) is til(' upper limit 
funetion. Thl'se limit eUITes l'epl'<:'sent tIll' limits \yithill which we 
ha,ve a. confideJl(w that the population or "true" ClIl"\'e under the 
conditions of the experimcnt will he included. Fol' the study reported 
hcre, the yt11uc 01' a is tn,ken to be 0.67. 

The variance of the predicted yield for any unit yalue of fertilizer 
input is 

(l ~) ~ - 2[D +X2R(2X-2)D +R2XD +- 8YX_k-8 11 . . 33 22 • 
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The initial estimate for R may be obtained in various ways. Stevens

• (18) gives the formula 

(13) 

in ",·hich Yo is the response to the zero application, Y I to the first rate, 
Y" to the.laE.t mte, and Y("-I) to the next to the last Tu.te u.pplie.d. Use 
of tllls fOJ'muh1 requires that the number of q units of fertilizer between 
the zero rate and the fu'st ratc be. equal to the number hetween the. last 
rate and tltc-next to the last rate. Usually a closer estimate for R for 
initial computations has be(,ll obtained. by the graphic method of esti­
mation outlined hy Ibach and :Mendum (6). Fc\n:'r iterations are re­
quired to obtain the best fit when the initial estimate of R is closer to 
the least-squares estimate. 

In analyzing the exp('rimental data repol'trd here, hoth the mathe­
matical m~thocl and the graphic method of least-squares estimation of 
the constants are used. The drcision as to which should be used on the 
diffrrent eA.-periments was somewhat arbitrary. In general, mathe­
matical methods of estimation were ohtauled for all experiments with 
rates adequate to clu1racterize the response curves. 

ANALYSIS 011' TREATMENTS OTHER THAN NITROGEN 

• 
:MallY factors other than fertilizers affrct the yi('ld of crops. They 

include spacing, application of moistur(', l('\'e] of moisture, placement 
of fertilizer, type of' lllfl,terial carlO)Ting J('rtiliz('r llutrients, and others. 
The methods of anl11yzing the effects of th('se factors differ. A func­
tional TClationship brtw('C'n input factors and the product can be ex­
pr('ssecl, if the input faetor can be quantified in sprciiie terms. For 
example 

(14) 

in which Y is the yield, XI is nitrogen fertilizer, X 2 is the quantity of 
wMer applied, andj(....) denotes some functional relationship. 

However, few input factors can 1)(' quantiliecl so specifically. The 
quantity of water .appliecl (hoth in the form of irrigation and in rain­
fall) Cfill be measured, but other conditions, such I1S the time and 
method of app1icotion, may have as much dfect on yield as the total 
qUl1lltity. '1'''0 treatments in which the same quantity of wat,er is 
appli('d in the same numb(']' of applications, but fit diIl'('rent dates, 
maypl'oduce different yields. On the other hand, two treatments in 
·which twice the quantity of water is appjied in one as in the other may 
produce nearly tit(' same yield if the smaller quantity is applied at 
criticnl periods (14-, p. 23). 

• 
The best, and most valid, comparisons of such nonquantifiable fac­

tors may be the eIf('et of th('se fnctors on the response to fertilizer (3). 
The curyes may approach the same maximum, but one factor may 
cause t;l(' yield to approach the maximum at a lower rate of fertilizer 
input thallaIloth('r. 



12 TECH]'..TICAL BULLETIN 1141, u. S. DEPT. OF AGRICULTURE 

In some experiments, tests of hypothcscs outlilled by Lhe cx]wri­
meIltal design l'esult.('d in no significant difl'cJ"ellees betwceIl tl'eatnwnts 
othcr tllfi,ll. nitrogen JertHiz{'r. Tjw tt'st of signifieanee determilH'S 
whethcl' 01' not the differcnces between trea,tlllt'nts nre gl'etLLer Hum the 
differcnces within trefLtments. Even though the test reveals no grcntcr 
difference between treatments than within treatments, it cannot be 
concluded that t.here are, in fact, no substantial cliJl'erences between 
h·eatments. The analysis of variance test of a llypothesis minimizes 
the possibility of indicating a difference bt'twceJi. treatments wllen no 
real difference exists. However, this (('st may fail to m('u,sure difl'er­
ences that do exist. Therei'01'e, merely not rejecting n hypothesis of 
1)0 diil'el't'nce b()twecn levels oj' other tr('i},tments, such ns phosphorus, 
does not permit pooling of data 1'01' n,Il levels w'hen ('stimating the 
nitrog(,ll rosponse curve. It is known, n, priori, thn,t there is a difl'er­
enee, 1'01' example, betwct'll plots receivulg no phosphate and plots 
receiving 100 pounds of phosphntc'. Tlwrefol'e, the nitrogell Tesponse 
curve for each nonuitrogen t]'ef1tment has heen nnalyzed independently 
and the compfLrisons Imve been mfLde between the maximum Teturns 
to nitrogen for ench response CUl'VP. 

LIMITATIONS OF COST AND BENEFIT CALCULATIONS 

Wllen fcrtilizer is ueed, costs arc increased by more than just the 
cost of the fertilizer. The cost of applying fertilizer is not directly 
related to the qun,ntity used. It deCl'enses per pound applied in other 
than a direct relation. However, these difl'erences are so small tbat 
for purposes of analysis the cost per pound of nitrogen is computed to 
include the average cost of a.pplicntion. 

Costs of harvesting the product on a per acre basis-the unit for 
which the yield of corn is mensured-nTe not mcren,sed Ul dU'eet pro­
portion to the increase in yield. As yields increase, harvesting costs 
per acre fLlso increase for items such as labor, fuel, a,ad equipment use. 
The e£l'ect, however, is to reduce the average per unit cost for all ullits 
harycsted. :Marginal costs of hn.rycsting inct!rred with increases ill 
yields may be relatively small and difficult to estimate. In the study 
Teported here, corn is valued at an assumed market price mulUs a fiat 
ehfLrO'e per bushel for harvesting. 

Aclditional use of other plant llutrients, such as P20s, K20, and water, 
may be an added cost of the higher yields obtained hy using different 
rates of nitrogen. In most experiments reported hero, data are not 
availahle to evaluate this incren,sed use of the other elements. 

The increase of crude protein in corn grain obtained by nikogen 
fertilizer ma,y be considered in terms of higher feeding values as a 
product of the applicfLtioll of nitrogen. This response is a potentifLl 
benefit which was not fully evaluatpd in the analysis reported here. 

Still another benefit of nitrogen fertilizer that was not reported for 
these experiments is the yield and quality of corn stover, tha,t is, 
stalks and leaves without the graiil. The yield response to the residual 
nitrogen in successive years aftpr the initial application is a, product of 
the application of nitrogen, but data from only a rein,tively few eAJ1eri­
ments fLre a,yailable for evaluating these residual effects. The yalue 
of both general soil improYcment and erosion control as a result of 
increased production of organic matter and its return to tbe soil needs 
to be considered, but experimentfil data with which evaluations could 
be made were not recorded for the experiments studied. 

• 


• 


• 
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EXPERIMENTS STUDIED 

LOCATION 

Thirteen c:\l)eriments on the application of nitrogen to irl'igated 
corn wore cc;nclucted in cast-central Oregon. Four of these were at 
the :Malheur E}.lHll'inwnt Station at Ontario, Ol'eg., and nine were on 
farms in adjoining areas. Seven experiments were in south-central 
'Washington, in the Grand Coulee irrigation project. Five of these 
were on the ~10ses Lake Development Fm:m, and two were on the 
Il'l'igation Experiment Station Irn.rm at Prosser. An experiment at 
the Umatilla Field Station at Hermiston, Oreg., was n.lso in this gen­
eral area. In the in'igatecl areas of Nebraska, seyen experiments were 
at the Scotts Blufr Experimcnt Rtn,tion in w('stern Nebraska, and one 
was on a fn,rm neal' Hardy in sou th-c('ntntl N cbraska. 

OBJECT OF EXPERIMENTS 

• 

Nitrogen was known to inC1'('fLSe yields greatly in areas ill which t,ile 
experllllcnts w('re concluctcd, hut additional information was needed 
to ascel'tn,in tll(' response to diJl'erent rates of l).itl'ogen applied in con­
junction ,,-ith diffcrent culi;urnJ prn,etices. To obtain the maximum 
informn,tion from available research resources, as many different con­
ditions ns possible were included in the e:\.-perunents with nitrogen. 
Only tlli'ce expet'lments were designccll1ud conducted specifically for 
the ])urpose of ascertaining the most profitable rate of application by 
procedures used in this r0pOl't. These were experiment 10 at Ontario, 
Oreg., e~q)eriment 51 nt Hardy, Ncbr., and experiment 32 at Prosser,
vI!ash. 'l'hese experimCllts were cleSlf;ll('cl primarily to obtain irrforma­
tion on yield response for use in illV('stigfl,ting the technical aspects of 
economic analysis of (e:tilizer-mte experiments. 

TEST SITUATIONS 

In all these nreas, the gl'o\\Ting season is adequfl,te and the climate 
suitable fOl' production of irrigated corn nt yields thnt exceed 100 
bushels per aC1'(I. Irrign,tion is essentinl to successful production of 
corn ill all these areas except south-centl'n.l Nebraska. In vI!nshington 
and Oregon precipitation is mlliteel. Ordinarily it is of little conse­
quence in the growing senson. For this reason, the moisture variable 
can be' eontrolled by ])1'oper irrigation. At the Scotts Blufr station 
U). N el)l'aska, precipitntion Ul the growing season sometimes alters the 
number nnd extent of il'l'igntions needed. 

The number of uTigations applieel in the various experiments ranged 
from 3 to 15. In general, in the experiments in south-central Wnsh­
ington, more uTigations were applied thn,u are commonly applied by 
fnnllt'l's. On the plots in the Ontario, Oreg., area, the most common 
number of irrigations hy farlUers 'was 5. The quant,ity of water applied 
in en,ch ll.'J'igation appn,1'entIy varied considembly, but in only n few 
instan<:es was the q u B,lI (ily repol'Lccl. 

• The il'l'igatioll sehcdulcl 1'01' ;3 expet'iments in vVnshington and 1 each 
at Hennis(ion, Oreg., B,nd i::ieotLshluIT, Nebr., WfLS <letet'luin.cd by tcusi­
ometcl's whieh JllcnSlll'e soil moistul'c. In the I'cnu1ining experiments, 
tlle plots WCL'C llTigated Oil Lllc basis of expel'ienee aucl judgment hy 
the tec1mieinns and, ill the case oJ farm experiments, by the farm 
operators. 

http:letet'luin.cd
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.All soils in the vVashington aren. exprriments al'efine saudy 10ams 
of tho Ritzville and Ephmtn, seril's. Those' at Scottsblufl', N ehr., arr • 
Tripp VCl'y fine sanely 10a111. At Hardy, K ebr., they arc Wn.ukeshn. 
silty clay lon.rns. At Ontn.rio, Orrg., most 01' the soils arc silt 10n.ms 
bu t they n.re not formn,lly elassifiecL. 

Orclinu,ri1y, phosphn.le is noL applird to corn. in n.ny area studied. 
Experimentn.l e\'ici(,l1(,(' dors not inclicn,tc nerd for phosphorus at 
Ontario, Oreg. Phosphonls wns n,pplil'd, 110",en'l', n.l n. singl<' !'n,Ll' to 
tbr p}ols in s('Ycrnl nilrogl'l1 ('xpcrinwn(s us n, preeiLulion in eiLse it 
becamc n, limiling fadol' whm higilml('s of nilrog(,ll w<'re n,ppIicd. 

Adn.pled ('om hyhl'ids "'l'I'e us('cl in cn,elL ('xIH'l'iml'nt. Idn.hyhrid 544 
WitS uf:;rdinll of the I:~ <':qwriuH'nts n.t On(iLrio, Oreg. In]\T('hmskn" 
adapted h~-d)rids, l\('hraskn, :101 nnd [)04 n,nd Io\\'n. 4310, ,,'('re used, 
and in the \\~fislling(on l'XIll'rinwnls,hyhrid IO\m 9:~9 wn,s used, 

ONTARIO, OJmc., EXPJmDIENTS 

On eight ('xp<'l'illlC'nls ('ondll('U'd on fn,I'm fields, til<' fn,rlllc'r prdormrd 
iLl] production pradie('s; irl'iga,lion, inducting (iming and quan(il~' of 
\\'n.('r appli('d, ,,'as dOll(' in (ltl' usual way. 'J'l'e\tllicin,ns sejpcted iL sit(' 
within ttl<' nrld, appli('d lh<' fl'rlili%pr, lI.nd han'('s[l'(\ nml lllt'ilSUl'NL til<' 
yil'lcLs. TIl<'s(' e.:qH'l'iml'nls an' Illlmhl'l's 2, :~, fi, G, 7, 1 J, 12, (1nd 1:3 
(tn.1>le 2). Tlte numhl'1' of il'l'ign,tions 1'01' tlu's(' ('xlwl'im('nts vn,l'ied 
from 4 to 15, hut tltl' quantity of \\'n.[('1' wus not men,sul'('cL. 1Iost 
fm'm('rs irrign,led [) (imps in [.hE' growing SC'ftson, hut 1 fanner il'l'ign,t('d ' 
eyery 4 or 5 dn.ys in ,TUM, ,Tuly, n,nd August. '('It(' pln.nt populn.tion 
vt),riecl from 9,700 to 21,400 pln,nls per (1('I'C, TLwmtr of pln,nCing • 
yn.rircl h('t\nwn fn,l'ms. (S('(' nPlwndix tn,hIe 40 for dl'tai1s 01' test 
conditions of tltl'se rx]wl'il110nts.) 

Rt'E'pons(' to nitrogNl WI1S sLucliNl ill ('xp('I'inll'n(s using both 100 
pounds of :P205 ])E'J' n,(,1'e n.nd no P 20s. Till' nnn,lysis indi('n\('cl no sig­
l1ifLl'an ( diJ\'t'I'PII('l' lwLw(,,'tl yi('lds \\'i th and wi thou ( P205 (5). In 6 
of the 8 eXIWrinll'nts, ('orn J'ollo\\'('d sl'YI'rn.l.nal's of 1'0\\' ('I'OPS to ",hic'l1 
yelT liLLle eOnnlll'I'('in.l fl'rtili%(,I' 01' lUanUI'(' hn,cl b('<'11 n,pplied. In the 
other two ('x])(,l'imel1ls, (,Ol'n [ollowl'd n.l[n,[fa. 

R<'sults of L!J('sl' ('xp(,l'il1lenls indi('tl,[rtIll1,t nitl'ogl'll iU(,I'('usrel yields 
on 6 o[ thl' 8 [n.nns Lo it L~'yd of n,ppI'OXiJlHllt'ly J 10 !.HlShl'is 1)('1' tll'l'e, as 
shown in tnNe' 2. LiLLlc' inel'ense in yi<'lel wus obln,in('cl [rom nitrogen 
in expel'imc'nLs 5 n.nd G, bol,h of whi('h wC't'(' on aHtllfiL lund. TIl(' 
yield on tIl<:' ('hcck plots in ('xl)(,l'imcnL G, which [ollo\\'(,d 1 yC'nl' of 
alin.lJn, ,,'ns 125 bushels P('l' n,('I'C' \\'iLl! n, plant populn,Lion o[ 21,000, 
nne! the yie'ld on the ehcl'k plots in ('xpel'lment, 5, which folloWNl 4 
YClLrS of nlf!tLfn., wn,s 110 bushds pel' aere, with a pLant populiLtion of 
11 ,000. 

Teehnieialls ('ontrollcd nIL oprmtiolls in planning nnd ('onclueLing 
experiments 1,4,8, n,nd 9. :Mosl opemLions also wero eonLroUrd in 
expel'imen t 10 which was eonducted on n, farm field. In 1 experiment, 
corn was irrigated 4 times; in 3 exp<'I'im('n ts, 5 tinws; and in 1 C'xp('l'i­
mont, 8 times. The phLllt po])uLn.lion l'iLng('e! fl'om 15,120 to 2:3,230 
plants pCI' acrE'. jJ}xpcriments 1 and 4 fl,!i ('hC' 1'Iialhcul' E:q)cl'iment 
Station illdicatNi thn,(i (,here was 110 response to phosphn,Le fl'I,tilizer, • 
as show]\ in table 2. (Sce n'PPl'lldix table 40 (01' details of test condi­
tions of these expel'iment.s.) 

http:phosphn.le
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\. TABLE 2.-Yield of i'rrigated corn PC?' acre, in 'response to applied 
phosphate and nitrogen, Ontario, Oreg., 1950, 1951, and 1952 I 

Yield, by nitrogen applied per acre' 

Experi- Farm and year nppli(~d
mCllt 	 pcrucrc 0 100 150 200 

pounds pounds pounds pounds 

p,o, 

po~dS I 
Poul/d. RIL,lId•• -:::-1 BIt.,he/. RIMhel. Bushels

1 ______ 1\falheur Expt. Sta- '{ 0 180. S H2.0. 1:35.6 137.9 ------­
tiOll, 1950. 100 13L 1 130.6 140. 9 -- .... -_ .... - ------­

0 '.H.5 S3.1 106.7 117.12______ Moeller, 1950 ______ { 	 ------­
100 4S. 4. 88.4 ] 13. S 

3____ -_ Hobson, 1950 ______ { 0 39. S 64.5 66.3 1~~: ~. 1__ == =~: 
100 4.9.1 63.1 (;4. 6 57.9' SO..2 

4 ____ -_' Malheur Expt. Sta- { 0 S1. 4. 100.S ] 17.2 06. 0 -------,... 
tion,1951. . 100 80. 8 105.7 120.9 109.5 ------­

0 110. 9 117.1 105.3 112.8 103.95______ Van de Water, 1()5L { 
100 107.7 ll4.4 	 lt6.1 109,8 95,8 

]24.4 11S.2 117•.96 _____ .1 Custer, 195L ______ { 0 124. 5 I 128. 7 f 
100 1~:3. G 12~. 3 • 128. 0 123.8 120.6 

0 10'1.0 114.8 110. 4 >-- ____1 Moo1l", 1~51 ______1{ G4. 0 I 81.4
100 58.9 98.7 108. 9 ILL 4: 107. 7 

8______ 1 1\falhe\lr Expt. Sta- 0 112.9 130. 2 135.5 135.2 -----;--
I tiOIl, U)51. { 0 55.7, 97.6 104. 6 114.2 110. 5 lL____1 Cloud,1952________ 1 

107. 9 132.7 114. 7 100 ! 62. SI 9S.7 
0 71. 3 95. 9 107.7 9S. 3 112.712 ___ -_ Martitl,1952______J{ 

100 63.9 92.1 9S. 5 102. 2 118.5 
118. 2 IDS. 00 90. 5 	I 109. 0 I105.9

13_____ Benedict, 1952_ - ___\{ 100 82.81 109.8 	 108.5 lOS. 1 104. 9 

• I Yields itl bushels of 56 pounds at 15.5 percent of moisture, average of replica­
tions. See appendix table '10 for reference and test conditiollS. 

2 Applied 	as ammonium sulfate IJ, few clays after planting, approximately 4 
inches from oue side of the row and 3 to 5 inches deep. 

Com followcd seYCl'al years of row crops in expel'imcots 4, 9, andlO. 
E).-pel'imcnts 4 and 9 wcre on land that had becp wcll fertilized in 
pnwious years. ExpCl'iment 10 was Oll laud that had rcceiyed 20 
pounds of nitrogentlie previous yeaI'; it had had no fertilizer foJ' the 
7 preceding years. E).-periments 1 and 8 were on land that had recently 
been in alfo1£a. 

The yield pattcl'll for e).-periments controlled by technicians ap­
pearod Lo be somewhat higher t;han for experiments on farmer-conLrol­
led nelc1s (see tables 2 and 3). For 3 teclUlician-colltrolled e).-per­
imenls-l, 8, and 9-yields ranged from 95 bushels 01' mOl'e per acre 
for the check plots to about 130 bushels per acre with 150 pounds of 
nitrogen. In experiment 4, the yield was 80 bushels pel' acre with no 
nitrogen and 117 bushels with 100 pounds of niLrogen. The range in 
yields for experiment 10, which was on a field of relatively low fertility, 
was from 65 bushels pel' a('re with no nitrogen to 146 bushels w.itb 240 
pounds of nitrogen applied per acre (table 4). 

366808°--56----3 
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TABLE 3.-Yield of i1'rigated corn per acre, in 1'esponse to applied 
nitrogen, experiment 9, MalheuT Experiment 8t4tion, Ontario, Oreg., 

1 

1952
 

Yield by spacing between rO\,'s 3 


Nitrogen applied per ncre (pounds) 2 


30 Inches 36 inches 38 inches 421m'hes
I 
.. 
Bushe~. Bllshel.• Bushels BllShel.•

0 ____________________________ 	 %7 ]06. 1 
98. 0 IH. 6
50 ___________________________ 126.4 120.4 121. 9 
110.8100 __________________________ 
130.4 134.2 129.3 128.9150 __________________________ 
14.0..2 138. 4 134.5 119.4 


I Yields in buslwls of 5(i pounds at 15.5 percent of moisture, average of replica­
tions. S('c appendix tabl(' 40 for referl'!lce and teiit conditions. 

2 Applied as ammonium :;;ulrate a few days after planting, approximately 4 inches 
from one side of the row and 3 to 5 inches deep. 

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

TAllLB 4.-Yicld of i1'rigaled corn and C!"1uZe 7)1'olein per acr(', in 'l'cspons(' 

to 12 rates of applied 'nitrogen ,W('sl('/'Il S'{atcs, 1952-53 1 


.Avernge yield Jl~r acre 

ExperimentExperiment 51 ;Nitrogen applied Experiment 10 ' 32 1 


per ucre (pounds) 


Protein
Carll Nitrogcll CornCorn Nitrogen 	I Protein 

(6.25x",')(G.25xN) 

BlI8hcl,. Percellt Pounds BlL.;I,c/•• Percent POll1llis Bllshels
0. __________ 64.6 1.11 250 22. 6 L 38 109 12.5

40 __________ 

80__________ \)0. '1 1. IG 30S (i\). 6 1.33 324 Ml.9 


11S. 2 1. 26 520 I 102.2 1. 42 508 89.3 

100. ________ j 	 132. 4 1. 29 508 1.1 1. 2 L 50 I 584 -------­
120 ______ • __ 	 140. 7 1. 35 G(iG 11.3. L L (Hi 657 107. 5 


141. 0 1. 35 (illS 125. G 1. G7 73'1 -------­1<10---------1J60 _________ [ 	 113. 5 
HG. 8 J. '10 7.18 .121. 2 1. 70 721 

180. ________ 141. 2 1. 4,t 712 125.7 1.68 739 -------­200_________ 

l'l7. 1 1. ,l9 7(i(j 1.1 O. <1 1.78 H4 134. <1 
240 _________ 	 805 133. 1
I 
 1'15.8 1. '17 7'W 120.2 1. 7S 
2S0 _________1 	147. ,1 I. 53 78S 12!l. G 1. 68 762 1'10.3 


H3. 6 1. 53 770 123. \) 1. 74 755 134.3

320. --------1 153. 2
-T------- ----.3GO. ----- ­4,10_________ -------- -------- -------- --------:-------- -------- 155.7 

H9. 9
520_________ -------- -------- -------- --------t-------- --------

I Yields in bushels of 5(i pounds Itt 15.5 percent of moisture, ILVernge of replica­
tions. 

2 50 pounds of P 20s per acre npplied to all plots in experiment 10, Ontario, 

Oreg. Nitrogen npplied as ammonium sulfate. See appendix table 40 for refer­

ence and test conditions. 


3 See appendix table 42 for refercnce and test conditions on experimcnt 51, 

linrdy, Nebr. 


• See nppendix table ~U for reference and tCRt conditions on experiment 32, 

Prosser, Wash. Crude protein yield not [wailable. 


.' 
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EXPERIMENTS IN CENTRAL WASHINGTON AND AT 

HERMISTON, OREG. 


Eight c1.-pcrimcnts of l.1itrogeIl application to irrigated corn were 
conducted in this area (9,15,1.9,20). (See appendix table 41 for details 
of test conditions of these cA.-pedmellts).7 Technicians controlled all 
phases of these eA.-periments. Except for experiment 33 at Hermiston, 
'Oreg., and experiment 29 n,t 110s('sLake, Wash., they were conducted 
on virgin soils. So,mc of the virgin soils had to be leveled before the 
eorn was planted and irrigated. In expcriment 30. the virgin soil 
was seeded to alfalfn, and cropped for 3 years before it was plowed 
and used for the corn expcriment. 

The number oJ irrigations in these experimcnts ranged from 3 to 
15. 110isture control in 4 expcriments was guided by means of 
tensiometers. E)..-pel·illlcnt 27 included 2 moisture levels, with the 
lower level limited to 3 irrigatiolls, which were insufiicien t to insure 
satisfactory response to nitrogen. In nJl other experiments in this 
area, irrigations ranged from 7 to 15, and apparelltly they varied 
consiclern,bly in the quanLity oJ water applied at each irrigation period. 
In experiment 30 at :Moses Lake 3.08 acl't'-feet of water wa.s applied 
in 9 irrigations. In e).lwriment 33 u.t HennistOT,l, Oreg., in the southern 
part of this south-central aren" 5.07 acre-feet of wn,ter was applied in 
15 irrigations, 3.65 acre-feet in 11 irrigatiolls, and 4.21 acre-feet in 
13 irrigations.

Experiments 26 and :33 included 3 levels of moisture and 2 rates o,f 
plant spacillg. E)..l)Crirr.ent 29 tested 3 methods of placillg the 
fe.rtilizer, and experiment 31 tested differences among 5 nitro,gen 
cn,rriers. In experiment 27 the effect of a vetch cover crop preceding 
corll and 2 levels of moisture was studied, anci in experiment 28 the 
.response to the residual nitrogen from experiment 27 was .measured. 
Experiment 32, at Prosser, included 12 ra.tes of nitrogen application 
ranging from 0 to 520 pOllnds per acre. This was clone to learn the 
response to, nitrogen n,t higb rates of application and to provide data 
with which to compare diil'el'ent functiolls for the yield curve. 

Plant po,pulations l'angcd from 14,500 to 32,700 plants per acre in 
experiments 26 and 33. Plant populations were COllstant in eaeh of 
tbe other experiments, but they varied 11ll1ong experiments. In aU 
instances the virgin soils a.pparently were low in available nitrogen, 
and large increases in yield were obtained from the application of 
nitrogel,l fertilizer, as show11 in tables 4 to 10. In this area, soil 
phosphorus is c,onsidereclsuflicient fo,r prochlction of COrll. With 
adequate moistlU"e, applicn.tion of nitrogen resulted in yields of up 
to approxima.tely 150 bushels of corn per acre. 

7 1053 ANNUAL REPORT, COLU~!.llIA lIAHN INV;ES'l'IGATlONS. Division of Soil 
Management, Irrigated and Dry Land Regions, BPISAE. [Unpublished.]

Nelson, C. E., and Viets, l!'. G., [Jr.] A COMPARISON OF SIDE PLACING, SIDE 
nHESSING AND BHOADCASTING COM~l'EHCrAL ~'BR'l'rr,lZ}JH ON F.LE[,D CORN. U. S. 
Bur. Plant Indus., Soils, and Agr. Engiu., Res. Rpt. 184, 5 pp., illus. 1950. 
[Unpublished.] 
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TABLE 5.-Yield oj it'rigated corn per acre, in response to 'various jer­
tilitytreatments, 3 moisture levels, and 3 plant spacings, experiment 
26, Prosser, liVash., 1947 1 

Nitrogen applied per aero- Yield, by moisture le,'el • and plant spacing I 

At planting Later ~f,,'i, I Af,S. I Af,S, ! Af,S, I M,S, ,'vI,S,time (pounds) (pounds) ! 
BIl.,hc/s Bllshel., BIl.,hel., BIl.,hel. BIl.,hel•• BIl.,hel.,0___________ 

0 20. 9 9. 7 24.6 11. 6 19. 8 13.640__ . ______ 0 48. 3 47. 5 49. 2 38. 9 54.2 33. 8 
80 __________ 
60 __________ 

~ 

0 77.3 60.1 77.4 72.5 72. 3 62. 7 
0 95. 7 76.7 77.2 78. 7 92. 5 85. 9 120_________ 0 120. 1 105.4 110.9 126.6 118.7 122. 6 

40~ ___ 40 83.2 62.0 81. 8 71.3 72. 1 78. 9 
60. ______ ._ . 60 107.6 91. 4 101. 6 106.1 99. 8 101.2 
80. _. ______ .. 80 ] 15.4 125.1 ]26.7 ]26.4 1'11.1 132. 1 
120_________ 120 136.2 159.3 148.2 147. ] 145. 2 156. 1 20 ___________ 

60 ]02.4 ]08.8 ] lO. 5 91. .2 Ill. 8 93. 1 
120 ~____ . ___ 0 152.5 158.8 14.3.2 162.9 150.2 173.4
60 5___ .. ____ 60 ]02. 1 103.1 102. 9 101. 8 ]02.0 89. R 

I -1 Yields in bushels of 56 pounds at 15.5 percent of mOIsture, average of replica­
tions. See !Lppendix. table 41 for reference and test conditions. 

2 ]11=irrigated when soil moisture tension reacJled 300 cm. ',\'ater @ 9/1, 11 
irrigations; M'2 =irrigated when soil moisture tension reached 4 atmospheres @ 
9", 5 irrigations; ]{3=irrigated when soil moisture tension reached 41ltmospheres 
@ 9" until silking, then krigaterlat 300 cm. water for rest of season, 8 irrigations. 

381=12" x. 36" spacing, 14,500 plants per acre; 8 2=8" x 24" spacing, 32,700 
plants per acre. 

~ Plus 15 tons of manure. 
s Plus 100 pounds of 1'20 5• 

TABLE 5.-Yield oj irrigated corn per acre, in response to various jer­
tility treatments, 3 moisture levels and 3 plant spacings, experiment 
33, Hermist,on, Oreg., .1947 1 , 

Nitrogen applied per nerc- I Yield, by moisture lo\'el ' and plant spneing 3----I .1',0, 
applied

At plllnting Later per ucre i 
Al,S, l ,H,S, ! ,\0[,8, t ,V,S, I Af,S, ]o.[3S,lime (pounds) (pounds) 

I I I 
POIL1/(/' Bu.,hcl., BIl.,hels BII.,hel., Bu.hel., BII.hel., Bushels40_____ • __ 0 100 7.1. 2 38. 6 65. J 36. 3 49. 0 34. 2 60 ________ 0 100 77.2 ,5u. (i 82.0 40. 2 81. 4 52.4 

80____ ._._ 0 100 81. 8 78. U 88.9 72.0 77. 2 65. 9 
120.______ 0 .100 111.u 88. 2 ]09.0 70. 5 118.4 83.840 ________ 40 ]00 92. 3 62. 2 102. 6 62.7 97.6 65. 1 60 ________ 

60 ]00 107.0 ]04.4 112.1 90. 8 116.5 95.080 ________ 80 ]00 113.4. 123. 7 130. 4 99.6 117.3 110.3120 _______ 120 100 127. 3 135.8 \22.6 90. 5 .132.0 131). 4
120 ~ _____ 0 100 109. 6 98. 1 115.3 105.4 116.8 114.560 ________ 60 0 ] 10.2 99. 1 109. 0 68.8 120.7 87. 6 

1 Yields in bushels of 56 pounds at 15.5 percent of moisture, average of replica­
tions. See appendix table 41 for reference and test conditions. 

2 MI = irrigated when soil moisture tension reached 400 cm. water @ 9", 15 
irrigations; .M2=irrigILted wJlen soil moisture tension rllached 9 atmospheres @ 9", • 
11 irrigations; ,i\13=irrigated when soil 1I10i::;ture tension reacJled 9 atmosphere::; . 
until silking, the.n irrigated when tension reached 400 cm. for 3 weeks during polli­
nation and silking, and then continued us before. 

381=12" x. 3611 spacing, 14,500 plunts per acre; 8 2=8" x 24" spacing, 32,700 
plants per acre. 

4 Plus 15 tons of lllanure. 
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TABLE 7.-Yield oj i1'rigated corn per acre, in response to dijJerent rates oj applied nitrogen at 2 moisture levels, 'Ih-1-th and 
without vetch cover crop,expel'iments 27 and 28, Moses Lake, Wash.) 1948 and 1949 1 

Treatment in 1948 and yields in 1948 nnd 1949' 

Nitrogcn applied ;\f,V, };f,V,
pcr nerc. 1948 :'\I,V, "'1,1', 


(pounds) 


1948 1949 3 Total 1048 1949 3 Totnl
1048 19491 Totnl 1048 1049 3 Total 

Bu.hels Bushels Bu.,hrls Bll8hel& BU8hels Bushel., Blt&hels Bushels Bushel. Bushels Bllshels Bu.,hels
0 ________________ 23.7 J03.863.8 77.7 15.0 92.7 58.9 25.8 84. 7 80.144. 8 19.040_______________ 82.4 22.1 104. 5 105.7 27. 0 132.7 77.3 20.3 97.6 96.2 27.1 123.3 
80 _______________ 28.3 132. 4- 100. 4- 30. 3 130.7103. 4 23. 6 127. 0 113.9 26. 1 140. 0 103.6 

136.6 103. 2 54.8 158.0120______ -------- 129.4- 45. 3 174.7 143.0 50. 6 193.6 94.6 42.0 
160 ______________ 205. 0 106.0 27.2 133. 2 119. ·t 79.5 198.9120.8 22.6 143. 4- 143.1 61. 9
240______________ 159.1 116.1 94.2 210. 3 135.4 42. 8 178.2 144. 4 84.8 229.2 93. 9 65.2 

tension, 3 irrigations; VI = no vetch cover crop; l'1= vetch cover 
average of replications. See appendix table 41 for reference and crop (plowed u:1,·ler). 

1 Yields in bushels of 56 pounds at; 15.5 percent of moisture, 

3 No fertilizer \\'ss applied and irrigation was uniform und test conditions. 
2 l'rf)=low moisture tension, 8 irrigations; M2=high moisture ample. 
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TABLE 8.-Yield of irrigatecl com 1Jer acre, ,in l'eSjJ07W! l011ill'ogen ap­
plied by 3 (liifel'ent methods, expl'1'imenl 29, :M:oses Lake, Wash., 1949 1 

Yield. by method of applying nitrogcn 3 • 
I 

".Nitrogen applied per ncre, 1040 (pounds) , 

Broadcast' ciidcplaccd Sidedrcssed 


(1) 	 (~) (3)
1 

BIl.,lIc/.,0 ________________________________ _ BIl.hel. Eu.hd., 
44. 2 S7.4 51. 540 _______________________________ _ 
6S.1 115.8 91. 7 80_______________________________ _ 
71.4 ]17.3 116.3120______________________________ _ 
60. ] 113.1 U8.71GO______________________________ _ 

240 _______________________________ 1 65.7 135. 6 134.8 
G5.2 145.7 )30.0

r 

1 Yields in buslwls of 56 pounds at ] 5.5 percent of moisture. average of repli ­
cations. See appendix table 41 for reference and test conditions. 

250 pounds of 1'20 5 per acre broadcast ov('J' entire' arelL. 
a Ammonium I1itml'e: (1) Broadcast and harrowed in before seeding; (2) side­

placed, 3 inches to the side and 2 inches below seed at seeding time, May 11; and 
(3) sidedressed. 4 inches to the side and 4 inches deep when the corn was 12 inches 
high. June 9. 

• Precipitation was ,'cry light. The infiltratioo rate was low so the surface 
soil was not all ,,"ptted at an irrigation. ']'herefore, some of the appliedl1itrogen 
may not have reached the root systems. 

Units 	 Yield 

I'0____________________________________________ _ POlmds Bushel., 
o 125. 81 ___ - ________________________________________ _ 

'10 14.0.22 ____________________________________________ _ 
SO 1G6. 83 ____________________________________________ _ 

120 164.34 ____________________________________ . _______ _ 
IGO 1GS.55 __ --- _______________________________________ _

3 ____________________________________________ _ 200 161. 8 
3 	 3120 1Ol.1 

1 Yields in bushels of 56 pouncls at 15.5 percent of moisture, a,'erage of repli ­
cations. See appendix table 41 for l'pfer('nce and test conditions. 

2 Fertilizers applied 2 jnches below und 3 inches to the side of seed. 
3 Plus 60 pounds of 1'205 applied as superphosphate e'l3-percent ]>205), 

T~\BLE lO.-Yield of i1'1-igateti COl'n pel' a.cl'e, in 'response to 5 forms and 
dijJe1'ent mles of applied nill'ogen, expel',zmen t 31, 1I10ses Lake, nrash., 
1952 1 

Yield, br nitrogen applied p~r acre' 

Form of nitrogen applied 


opounds 40 pounds I so Jlounds 160 pounds 

EI~,hels Eushels Ellshel. Bllohtl.
Anhydrous ammonia. _________ _ 7G.2 97.4 128. 8 160.3
Amlilonium sulfate____________ _ 7G.2 111. 1 143.8 159. 8 
Ammonium. nitmte. _____ • _____ _ 76. 2 107.1 132. 8 155.5
Calcium uitmte_______________ _ 7G.2 101.G 112.4 138. 5 Urea________________________ _ 

76. 2 101. 8 123.1 147.9 • 
1 Yields in busbels of 56 pouuds ut J5.5 percent of mOisture, average of repli ­

cations. See appendix table 41 for reference und test conditions. 
2 Sidedressed after emergence. 
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NEBRASKA EXPERIMENTS 

Technicia.ns controlled 7 C').l)(,1'illlC'll ts at thC' SeoUs Bluff ExpC'rimC'nt: 
Station. The cultural pra,eliees for exp(,l'iml'ut 51 fLt Hm'ely:in south­
eentral Nebmska. were farlll('r-eontrollC'd (14).8 (H('(' n.ppencli~ table 
42 for d('tails of test conditions.) This C'XPl'J"inlC'llt was on a, field or 
low fertility, and 12 ratC's of nitrogE'n l'a,nging from °to .320 pouncls 
peraere were a,ppliecl. It was f'onrlucl0c\ pl'illla,rily to obtain da,ta 
with which to ehnmcLl'l"iz0 th(' y.iC'lcl ClllTe of llTiga,tcd corn treated 
with nitrog01l (table 4) . 

.At tbe Heolts BlurT stiLtion, in C'xp0l'im0ut 52, 5 rat('s of nit1'og(,Jl 
ranging from °to :320 pounds 1)('1' a,cro W0ro StUCli0Cl. '1'111'0(' spacing 
variables n.nel three moistU1'0 ya,riab10S w('r(' inclJldecl (tahle ] J). In 
C').,})criment, 53, nilrogl:'ll wa,s a,pp]j('d Lo po(ato('s in ]949 at the rn.t('s 
of 0, 40, SO, ] 60, n.Dcl :320 pounds ])('1' acr('. In 1950 the plots \\'('re 
split. HaJJ of ('ad.l plot J'('c0iYecl no furUt01' fertilizeI'. Coru was 
grown on thes0 plots in ] 950, sugar heds in 1951, and corn aga,in in 
1952. On tll(' l'pmal111ng ha1f of 0ach plot eorn was grown wilh an 
appliea,tion of 40 pounds of nitrogen in ) 950, suga,J' heets with an 
application of 80 pounds 01' nitrogen in ] 951, n.ne! corn again with an 
a,pplication of 80 pounds 01' lut.rogC'llin 1952 (tahle 12). 

TADI.E ll.-Yield oj i1'1'1galcdcol'll per acrc, ill l'CSpOllSC to 3 methods 
oj i'rrigaJio'n, :3 pla'lll 8)JetcinfJ8. and different Tates oj nitrogen applica,­
(ion, c:1'7Jf7'iment 52., Scottsbluff., ~N('b7'., 19,49 1 

Plant Sllncing, and lUolstur~ 1,,"01 2 , I I! 0 pounds _40 poundS! 80 ponuds llGO pounds !320 pounds 

3G-inch "ptwing: Bushels BIl.,hel" Bu"hrls . Bushd., i IJu.htlsI11f _ _ -, ____________________ -: 
l 12·\ 1 ]20 i ]22 .12] ! 118 

llti 1H) i 124 ]27 12G 
120 \ J:~2 ' 13:~ 135 135~j:=: ====: === === ====== == =::J 

t 

28-inch ~PtJt'ill!-!:: 
)1/1_ - - ... - _ .. - - - - - - - - - -" -. 12ij ! 1:30 1:{(l 1:39 1:35 
11.12 - - - - - • - - - - - - - - -, -, - -, - - -: 120 lHG l:{fi 1:39 144 
]I,."a - • - ___ -, _•• ___ ........... __ ' 140 1:3U l80 147 1'14 

20-int'h IlpaeLng: I I
Af l __ .-.-.---._-- - •• - •• --_ •. :1 :3U l:H 1:j4 130 128 
Af2 .... _ ...... ,.-._ •• ---". 124 1:30 J::\{i 1a5 13G 

3 1;~3 148 ,, 147 147 14.5 
AJ _________________ • _____ _ 

I 
I Yields .in bushels of 50 pound" at 15.5 percent of moisture, ayerage ofreplica­

tion!'. See appenclis table '\,2 for r(,[('1'('])('e !l.nd test conditions. 
2 M I=i.lTi';l1tecl WhCll readings of 10,000 ohms resistance were obtained in 

gypsum blocks: llf:F""irrigated whell 1'eadin,;s of 800 ohms resistance were obtained 
in .gypsulll blocks; M:I=irrigated when readings of 250 mm. Hg. \\'ere obtained ill 
UJ!lsioIHeters. 

a Additional fertilizcr was applied to each different replication as: (1) 25 tons 
of manure; (2) 25 tons of manure and ,lGO pounds of nitrogen; and (3) 40 pounds 
of P205 and 40 pounds of nitrogen per a(,'re. aIle replication had no additional 
fertilizer besides the nitrogen. 

8 UIlj)ubJished di1ta of thc Scotts Bluff Experiment StILtioll, Scottsbluff, Nebr. 

http:Technicia.ns
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TABLE 12.-Resiidual yield of irrigated corn per acre, first year residual 
and third year residuals following potatoes and sugar beets, experiment
53, Scottsbluff, Nebr.l 

1950 residual yield 1952 residual yield 

Nltro~en applied per acre, 


1949 (pounds) 
 olb. 401bs. o lb. 801bs.
N-I050 2 N-J950 , N-1951-52 2 N-1951-52 2 

•__,__t 

0 ____________________ Bllshel., Bllshels Bllshels Bushels 
80 ___________________ ]22 128 113 116

125 132 113160 __________________ 109 
320__________________ 126 129 108 117 

132 130 110 117 

1 Yields in bushels of 56 pOllnds at 15.5 percent of moisture, average of replica­
tions. See appenclix table 42 for rcferellt:e alld test conditions. 

2 1949 plots lI'ith nitrogen applied to pota ioes wcre split and lmlf of each plot 
was carried through with 110 additional nitrogen applied. The other half of each 
plot had 40 additional pounds of nitrogen applied to corn in 1950, 80 pounds to 
sugar beets ill 1951, alld 80 pounds to COJ'll in 1952. 

In experiments 54 to 57, inclusive, at the Scotts Bluff E:\.-periment 
Station, nitrogen was applied at 0, 40, 80, and ]20 pounds pel' acre; and 
at each rate it was applied at; 4 dilferent times: (1) Before plowing, 
(2) at planting time, (3) when tbe corn was 6 to 12 inches high, and 
(4) when it was 30 to 36 iJlc.bes high (tables ]3 to ]6, inclusive). In 
the following year, the yield response of corn to residuall1itrogen was 
measured at eaeb initial rate of application. Two experiments were on 
fields of low fertility, 1 was on a field of medjlllll fel'tilit},.., and 1 was 
on a field of high fertili ty. The crop lJistory varied between experi­
ments but none incllldecliegumes. 

TABLE 13.-Yield of i7'rigated corn per acre, first a:nd residual years, 
from different times and '!'ates of nitrogen application, low fertility 
field, experiment 54, Scottsbluff, Nebr. I 

Yield, by time or nitrogen application 

Nitrogen applied pcr nero 


(pounds) 
 Year 
J3cfore At plunting I Corn ti to Corn 30 to

plowing I time 112 Inches high 36 inchcshlghI 

O_~ _____________ • ____ Bu.,hcl~ BlIshel., Bushels Bushels
0____________________ 1950 45. 6 45. 6 45.6 45. 6 
40. __________________ 1051 24. 8 24. 8 24. 8 24. 8 )!)500____________________ 72.5 72. n 83. 9 84. 8 
80 ___________________ 1951 20. '1 22.6 24.5 30.8 
0____________________ 1950 nn.l 105. (j 105. il 100.4

]\)5.1120 __________________ 27. (j 28.7 27.3 38.3
]950 114.3 115.1 115.1,0____________________ 120. 1 
1951 33.3 33.433.1 36.5 

1 Yields ill bushels of 56 pOlInds at 15.5 percent of mOisture, average of replica­
tions. See appendix table 42 for reference alld tcst conditions. 

• 

• 

• 
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TABLE 14.-Yield oj irrigated corn per acre, first and res1:du,al years 

• jrom different times and mtes oj nitrogen application, high jertility 
field, experiment 55, Scottsbluff, Nebr.! 

Yil'1u, by time of nltrogcn appliC'.1Uon 
Nitrogen applied per acre Yeur(pounus) Before Alillanling I Corn fila Corn 3U lo 

plowing Llme 121nches hlgb 361nchcs 111gb 
-

O__________ _________ Bu.,hels -;;~.-I Bltshels Blt.,hels
~ 

0____________________ 1!)51 59.0 5\!.0 59.0 59. 0 
40___________________ 1952 fJ2. 3 02.3 92. 3 92.3 
0____________________ 1951 07. 7 (\0.3 63. 9 61. 5 
SO_____________ - _____ 1952 90. 2 03.5 96. 0 104. 2 
0____________________ 195J liD. 5 6J. 4 5S. S 61. 5 

]952 123. 1 112. S 121. (j ]22.7 
120_~ ________________
0____________________ HJ51 71. J 54.8 59. 8 72.5 

]952 122.6 1 J5. 2 122.2 125.9 

~--~----

I Yields in bushels of 56 pounds at 15.5 percent of moisture, average of replica­
tions. See appendix table 42 fo,r j'efercuce and test conditioJ)s. 

TABLE ] 5.-Yield oj irriaated corn pel' acre, first and residual years 
jrom dijJel'e1~t i1:mes and rates oj nitrogen application, medium jer­
tility field,experiment 56, Scottsbluff, Nebr.l 

Ylcld, by time of nltrogc.n application 
Nitrogen applied pcr acre Year(ponnds) Bcfore At plunting f Corn 6 to Corn 30 to 

• 
plowing time 12 Inches hlgb 36 Inches hlgb 

Bushels Bushels Bllshels ,Bushels0 ____________________ 
0____________________ J951 33.6 33.6 33. (j 33. 6 

1952 35. 1 35. 1 35.1 35.140___________________ 
0________________ • ___ ]fl51 57.0 57.6 3S. 7 49. 7 
SO ___________________ 1\)52 45. 0 3S. 0 46.S 50.1 
0. ___________________ H)5,1 6J. 5 51. 2 5J.2 44.1 
120 __________________ 1952 4.5.3 52.0 67.9 55.2 
0____________________ 1951 5S.3 70.3 52.9 44.0 

1952 75. 2 72. 5 I SO. 0 6S. 5 

I Yields in bushels of 56 pounds at 15.5 percent of rnojsture,aYerage of ,replica­
tions. See appendix table 42 for reference and test conditions. 

TABr,E 16.-Yield oj i'l'l'igated corn per a,ere, first and 'residual years, 
jrom dffferent times and 'mtes of m:trogen appb:cation, low jertility 
field, e:l:periment 57, Scottsbluff, Nebr.l 

Yield. by time of lJ,itrogen nplllication 
Nilrogcnaplllicd per aCre Year , (pounds) 

Before I At pluntiug I Corn 6 to Corn 30 to 
plowing I time J2incbcs high 361uchcshlgb 

Bushels Bushels Bushel. Bushels 
0____________________ 1952 32. ] 32.1 32.1 32.1 
0____________________ 1953 26.3 26.3 26.3 26.3 
40___________________ 1952 61. 564. 2 70.5 62.20____________________ 1953 25.6 2S.3 33.2 54.1 
SO___________________ 1952 94.1 84.9 79.4 74.1 
0____________________ 1953 29. 1 32.9 34. 2 73. \)
]20__ ________________ 1952 107.5 109.6 107. 5 90. S 

_0-__-_--_-~-------------_.---~------~-1-95-3--~---32-.-0-L~--4-S.-4~----5~~~-l-~~S~5 
1 Yields III bushels of 50 pounds at ]5.5 percent of lllOll't.ure, average of replIca­

tions. See appendix tab.lc 42 for referellce alld test conditioJls. 
36G808·--~G----4 
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In experiment 58, rates of nitrogen up to 160 pounds per acre were 
studied alone and following an application of 12 tons of manure per
acre (table 17). 

TABLE 17.-Yield oj irrigated corn per acre,jol' different rates oj nitrogen 
application, without manure and with 12 tons oj maWUl'e, e:tperiment 58, 
Scottsbluff, Nebr., 1953 1 

No mnnure 12 tons of mllnure 
Nitrogen applied per flerr, 1953 (poundS) 

i lJ· 

-R-/l's-h-el-,~'- --B-U-sh-el-S-1---I-~u-.h-e-18-r-;;:;:­
0________________________________ _ 

40 __________________ ._.c ___ • ___ ._ 28. 1 60.2 110.8 120.0 

80 ___________________ ._. _____ . __ _ 
 5B. 6 J0.5. 5 J 25. 7 131. 6 
120 ________________ " 76.3 J24. G J36.9 136.2 
160 _____________________ .. \)'1. 3 14J.·0 J36.9 ]58.7 
120 __________________________ • _____ _ 101. 0 135. \) 125. 0 142. 7 

3 113.2 ]37.7 ]24.1 152.0 

) Yields in bushels of 56 pounds at 15.5 percent of moiRture, a\'crage of repli ­
cations. See appendix table 'J-2 Jor reference and te"t conditionR. 

2 A and C were all fields that ll!Lci been ill continuou;; corn f;illce 1912, and Band 
D were all fields that had been in potato-sugar beet rotation f1'01ll1912-49, alldin 
corn from 1950-52. 

3 4.0 pounds of P 20. applied. 

In exper.iments 52 flJ)d 53, and tbat part of experiment 58 on wbich 
ma,UUl'e was used, the response to nitrogell ,yas sligbt (tables 11,12,17). 
In each of these instances, soil fertility wv,s high before the application 
of nitrogen. In experiment 51 the J)iglJest yield approximated the 
yields in experinlents 52, 53, and 58, but tbe :yield without nitrogen 
was only 2:3 bushels per acre (table 4). Yields OJ) cbeck plots were 
relatively low for the other eXIJl'riments, so large jncreases in yield 
resulted from applying nitrogen .at rutes up to 120 pounds per acre 
in all experiments except 55 and 56. Adverse weather, ineluc1ing 
severe cold and hailstorms, depressed yields in these two expcl'llncnLs. 
Rates of nitrogen were not high enough in experiments 54 to 58 to 
ascertain where the yields level off ullderfa,"'ol'able climatic conditions. 

All of the Nebraska experiments were on Tripp very fine sanely 
loam, except experiment 51, at Hardy, wbich was on Waukesha 
silty clay loam. These soils had been in pl'oduction for man:y years. 

ECONOMIC ANALYSIS OF EXPERIMENTAL DATA 

Basic to the economic analysis of the response of corn to nitrogen 
fertilizer are the functional relationships between the quantity of 
nitrogen applied and the yield of corn. Estimates of the yield func­
tions have been made for the experimental data :in Oregon, Washing­
ton, and Nebraska, when yields appeared to follow a functional rela­
tionship with meaningful ec.ollomic interpretation. The constants for 
these functions and estimates of the variability of some of the constants 
are shown in appendix tables 43 and 44. Yield functions are shown 
in figUl'es2 to 4 and 8 to 10. 

The additiollal increase in yield of C01'l1 tbat is associated with 
each additiollal 20-poul1d 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 managemen t, and other factOl's purposely incorporated in the 
eJ.:periments. Calculated yield increments for 14 representative ex­
periments are presented in table lS. It is possible from tbese incre­
ments to estimate the most profitable application of nitrogen. 

TABLE lS.-Calculated yield increments per acre oj com jar grain, 
a,wsociate(l 'With rach additional 20-pound unit oj nitrogen applica­
tion 1 

Experiment 

Nitrogen applied per acre ! 


10 51 27 I 21)7 21)' 30 

1 

, I
,--=-1 I 

(Jni~ i POU1Id$ Bus"el. BII.,/"I., JJ!lsheL! BusheL! Bu.hel$ BU8heL! BU8heL!
0______ . ,_ -I 0 -.. , . - _.. - - .. ---..,-­1 ______ •. 

~ 

20 23. 23 22.315 3J. 3-J 22. 35 24. 57 11.07 14.14
2______ .. ,. 40 ] 9.40 ]6.7G 22.14 17.0'1 17.26 9. 02 9.59
3_____ .•. 

.. GO Hi. 20 12.57 ]5. (H 12.98 12.11 7. 35 6.50 
4_____ ...... 80 13.152 9. 43 11.0.'5 9. 90 8. 51 5. 98 4. 40 
5_____ ....... ' 100 11. 30 7. 07 7.81 7. 55 .5.97 4.88 2. 996 _________ 120 9. 43 5. 30 5. 52 5. 75 4.. 20 3. 97 2.02 
7______ .... 1'10 7. 87 3.98 3. 90 4.38 2.94 3.23 1. 38
8 ______ ._. 160 6.58 2.99 2. 75 3.35 2.07 2.64 .92 
9_____ . _ ..... ]80 5. 49 2.24, 1. 95 2. 54 1. 4.5 2. 14 .64 
10____ •..• 200 4.59 1. 68 1.. 37 1.95 1. 02 1. 75 .42 
11-____ - _. 220 3. 83 1. 26 .97 1. 4.8 .71 1. 43 ------­12_____ ._ 240 3.20 .94 .69 1. 12 .51 1. 16 ... -----­-13________ •. 

~-,..~-~260 2. 67 .7) .49 .. - - ... ~------ ------­14_________ . 280 2.23 .53 .34 ,- - -- . - .. ~~---"~ -~-- ... -- ------­15__________ 
300 1. 86 .40 .24 ,- -_ ..... - -.------ ------­16__________ - -- ­
320 1. 55 .30 . ]7 -. - ~ ... ----- ------- .... -----­" ~-

Experiment 

2 7 7 11 11 12 12 
Nitrogen applied por acre 

100 100 0 100 0 100 0 
pOllJlds pounds pounds pounds pounds pounds pounds 
1'20, 1',0. ,P,O, 1',0, .PzOs . 1',0, 1',0, 

Units Pound nll~heL! I13u8"el., BIl.,hel. nu.hels {Jushels BusheL! BusheL!0______ 
0 - - - ~ ... -- ..., .. -.,. - ~ ~ - " ...... ----~ -.~--"' .. -- --- - -­1___ . __ 20 23. 70 17.99 12. 66 18.83 22. 62 11. 51 13. 502_____ 4.0 ]5. 13 11. 95 9.71 11. 96 13.52 8.76 8. 49 

3.____ .. - 60 9.66 7.94 7.45 7. 60 8.08 6.66 5.34 
4 •.. ___ - - .... -.,..- 80 6.16 5. 27 5. 72 4. 83 4. 83 5.07 3.36
5_____ - -- ____ 100 3. 93 3.50 4.39 3. 07 2.89 3.86 2.11 
6 ________ ... ]20 2. 51 2. 33 3. 36 1.95 1.73 2. 93 1. 33
7_______ . _ 140 1. GO 1.55 2.58 1. 24. 1.03 2. 23 .838______ . 160 1. 02 1. 03 1.98 _ 79 .62 1.. 70 .52-.fl. ____ 180 .65 .68 1. 52 .50 .37 1. 29 .3310______ • ___ 200 .42 .45 1. ] 7 .32 .22 .98 .21 

1 In using this table to find the most profitable rate, divide the cost of 20 pounds 
of nitrogen by the price per bushel of corn sbndingin tl1e field. The result is 
bushels of corn equal in v!llue to 20 p(lunds of nitrogen. J"ocate in the appro­
priate column the figure \\'11ich most nearly equals this result, and from the 
lefthand column read the ra,te of application with which it is associated. This 
is approximately the most profitable rate. 

2 Sidedressed. 

3 Sideplaced. 
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CORN RESPONSE TO NITROGEN 
Experlmeni YO, Onto riO, Oregon • 

BU. PER ACRE 

160 1,·* ---Upper Imlt .0- - - - ­
__ ~ t.:...01c:::i..:.--_-----..---...,- ..

\/"" __-0-­
120 / ./ ./. ----­

/ ,/' \ • Reportt~d yields 


/ /' / Lower I"Imlt * MOST PROFITABLE RATE01
80 A $1.12

/ o 1.40/ c 1.68 

40~~±=~±=~~~~~~~=t~=t~~_~ 
o 80 160 240 320 

LB. N APPLIED PER ACRE 
*67');. LEVEL OF CONFIDENCE °H A r IS, PER ~B •• CORH J.. T IHOICA. TED PRICIU 

U. S. DEPARTMENT OF AGRICULTURE NEG. ss (5J-1'5 AGRICULTURAL REseARCH SERVICE 

FIGURE 2.-Yield response curve,67 p('rcent coufidence limit curves, reported yields, 
and yield at the Illost profitable rate of nitrogen application, irrigated corn-nitrogen 
rate experiment 10, Ontario, Oreg., 1952. 

•
CORN RESPONSE TO NITR·OGEN 

Experiment 51, Hordy, Nebraska, 1952 

BU. PER ACRE 

· . * - -~ - - -;-~.;..------'---~--.....120 Upper IImlt......................~••OIC • _---- ­./' ."",.. __ 0­

\ 
/' "" ."";' "" .", ­

80 /. 
/ 

// 
".\ 

• Reporif!.)d yields
/ // Lower limit* 

MOST PROFIIABLE RATEO/ / 
A $1.1240 / 
o 1.40/ 
C 1.68 

o o 80 160 240 320 
LB. N APPLIED PER ACRE 

·67~ LEVEL ,OF CONFIOENCE ON A. T IS. PER I.B., CORN ~ T 'NOICA. TED PRICES 

U. S. DEPARTMENT OF AGRICULTURE NEG. 55 (5)-].(6 AGRICULTURAL RESEARCH SERVICE • 
FIGURE 3.-Yield response curve, 67 percent confidence limit curves, reported yields, 

and yield at the most profitable rale .of nitrogen applif,:at!(m. irrigated corn-nitrogen 
J·ate experiment 51, Hardy, Nebr., 1952. 
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CORN RESPONSE TO NITROGEN 

l'j 

Experiment 32, Prosser,Washington 1953 ("} 

BU.PERACRE-------------------------------------------------------------~ I 
Upper limit* 

160 \"'''''....,,--,,--_---0------­.~A-·-· ---.---- ~ ..... 
Ul~/ . .._----rJ---------- · o120 I:i 

/' //~ " ­ ~ 
/ / / '" "," Lower limit~ :>;: 

~ ......80 / /' IS• Reported yields 
l'jo :>;:MOST PROFITABLE RATE
:>;:/1 // t:. $1.12 :> 

40 ~° 1.40// t;jc 1.68 
/ ~ 

l'j 

o 560240 400 ~80 160 l'j 

LB. N APPLIED PER ACRE 
ON AT 15f PER Lr•• CORH A.T INDICATED PRICES ~ .'1" ~EVEL OF COHFIDEtlCE NEG. 55 (5) ... 7.7 AGRICULTURAL RESEARCH SERVICE u. s.. DEPARTMENT OF AGRICULTURE 

FIGURE 4.-Yield response curve, 67 percent confidence limit curves, reported yields, and yield at the most profitahle rate of nitrogen appli­ ~ 
cation, irrigated corn-nitrogen rate experiment: 32, Prosser, Wasb., 1952. 'I 
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Most Profitable Rate from 

INCREMENT CURVES • 
sUi OF CORN/ACRE ~ 

3 

2.14 bu. 

2 
Exa~le! 2.14 bu. on vertical 

scale means that about 107 lb. 

Is the most profilable rale on 
the inclement curve lor elperi· 
ment 3D. (Cost 01 10 lb. 01 If 
+ value of corn pel bU.=quantily 

of corn wodh 20 lb. 01 nitrogen. 

locale on yertical scale, draw 

line to curve, then downward to 

most profitable rale.) 


40 80 120 160 200 240 280 320 
LB. N APPLIED PER ACRE 

U.!. OEPARTMErH OF AGRiCULTURE HE-G. SS (3)-980 AGRICULTURAL RESEARCH 5E~VICE 

FIGURE 5.-Using incrcmcnt yield curvcs to lind tbc ralc for lbe bighesl return lO 
nitrogcn. 

With corn ,ralued at $1.40 a bushel after haJTest ('osts arc declueted, 
and with a .20-polUld unit of nitrogen at $3, 2.14 bushels of corn al'e 
l'equirecl to pay for] unit of nitrogen. In experiment 30 in table 18,. 
fOI' example, the fifth unit of nitrogen increased the yield by 2.99 
bushels, a quantity greater than that I'equired to pay fot· the added 
fertilizer. 'rhe sixth unit increased the yield of COl'll by 2.02 bushels, 
or just a little less than enough to pay for the aclcleclnitrogen. The 
most profitable rate-that rate which maximizes the reLurn to nitro­
gen-is somewhere between the fifth and sixth inc-rements. As shown 
in ftgure 5, it is 5.4 units of nitrogen. This is the quantity of nitrogen 
at which the fertilizer increment will produce an added yield that 
will just pay for itself. 

This can be computed directly from thl~ constants for the yield 
functions, as outlined in the methods of computation in which the 
most profitable rate (]lPR) is 

MPR log (Px/Py)-log[AClnR)](15) 10gR 

These most profttahle rates were computed for the yield functions 
with the price of corn (P y ) at $1.12, $1.40, and $1.68, and the price 
of 20 pounds of nitrogen (Px) at $3, as shown in tables 19 and 20. 
These compntations result in an exact e}.-pression of the most profit- '. 
able rate, an approximate estimate of which is illustrated in ftgure 5. 
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• 
TABLE 19.-.Most profitable ?"ate oj nitrogen application per acre, with 

nitrogen at 1.5 cents a2)Ound and corn at different J)rices per bushel, 
irrigated corn4iitrogen, mte experiments, Oregon, llTashi'llgton, and 
Nebraska, 1947-53 1 

1\Tost profitable mle 01 nitrog~.. n nppllcatioll 
pcr ocre, when corU 15-p,O,npplicU I.______________ 

Experiment I IlQr !lere ; I ' 
j ; $1.12 llcr SlA~ pcr I $1.1l8 per

bushel , b\lShcl , bushel ---- -_._--­
Pound,l POlmd4 POILlId.!POU1!d.4 Io 173 I 19Z 207{ 100 107 I 117 .125 

a 127 . 144 158{ 100 103 114- 123 
7 .. __ 
]0. __ 	

i 

50 157 ] 7Z 185 
a 92 '101 lO8

lL '_ { 100 95 ]05 113 
o 79 89 97{ 100 11G 133 146 

27: 2 	 I 
l1fl lT __ _ ___ __ _ __ ___

l	 o f IGG 183 196 
j\11 1'2 ___ --- __ ._--- a 65 ' IG2 181 196
k r

2
r 

1
_ _ _ _. _ _ _ _ - .. ,- _ o 8G 9.5 103 

11£2\"2____ --0· • ____ 0 365 116 , 141 161-I29: 	
Sicleplucccl ____ " ___ o. o 148 ! 170 188 
8idedressc(L ________ _ o 135 ~ 148 158I 


30 __ _ 	 o 95 ! ]07 1163Z ___ _ o 250 I 274 295
5L __ o 155 168 178 

1 Form of the yield fun('tion i$ }"=ll[-ARx. Functions estimuted by llluthe­
maticul methodf'. 

2 See table 7, footnot(' 2. 
3 65 pounds of P20~ llud 50 pounds of sulfur applicd befor(' secding \'ctch. 

']'l1e most profitable J'nte of nitrogen npplicu.tiolJ pel: ncre is between 
J00 iLn.d 200 pounds for 21 of the experiJnen ts when l1iLrogen is 
15 cents a pound and corn is $1.40 a bushe1. It is between 75 and 
100 potlDds for a few experlmen ts. For 15 e)..l)eriments in which the 
computed most profitable rate exceeds 200 pounds, sufIicientI}T high 
Tates of nitrogen were not applied to characterize adequately the 
upper cud oJ the response cu}'ve. Olle exc<:,ption is experiment 33 
in which 240 pounds wus the highest mtc applied. 

MEASURES OF RETURN TO NITROGEN APPLIED 

• 

']'he most profitable mte provides lllformaUon on the quantity of 
nitrogen that will maximize the retlU'n obtainecl by applying nitrogen 
iedilizel'. Evaluu,tiol1 oj' this rate in such terms as the TetUl"l1 on 
llwestment and comparative pTofits uncleI' vnrious conditions requires 
that the return to nitrogen be eslim!1tecl. A. substantial return to 
nitrogen does not necessarily indicate that production of corn is 
profitable. The cost of fertilizer is only one of the costs oj' pTOducing 
a crop. Without fertilizl'l' the yil'lds may be too low to pay the 
other costs. Additional ni trogel1 may J"l'sult in yields sufficient to 
clmnge procluction of corn into a profitable ('ult'rprisc. 
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TABLE 20.-1\10st profitable rate of nitrogen application per acre, with 
nitrogen at 15 cents a poun(l and corn at different prices per bushel,. 
i'rrigated corn-'nitrogen rate experiments, Oregon, HTashington, and 
Nebraska, 191,..7-53 I 

I 

!1\!ost profitable rolc of nitrogen application 
pcr acre, whcn corn ls­

1',0, applied ____-,-___.______
ExpcrlmcnL 


pcr acre 
 I : I$1.12 pcr ' $1.40 pcr $1.68 pcr 
__~_.__ ,~~~I bushel bushcl 

POlllllls POII.1I(/8 POllnds , Pounds 
o 80 LOO ! 112 

lOa i 71l \)2 lOa~===:::::::::::::::::=::::::- { 01 60 70 84 
0: 

30-inch ro\\" _____ ._. ____ ._ a 34:~ 418 4.80
36-inch roll' .. _______ •. ___ _ 0, nil 110 120 
38-inch roll' __ . __ . _. ____ . __ , 102 116 128Or 
42.inch row ____ . . ..... ___ '. 0: 44 54 

la. _______________ . _________ .. '{ o 72 ! gg I ]0\) 

100 i 82 9172 ; 
26: 2 

11J,8 ______ • ______ _ ---- ­ o ( 262 I 200 31311l{,S2_ ____ _ __ __ _ _ _______ _ 0' 578 0'~5 700 

;1/28, __ ------------------ 0' 387 4a3 470 

J'f282_____ • __ ---.--------, o 335 309 39711J 8, ________ .. ___________ -: 

3 0, 308 408 442 

111382_ - - - - - • - • - • - - - - - - - - - - i 0; 407 450 480 


31: 
Calcium nitratc. _ ._______ _ 0 1 256 283

AmmoniUIIl sulfatc ______ _ 0' 
 175 187 
Ammonium llitn~te. __ . ____ _ o 202 2)8

Anhydrous anunon ia . ______ i o :j67 400
l!rea _____________________ . o 254 277 

as: 3 ,JII,SI ___________ • _________ ' o t 213 2·12 266 

jl[,82 ____ .. - - ----------; 201 212 221

11l28, ___ • _ • _______________ ! HI) ]59 167ll128 _ ___ -. _ • __ • _________ j

2 
gl 136 J4] 14.5

111 S ___ --- -- ___________ - ­
3 I o 191 211 228 


l1IaS 2__ ------- ____ --- ____ -' 0, 200 220 1 237 


1 Form of the yield fUllctioll is Y=M-Al?&. FUllctions estimated by graphic 
procedure. 

2 See table 7, footnote 2. 
3 See table 0, footnote 2. 

Several measures of return useful in evaluating yield response to 
fertilizer applications are presented in tables 21 to 23, inclusive, for 
experiments 10, 32, and 51. Encb table was prepnred .fTom the 
Tesults of e:q)eTiments that were conducted on fields of Telative1y low 
fertility and were designed to measure yield response over a wide . ' range of fertilizer rates. Data in columns 1 tlu'ough 6 are for indi­
vidual successive 20-pound units of nitrogen. Du,ta in columns 8 
tlu:ough 10 are res~Ilts for rates of appllcation shown in column 7. 
In each e~..perirnent tl well-adapted hybrid wus planted; care was 
taken to supply udeq uate moisture at all times; and precautions were 
baken to insum satisfnctory growing conditions. • 
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TABLE 21.-1.f~ea,~1lre8 of rel1l1'n from application oj nitrogen a~ varying rates to il'l'1:gated corn, experiment 10, Ontario, 0 
.., Oreg., 1902 

r 	
~ 

.--~------	 C 
CJllnulnti\'c Tl'Sults frolll incTensing nIles of nitrogen Bpplicnt.ion Results h, SUCCf,ss!\·.., 2(l.pol11HI units of nitrogl~n 

..' 	 -­
j IH~lllrn nho\'c Hclum peT 	 i A \'crngc return 

Vnluuof Cost of 	 per dollar ~it~ogen npJl!lcll IIncrcase 	 cost of mId i· dollnr 011 tho '1'otlli IIpplicnlion 'Potal increase in , Totnl retun\ to ~ 
ndditiomll nd(lilionnl 	 nitrogen (col. spent on Ul per ncre, 1902 in ,iell increase. uuit of tionnl unit of Ins! unit of of nitrogl'n yiclll 8-col.7) nitrogen (col. ....

(nnits) ( , nitrogen (L~)1. nitrogen (col. 	 Ul·in yiold nitrogeJl 	 8+col.7)' 3-col. 4) 3+col. 4\ 
0 

(6) (7) (8) I (9) (10) ~(I) (2) (3) m (5)i ! 	 !_._---,-	 .....r------·· 
BIl.,hel. 1 Dollar. Dollar., Dol/ar. I Dollars Pou1ld.• nol/ars Hu.hel.• Dollor., Dol/ar.• Dollar~ ttl 

1_____________ 	 ~ 
22.35 31. 29 3. 00 28.2!) 10.43 20 3.00 22.311 3t. 29 28.29 10.43 J.32_____________ 

3.00 20.46 7.82 ·\0 6. 00 39.11 114.75 48. 75 9. 1~
3__________ . __ 16.76 23.46 	 t:: 

12.57 17.60 3.00 14.60 5.87 60 n.Oo 5t.68 72. 35 63.3n 8.0.1 .... 
4____________ 	 N7.139.43 13.20 :;. 00 10. 20 4.40 80 12.00 6t. 11 85.55 73.55 t.o.!5 _____________ 

0­

7.07 9. 90 3. 00 6.90 3.30 100 15.00 68. 18 \15.45 80.45 6. 36 ~ 
6_________ - ___ 

5. 30 7. 42 3. 00 'k 42 2.47 120 18.00 73. 48 102. Rt 84.87 5.72
7 _____________ 

5, 57 3.00 2.57 \.. 86 14.0 21. 00 77. 4{i 108.•l4 87. 44 5.16 ~ 3.088 ____ .. ________ 	 112.62 flB. 62 4. 692..98 4. 17 3. 00 1. 17 1.39 160 24. 00 80. 449 __ - __________ 	 ~ 
2. 24 3. 14 ~.OO • .14- \. 05 180 27.00 82. 68 115.75 8~. 75 4. 29 

10____________ 	 t.o.!1. 68 2.35 8.00 -. (i5 .78 200 30. 00 8·k 36 118.10 88.10 3. "9411 ____________ 
I. 2(i I. 76 :~.OO -I. 24 . 5\1 220 33. 00 8ii. 62 It9. 87 86. 87 3.63 ~ 12___________ . 1 .94 I. :32 3. 00 - L 68 .44 240 36.00 86. 56 121. 18 85.18 3. 37 t.o.! 

13 ____________' .71 .99 3.00 	 -2.0.1 .33 260 39. 00 87. 27 122.18 83.18 3.13 
-2.26 .25 280 42.00 87. 80 122.92 80. 92 2. 9314---_--------t .53 .74 3. 00 	 ~ 

.,._.. _-_. 	 Z 
J.3 
Ul 

~ ..... 

,~A_ .. ... 	 ... 
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TABLE 22.-Measul'es oj l'et1l,mjrom application oj nitrogen at varying mtes to irrigated cont, experiment 32, Prosser, ~ 
Wash., 1.952 I:.,;) 

Results by sueccssh'C 2O'llO'lnd units of nitrogen ""---~----~J Oumnlllt!,·c resull~ from Increllsing rlltes of nitrogen flppliClltion t;a 
j 

R('tUnl nhow ltcl.Unl pcr A vcrnge ruturnVnlneof Cost ofNitrogen nppliCl1 rncrense fldditionlll ndditionnl cost of fld<ll· (iolir.r on the 'PotnlllppliClltion 'Potnl increase in ; '1'otnl return fo 1 per dollar ~ 
per ncre, 19.12 tionnl unit of Illst. unit of nitrogen (col. Silent on t=)in yield incrNll;C unit of of nitrogen yield(units) l1ilrogl'u (col. nitrogen (col. 8-eol.7) nitrogen (col. in yield nitrogC'll 3-col,4) :H coi. 4) 8+eol. 7) ~ 

(1) (2) 1__(_3)__'-___(4_l_____(._51__L.__ (6) . (7) (8) (9) ,__~ b:! 

8 
1 ____ • __ • ____ • BII.,hel., Dollars ! [)o/(ars I)o!'"r.! _' [)ol/"r.,. POllnds I Doliar,' I /lll.,nrls ' ])aliar.• Dollars Dol/ar.! &;23.23 32.52 3. 00 29. :)2 10.83 20 3. 00 23. 23 32. il2 ! 20.52 10. 842___ ... ____ ._. H19.40 27. 16 3. 00 24. 16 n. Oil 40 6,00 42. 6:3 :')9, G8, 53.68 9. 953. __ • ___ • ___ ._
4______ . __ . __ ]6,20 22.68 3.00 10. !i8 7.51) (i0 9. 00 5S. 83 82. 3ri 73. 36 9.15 Z 

13.52 18,93 3.00 15.93 G.30 80 12. 00 72. 3il 10 1. 20 80. 20 8. 44 .....
5__ ... ___ ...... ___ _ 1-'11.30 15.82 a.oo 12.82 5.27 100 15.00 83.65 )117. 1 I. 102. 11 7.816 __ ... ______ ._ 9. 43 ....7____________ _ 13.20 3.00 10.20 4.40 120 18. 00 03. 08 1\ 30. 31 112.31 7. 24 "'" 
8___________ _ 7.87 11. 02 a. 00 8. 02 a. (i7 1·10 21. 00 100.95 1141. 33 120.33 6.73 
9___________ '" 6. 58 9.2L a. 00 6.21 3.07 160 24. 00 L07. 53· 150. 54 126. M 6.27 f1

5. 49 7.69 3. 00 4. 60 2. fi6 180 1 27.00 \113.02 1.58.23 131. 23 5. 8610.. _______ "" 4.59 6.41 3. 00 3. 4 1 2. 1a 200 30. 00 I. L7. (i 1 1 (i·k 65 134.65 5.49 !"Jl 
11_. ___ •• ____ • 3.83 5.36 3. 00 2. 36 1. 78 220 33.00 1121. 43 170.00 137.00 5.15 t)12 ___________ " 
13 __________ _ 3. 20 4.48 3. 00 1. 48 1. 40 240 36. 00 12·1. 63 174. 48 138. 48 4.85 t:l 

14__________ _ 2.67 3. 74 3. 00 . 74 1. 24 2(iO 39. 00 127. 30 178. 22 139.22 4.57 ~ 2.23 3.12 3. 00 . I 2 1. 0·1 280 42. 00 1120. 5:3 181. 34 ] 39. 34 4.3215 __ . _._. ____ _
16___________ _ 1. 86 2.60 3.00 -.40 .87 300 4;).-.00 131. 30 18:t 0'.1 138.94. 4.09 o 

~1. 55 2.17 3.00 -·.83 .72 320 48.00 132.0,1 186.62 138.62 3. 89 
17 ------.---. f 1. 30 1. 82 3. 00 -- l. 18 . 6 1 340 51. 00 134.24 187.04. 1:36.94 3. 6818. _________ "._1 ~ 1. 08 1. 51 3. 00 - 1. 49 . 50 360 54.. 00 1135. 33 ISO. 46 135.46 3.51 

.91 1. 27 3.00 - 1. 73 .42 380 57. 00 136. 23 190. 72 133.72 3.35 

.76 1. 06 3. 00 - 1. 04 . 35 400 60.00 1:36.!l!l 191. 70 131. 70 3. 2021 •• _________ "~~====:==·=::l! 6 
::c 

22. __________ _ .63 .88 3.00 -2. 12 .29 420 63. 00 137. 62 192. 67 129.67 3.0t) ~ .53 .74 3.00 -2.211 .25 440 66. 00 138. \4 103.40 127.40 2. 93 Cl.44 .62 3.00 -2.38 .21 460 69. 00 L38. 58 1 n4. 01 125.01 2.81 ::c 
.37 .52 3.00 -2.48 .17 480 72. 00 138. 05 104. 53 122.53 2.70~!=2:). =__ ==._==••===._=___ =:,; t:l 

26. __________ _ .31 .43 3.00 -2.57 .H 500 75. 00 p3n. 26 194. 06 ll!l. !l6 2. 60 
.26 .36 3.00 -2.6·\ .12 520 78. 00 t1 :39. 52 195. 33 .117. 3:3 2. 50 

-'----". "----"---~---------

http:4;).-.00


• • • 
,~, 

-" 

t':I 

TABLE 23,~Measl£res of 1'et'!lrn from. apl)/icoIion of nitrogen a.t 'VQ,1'?ling ?'a.tes to irrigated corn, experiment 51, l:lardy, 
Q 
o 

Nebr., 1,952 ~ 
~ 

Results b~' suc(.'('ssl\·(~ 2Il'polIIHlnllits of nltrog,'n --~,,--- -!~-'-~I~llt-'I~t;\'I' ~:~::-;;:-o~::e:';ng'rlltes of'nltrogcn npplicatlon Q 

N' 'I ,! Vahlll of Cost of . J\i'lurn nlJo\'e H"lIIrn Il<'r ,A,"cmgl) return ~ Itroge Inpphcrl ITncrcnsc 
I 

ndllitionnl Ilfldltlonnl ~ost of n()dl. lIollnr 01,1 tlte '1'otnln(lplicntion '1'otnllncr('(ISC In 'I ~t.nl return to (lcr dollnr 
per ncre. 1952 i" II '. • • f tlOnnl lUuL o[ hlSL IIllIL of ", . I hi mITogen (col. spent on

(units) n ~le \! \1lcr,';'~sc. 1l11lt.~ 1Iitrogl'n (col. nilnlgcn (col. of IlItrogNI Y!' 8-col. i) nitrogen. (col. 
In }Illd nltro!!l n ;j-col•.j) 3+clll,.j) 8+cQI. 7) ~ 

(1) (2) (:1) (~) (r.) (11) (il (8) (0) (10) o- ..._-- ---- --- ".1 
JJw,hel. D07ln.. Dolla.. Dollars Dollars 1'0117,,13 Dollars 131l3hel., Dol/ars Dollar., Dollar~ 

L___________ 31. 34 43.87 3,00 '10.87 14.62 20 3.00 31. 3'~ 43.87 40,87 14.62 t:5 
2_____________ 22.]4 31. 00 3.00 28.00 .10.33 40 6.00 5:.t 48 74.87 68.87 i2.48 
:l_____________ 15.64 21. 90 3.00 18. no 7. ao 60 9.00 69.12 9fl.77 87.77 10.75 
4 __ ~ __________ U.O,,) 15.4.7 3.0012.47 ;). I.6 80 i2. 00 80.17 11.2.2,1 100.24 9.35 ~ 5_____________ 7.81 10.93 3.00 7, \)3 3.6{ 100 15.00 87.98 123.17 108.17 8.21 trl
6_____________ 5.52 7.72 3.00 4.72 2.57 120 18.00 93.50 130.90 U.2.90 7.27 :xJ 
7 ____________ .. 3. 90 5. 46 3. 00 2. "(j 1. 82 1·10 21. 00 !l7. ,10 1:36. 36 I15. 36 6. 49 
8.____________ 2.75 3.86 :l.00 .86 1.2!) 100 24.00 100.15 1,10,21 1 Iti. 21. 5.84. 
9 _____________ 1.95 2.73 3.00-.27 .!11 180 27.00'102.JO 1·12.!14 IJ5.9·l 5.29 ~ 10____________ 1. 37 1. 92 3.00 -. I I ,6'J 200 30.00 l03.47 14,t, 86 1\4.8G 4-.83 
1 L __________ .. . 97 1. 36 3. 00 .- 1. 04 . 45 220 33. 00 IO·k ~14 1,16. 22 I 13. 22 4. 43 trl 
12 ____________ .69 ,!}li a.oo -2.0-1 .32 240 36.00105.13147,18· 111.18 4.09 ~ 13____________ .49 .68 3.00 -2,32 .23 200 39.00 105. Gl 147.85 108.853.79 trl 
1L___________ .34 .48. 3.00 -2.52 .16 280 42.00 1105.!16 148.34 106.3+ 3.53 :xJ 
1.5____________ .24 .34 a.oo -2.60 ,11 300 4!i.00 106.20 J48.68 l03.68 3.30 
16____________ .17 .24 3. 00 ~2. 7(i .08 320 48.00 106.37 148.92 100.!12 :3.10 ~ z 

..----,,~--.-""- dl 

CIj 
CIj 
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The l'eported yields nnd estimated yield eurycs are shown 1'oreach 
of these experiments illfiglll'es 2 to 4. The most profitn,ble rate of • 
nitrogen is s11o\\'o on eaeh CtU:YC'.' 

The ability of llitl'ogcn to inel'NtSP yield dN~rcases as adcliLionaiullits 
are applied. For exnmplc, in l'xpl'rim('nt 10, the] st 20-pouncl lUul 
returned 22.35 bushels of eorn, lhl' 2d ] 6.76 bushl'ls, n,nd the 12th 
about 11nlsiJrL Till' eost of each unit of nitrogen is the stLmc-$3 [01" 
20 pounds-hut llw Yithlc of the l'('sldting in('l"ras('d yiPld declinrs as 
succ'rssi\'e units !'irr a,ppliNI. rrll(' Yt1lur of thr increase in yil'ld from 
tlj(~ Drst unit is !!.[Jproximn.t('ly .10 tim('s t1w eost of thr unit of fertilize'/'; 
but tllc YI11up oJ (ht' in(,1"t'a,sr from tltt' ]2th unit is Il'SS lht1ll hall 1Ltl' 
cost of t1H' [<,/'tili?pr. As s!to\\'!t in ('OIUlllll 5, th(' r{'lurn a,hon' nt(' eost 
of 1 llnit of nilrog('Jl, lltal is, Uw ndll(' of the' ill('l'{'IlS(' in yie'ld ,minus 
thc rost of tht' 20 pounds of nitrogl'n, 01' $:L l)('nolJU's sn'lH,IJt.l' until thr 
cost of llH' unit or nill'ogrIl ('x('!'('([s lltc Yn.lu(' of tilc yirJd it PI'Oc\lW('S. 
This occurs with fill' 10th unit. This is illusll'n./!'d in Jig-ur(' f3 wb('f'(' the' 
YllJurs in Golumn 5 of tn.bk 21, 01' t\t(' mnrginnl J'('turlls, tU'P plolt('d a,t 
thr midpoint 1)(,(\\"(,(,11 illcl'PJll('Il.ls. 

Thr J'rtllJ'j) prj' dojll11' sp!'lll for Ilitl'og-Pll is $1.05 foJ' til(' !Jth unit, 
showing I), mal'gin or;j ('C'1I1s foJ' ('twit dollnl' Sl)('nt Ilt tilt' !Jtb lllul. Tbe 
IOUI unit l'pllll'Ilt't! on]\"7R ('('nIl' on lltl' doll.al', whieh indicalil's [1 loss 
from tltt' apJ)};(:o.tion 0'[ this unit. Thus, it is ('\"idl'nl thu,t profiLahll' 
n.pplietLtion of nitl"Ogl'll dol':; not go bcyond. the !Jth unit. C'oltuUl'l6 in 
table 21 !lJld thc yn[ue of additionu.t yide! incl'casc eUl've in figurr 6 
illusll't1.tt' this point. 

The q uanlity of nitl'ogt'll to t1,pply 1'01" the l!!.l'gt'st net l'rturn is 
sho\\"n Lo br 1.72 l)ounds wbcrr lltt' net lllttl'gilla,[l'rLtU'll l'l'ossrs the Z{'ro 
linc (fig, 0). This .mtp is ('Ideuln,tt'd by liSt' of till' [01'mUh1 011 pngc 28. • ~ 
Tilt' a,epa 1)('tw('('11 11.1(' ?PI'O lin!' n,nd thl' (,U1T(' l'epl'ps('nts tIl(' l'rtul"Il to 
IlitrogNl appliNl, fLllclllJ.uounis to $88.78 J)('[' a(,l'r' 

'1'11(' n.Y('l'ug(' J'P(urn pC'r ([olin.!' S))('llt for nill'ogl'1l (col. 10, btbles 21 
to 23, indusin), is u,llH'HSlIr(' of (It(' profitu bh'll(,ss of toll1l ('xpt'nditurt's 
fol' nitrogrll llt n, sIH'l,jfi(' l'i\,U'. A l'cturll of $:3.13 P(\J' dollar spent on 
260 pounds of nit!'og('ll nVI)('a,l'S 10 1)(' profitt1hl(' but. thC' n'tUI'n prJ' 
doUru' sp('nt on tlH'I ;H1.1 tllti tis $0.33 (tablc 21). At the most profitable 
ratl' of 180 pounds, UH' n'\'('1'11~l' returll pel' dollnr is $4.29 cOlnparcd with 
$1.05 P('I' dolhtr sppnt for tilt' 9th mut. 'rhl'I'C'fol'e, itS lhl' units of 
IlHJ'ogell appJiNJ t11'e inCr('USNl from 9 to 13 tlll'I'l' is an inCJ'('asing loss 
pel' doll!!.!' spent. '1"1(' difI(,I'('lwc in the' Lotn.! J'l'tllI'll pel' ac1'(' is t110ss of 
$5.57 bdwc(,ll titl! 9th and l;3th uuits. 

CONI"IDENCE LIMITS 

lnhenmt in [e.l'tiJizer-cl'nte pXI)(,I'inwuts IU'(' JloJlidplltifiable faciol's 
that vary the eXJ)(.lI'ill1e'ntalyidcls. Therdorl', tilt' yield I't'sponsc CUI'ye 
is only an estimate of the "true" curve thn,t exists. Conndenct' limits 
about the (lsUmat:od eUJTe J))'ovide 1111 iJldicn.t.ioJl of whll,t, might be ex­
pected to occur with sllcecssinl expl'I'imellts uucleI' similar conditions. 

'}'he efh~cLs of tl1r8(' noniciPntifiable fnetoI's are mcnsllI'ecl by the 
dev:i!1tions of the OhSl'l'nd yidcls from t,he estimated yiC'lcl respOllS(' 
cunre. lUsing,th('sl' ~ll\I\'ii\.tiolls as a llll'tlSUI'C of vn,ril1bility, an estimate ;. 
was mo,c r of t,1<.' \'aI'li\, Jility of the samplt' l'stima.tes of ('ach constant 
in thc yield equation abou t .its popuhtLi6n vaim'-8M) the standard 
('lTOt' of the possihle lllnxilllulll yield; 8A, the staudard error of the iu­
(ll'ctlse in yirld that might bt'('xpc('ted; and 8R, the standard enol' of 

http:illusll't1.tt
http:illcl'PJll('Il.ls
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ECONOMIC A.l.~ALYSISOF FERTILIZER RATE EXPERIMENTS 35 

MEASURES OF RETU.RN TONI1ROGEN 
EJeperiment 10, Ontario, Oregon, 1952 

s 
TOTAL RETURNS120 	 . ,

AND COSTS Value of total yield increase 
.,.-- - -~-- - - ...... ---

I 
Total return above ccst of N 

t
40 	 I __.. ...- --- --­

- - ---.... Cost of total application 
0 .-- -- --- I 

1.2 , ADDITIONAL RETURNS,, AND COSTS8 	 , I 
Value of additionalCost per 20 lb. unit ' .... 
~ yield increase 4 \ ....--,---- ....... 
.... I ..... 

....... 1 

0 

I-~--------------~- • 

Additional return above cost of N ..,...;--- - - - - - ­
.4 	 I ..------1 

12 
~o RETURNS PER S ~PENT 

.........
8 .... . 0.......... 	 0 Most profitable rate* 

I.... ........ 0-- 0--. I 
.... _.. / Average 


4 .......... Additional -(""-._._
- / 	 0_.
$ sp~':::.- _ ..::--=-_.. 	 t - 172 ib. 

~-==--=.==0 
0 40 80 120 160 200 240 280 

LB. N APPLIED PER ACRE 

FW.URE6.-Measures of coetand rcturn~ Jrom the application of .nitrogen at .different. 
rales to irrigated corn, cXJH~rill1cnt 10, Ontario, Oreg., 1952. 

the ratio of successin~ increments. (Bee appcndi..'( table 4.3.) The 
sampling distributions of the sample estima.tes aTe not known, but to 
set confidence limits about each constBJlt, the distributions were all 
assumed to be normal. 

{"'"sing equation (11), page 10, confidence limit cillyeS were deter­
mined for sen'ra.l eA']lt'riments.9 They arc illustmted in.figures2 to 4, 

9 The limits pertain to the curvesalld not to the mo~t profitable rate oI applicu. 
OOll. As the rate of nitrogen is assumed to be .fixed at each level, confideI)Ge liI)lits 
cannot be set for the most profitable rutes of uppliclItioll estimuted from the 
calculated curve. 
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inclusi\re. Consequences wit,b respect to the change ill the mte of 

nitrogen application that would be needed to produce th(' most profit- • 

able response at the upper and lower limits, respectiYely, 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 (U) were 

obtailledandthe aJlpropriate most profitable rl1te applied; (2) if the 

estimated rcspOJ1se pnttern (ll:) were obtained and the nppropl'iate 

mte applied; and (3) if the 10\\,('1' eonfideIlce limit respOIlS(' pnUe1"1l (L) 

were obtained and the appropriate most profituJ)le l'ute applied. 


Large diiferenees behn~e/) yields estimated by the t hr(>(' cUJyes nt 
zero application of ni trogen are observed in eaeh expprimell l. Also, 
there are substan tial difTen'nces bet W('PI the estilllu ted most pl'Ofi table 
rates for the respertivPt"ul"Ves foJ' earh PXP('J"illlPl1t. :Likt'\\"ise fo!' elleh 
experiment there arc substantial differences between yields at the most 
profita,ble .rate of Ilitrogl'll npplielltion for thC' respC'ctiYe curves. It 
is appo,rent t.hat the diJreJ"l'nre ill yield both at Zl'J'O llPpJkation and at 
the most profit.nble mte of applien,lion foJ' lite l'('SPE'("t i\"E' (,lIl"Ves for 
eath experimeut would result in some VE'ry suhstuntinl differences in 
both gross income and procluetioll per acrE'. '.I'hrs(' dHi'C'rel1ccs attrib­
utable to variation in the r(>sponse paltrJ"ll should not bE' ('ollfused 
\\'itu. tbe effects of n,pplication of llitrogC'1l f<'rtilizel·. Tb(>rc nrc some 
exceptions, bu t iLl many- installcrs the differpu('('s bet \\"N'll the return 
to nitrogen on the estima.Lcd ('Un-e n,nd on the limit ('UITeS are $5 or 
less per acre (table 24, col. 7). These difrC'rencps nrp C"oleulaled on the 
assumption that th(> response po tLer.n at the limi ts ('ould b(' all ticipated, 
and the rat.es adjust('d accordingly. Olwiously this is impossible, 
nnd n farmer would be inclined to n,ppl~" t1lP most profitable rate .• 
calculated for the C'stirnaLecl or most probobh' ('UITl' ond take his 
chances on the rC'suits thalmigllt be obtuil)('d. 

By assuming applkation of the most profi tablC' I'U 1(' for tllC' estimnted 
curVE', the retUl'n to nitrogen is sl1o,,'n in column ]D, table 24, for the 
upper Jjmi t response pu ttC'rn. for the pstimnJ('d ('un'(' rC'spouse pu ttern, 
nnd for the 10wcr limit response paHern. The difl'erE'IlCi:', theIl, in 
return to nitrogen (eo1. 7 "~So e·o1. 10, table 24) that might bC' obtnined 
!lBy\dlere witllin {hp confidence limit ('urns, as prE'pared ill this 
repol·t, is in most ('ascs relatively small, as shown in column 10, table 
24. 

Substantial dif)'c/"ell('eS iJl yield per aCl"e might be expected, as 
indkn.ted by the "ttJ"iOllS yield CUlTes that migh t o('('w· bC't Weell the 
limit CU.lTE'S. DilJerC'nces of this kind caused bv ,"at'iabilitv in the 
experimen ts ilrC minor as they affect t.be .l"(>tU/"1l to Ili [rogen ijused on 
the expec-ted most pl"Ofi table rn te. Thc ynl"iat iOlls in thC' yiE'lcl curves, 
and the most profi table mt{\s l"elatl'd Lo concli tiolls tlia t difTer from 
those J'cpoJ'ted jn the experiIllPll ts, fire likely t.o b(' lJlOreilnportan t in 
predieting the yield .l'('sponse to fertilizer lhnn the Ytuiubility within 
tUl experiment. LHtle, if any, datn, nre a.nlililble Lo .indieaLe the 
varin.t.ions .in yipld r('sponse that. migb I. OC('Ul" if' the exppl"imcn t were 
repeated in different areas and in sllccessj\rp YE'al's. The source of 
thes~ variations would indllcle dimatic ('ond i tiOllS, irrigations, und 
so Oll. 

CHANGES IN THE PRICE OF CORN • 

The price of corn is not constan t, and n.t the timE' nitl'ogNl .is nppJied
it is impossible to fort'sC'(> what thC' pri('(' of eorn "rill be n t hal"Yesttime. 



• 


• 


• 


ECONOl\UC ANALYSIS OF lCERTILIZER RATE EXPERlMEN'fS 37 

The effeet of changes in pri('c on tbe most profit.able rate of applicaUoJl 
and tbe returJl to nitrogf'n needs to be evaluated. At a fixed price 
for nitrogen fertilizer, till' yif'ld eurve gon'nls the eilange in the most 
profitable rate as prict' I){'I' bushp] of eorn c111lllges. As tbe exponential 
yield equation provides a constant. rate of d('('reasing increments, 
suC'('('ssive unit ilHTl'USPS in tbe pl'.iee of carll increase tbp most profiL­
able ratc of nitrogpn application nt. a .de('l'easing rate. For example, 
with each equivalent prie(' rise of 28 ('ents from 84 ('ents P('1' bushel 
(20 percent of $1.40 ppr bushd), the most profHable rate of nitrogelJ 
uppli('.ation ir\CI'NtSe-S, rpspe-etin'ly, by 20, 15, ]:3, H.llcl .\J pounds p('r 
ueT(' for experinH'nll0 (table 25). This rplationship diJrpl'l' in magni­
tude for cr.,ell yif'ld ('lilTf'. WHhout a ehange .in tilt' ruil' 01' nitrogf'I1 
npplie-d 01' lhe pricp IH'I' pound of nitrogen,. the-incJ'('nse in lh(' ,l'{'tunl t.o 
nitrog(,l1 above' its (~OH( would hp proportional to the increus(' in lhe 
pri('e of ('am. 

As sho\,~n i1\ {{\.hl(' 25, 1.lO\\"p\'pr, a. ullit chn.ngein til(, pri(~e of com 
I'l'snlts in n. ('hu.ngp in tll!' most profitn,hlp m1.1' of nitrogPll n.ppliea.tion. 
This ehangl' uJfc'('(s 011' r("ttlrJI to nitl'ogt'll slightly more [han would 
ehangC's pPJ: unit ill [hp pl'il'.(' of eorn aiOlll'. For PXll.lllpl(', progrpssiyp 
inel'l'as('s 01' 2R {'.('ll Ls in (ill' pric:e 01' eorn Jrom A4 e('nts a busiH'1 in­
(·n~a.sps til(' l'('Lurn t.o \Iilt'Ogl'H, 1'('sJweliwly, hy $22.0:3, $22.71, $2:3.J4, 
11ml $2:).4:3 (table 25, eol. (j). By (~ompllJ'ison, tlt('SP illcrNtsC's would 
h(' eonsLant a.t $22.94 for t'!wh ill('l'Nl,s(, of 28 epnts a.hoyc' 84 eC'nls in. 
tIl(l pI'ieeo1' Gorn, iJ Uw I'n.[.{' of nitrogen application wpre not a.djus[.('() 
to 01(' most profit.H.1M l'n.(.(' ({('{t'I'mined hy ea,(·l1 pl'i('.l' of earn (h"hie 25, 
('.01. 7). 

In praetk.e, it is impossible- ftL til(' timC' nitrog('ll f('rliliz('l' is applied 
to i'or('s{'(' the ('xaet prie(' of <:Orn at ltu.l'v('s( timp. ""IU).!, them, is 
Ih(' d[pel of f).n inaeeut'n.tt' (Istimlltt' ·of th(' ('xp('('('d Pl'l(,(, of eOi'll on Lh" 
r('lurn to nitrogl'll f1ho\'p its cost'? Exdusi\'(' 01' lilt' diJ'(ld PIj'('('t that 
d('\'iations ill (11C' sail' pl'i{'(' 01' tIll' crop hu.\T(' on l'<'lurn, u.silluslmtC'd 
a.ho\'(', th('r(' is an addilionnl Joss ill j'('[.um, 'l'l1is Joss is due to i11­
il,e('urate JOJ'('('u,sling of tltl' pricl' 01' eom, and h('llGP to (il(' appli(~a.tion 
of nitl'Og('n at oUu'!' I.Iltlll til(' most profitlil>k ral('. TltNl!' rpIn.liou­
ships n.rc' sho\\'11 ill tn.hlt' 2:'). Till' r<'lurn to nitrog('l1 is rl'duct'd Jpss 
thun 25 ('('ub:; p('r !\.!:J'(' when tlte' adUH.1 sale' j)riel' is 28 ('PlltS abo\'e oj' 
i>l']Ow tIl(' prp<iie{ pd Pl'j(~(, on ,dtieh Lh!' most profi (nJI/p I'Ml' is calcu­
/MC'd. If Uw pn'die(ed pri('(' is high(,r llliLn tlH' ndunl pri('(', the reduc­
tiOll .ill r('tuJ'II' is I'l'n.1 IH'('n,us(' 01' ov("J'H,pplieu.l.ioll; hut if tht' pl'('dided 
priC('is 10w('1' lhuH U)(' a('lual pri('p, U)(' j'('tiudiou lips in (lIp poL(,lltiiLl 
rNurn (/tn.t might huy(' 1)('('Jl oh!u.iuC'(\ by lhl' hight'r rH·tp of applien.tioll, 
\\~h('n thp diJ]'C'l'l'/I('(' hpt W('Pll prl'diet('d pr.l(:l' and actun,j pr.l('(' is 56 
('('nt.s ll. hUS/H'/' (/w r('[ul'l~ t·o nitrog<'ll is J'edue('d Ips:; tillln $1.]5))('1' 
11.('1'('. J1('dtrdions in /'('tum (.0 ni( rog-pll arc' smu./Jl'I' for "O\'PJ'C'st i ­
mnU's" of til(' pricl' thull for "uHd('f'('stimn.t<'s" of nn (,(Jlml amount. 

Thus, lill' ),ptllrll t·o Jli(rogPllis nf1'('c(N\ only slightly witl'll, he'cll.usl' 
of iIHl.eellrn.lt' ('slimt1.tl's of til!' l'xj)('dpd prict' of (~orn, til(' quantity of 
nitl'ogPll n.pplipt\ t,o lltl' (TOP dl'vin.trs from thp most proJitnhlp J'U,!;l', 

Thl'$p ('{,$ulls H.I'P I!t1Rl'd Oil ill(' nSRulnpl iOIl thn t U.IC' ('xnd rdn lions/ups 
t'xPl'pssP(1 h)' ill(' pst imnf,pd (~\lJ'YP 11.)'(, obtn.ined. 

Dp{ Hils of compuln.( iOlls iJ /uHtl'ating l'('Slrl·(S w!t!'Jl the rn.tt' of nitrogen 
l).ppji(,ltliollis not n,djustl'd Lo {'hnngl's in Pl'il'l' u.n' shown in tn.hh' 2G for 
('XJ)(>r.il1H'ul 10. Applien.!ioll oj' 172.46 pounds of nitJ'ogPll, tIlt'most 
pl'Ofitn.h](~ l'n.Le whl'll ('.01'11 is $1040 ])PI' bushPl, 1'e]))'('s(,11[;S an over­

http:iIHl.eellrn.lt
http:j'('[.um
http:inaeeut'n.tt
http:profit.H.1M
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TABLE 24.-Effect oj 67-percent confidence limit c~u've8 on mo.st profitable rate of nitrogen a/nd on return to nitrogen, 
irrigated corn-nitrogen rate experiments, Oregon,W(lshinglon, amd Nebraska, 1947-53 ~ 

Results from application of the most profitahl~ mte 01 nitro~cn for the uppcr eun·c. the cstimated cun·c. Hosnits from application of tho most prolltahle mt!· 01 nil ro­
nnd Ihe lower cun'c gcn Irom the cstirnatcd cun'c on tho upper curn' nnd on ~ tho lower cun'o' 

C 

- ,- .·~-f--.~ i Return to I· Yield at, most OIlTcrCIICIl ~ 

,. " 1"0' np()lied Yicld ) Icld ,It 0 'wld III. I1I?St I~Iost profitahlo ultrogenllt Most profltablo profitable ratc Roturn to In return H 


Experlmcnt 1 pl'r !lcre clln'c I apP!lc!lt.ion pro!lln!)lc r.lte rn!r of most pl'Olltllhle . mle lor lor estirnulcd nitrogen' to ('") 


; 01 mlrogen 01 npphcnllon ! appirClltlOlI rnlr'! estimated cun'c clln'c nitrogen' >­

1 j 

t"' 


(I) 	 I (2) (3) (4) (5)! (6) I (7) I (51 ! (0) (!O) (11) txl 
cl--I POI/lid. BI/'.!'~l., -~;:-She-/.-~-.; --~:o:~~~·--T-D-ollar.-.-· POUIl:~----·~B-lIt-ht-Z.-~-1 ])ollan Dollars 

:{ J Y 06.0 130.0 - 171. 8 ! 78.03 1.)1. 6 132.~. 78. OS 0.45 ~ : 0 __________ [ E. 44. 'l 123.4 I .191. 6 8.1. 86 .191. 6 123.4 81. 86 0 
2 _________ ; L. 32. 7 11~. 0 I 2!3.9 84.54 191. 6 113.4 84.24 .30 Z 

U. 65.2 110.0 02.7 63.08 116.7 120.4 50.78 3.30 .... ....100________ K 47.\) 108.7 116.7 67.62 116.7 .108.7 67.62 0
{ 

I{ 	
"'"! L. 30.5 97.3 179.0 66.67 1.16.7 87.4 62.16 4.51 ... 

U. 81.4 121.2 100.J 39.80 143.9 124.0 35.06 4.64 
O__ ~_______ E. 63.4 10\).7 '. .143.9 43.24 143.9 109.7 43.24 0 ~ 

7____ ~____ 1 I I~. 45.4 05.91 ln3.6 41.66 143.0 89.2 30.74. I.\)2 
r \;. ?1. 5 114. I i 8~. 3 ,\7.00 106.! 1J? 1 ,!6.44 .56 !'fl 

100--------/1 h. D8.4 U3.7 106.7 b1.42 10~.1 1.1.3.7 ~1.42 0 t:1 
.1 L. 45.2 98.6 140.7 I 52.30 lOG. 7 \)3.6 01. 76 .54 ~ 

. { F. 78.8 150.] 154.!l 76.58 ! 172.5 Hi1. 7 I 7(1.18 .41 ~ 10--------1 50 ...... ___ ~ ___1 E. 60. S 142.7 172.5 I 88.78 172.5 142.7 i 88.78 0. 1~. "2. 8 135. 2 : I!l2. ~ I 10Q. 53 172. 5 132. 8 I 1~~. 12 . 40 ..,o'r 1.;. 64. 8 1.12. 8 i 80. I) 5!J. 12 101. 2 114. 0 I . .l,t 70 1. "2IO---~------!l K 55.S .107.0 j 101.2 I 57.70 101.2 107.!! 57.76 0 >­
CllL____ "'~ l J;. 43,8 100.11 124.0 60.22 10!.2 \)7.0 5!~.3~ .02 i:1l

I '{ 1-. 08. 2 111. 6 07. 15 '16. 14 10;). 0 1.12.4, 4b. 1.3 . 01 t)!{100________ i K ~2. ~ lon.8 10? 0 ~\). \)(1 10~. 0 lon. ~ I ~9. 91 0 c:: , I L. ,)9. (, lOS. 0 113. S 0)0. 6.l 10D. 0 106..1 I .)0. 47 . 22 ~'{ If IT. !l2. 5 113. 1 (i 1. 7 HI. 58 sn. 0 115. I 18. 29 i 1. 2!l c::o~ _________ ,l Eo 71. a lOa. I 8U. 0 31. I 7 80. () I 03. I 31. I 7 I 0 i:1l 
' ; L. 50. 2 02. 7 11!l. (\ 41. 56 8\). 0 88. 4 40. 13 Ii 1. 4312--------, II l;. ~().1 ~8.0 132.S 121.7 2!).~2 2.6tl 

~ 

11~.8 	 32.~8 
I 100--------1 L. h4.8 10,). I 132.8 36. ,)0 132.8 105.1 36.00 0IlL. 43.6 87.0 H14.3 31. fi2 132.8 78.8 20.3tl 2.2fi 
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27.: I f: P. OIi.9 I 142.5 144.7 85,54, ] ,2. 5 14.5.5 84. 0(1 I.. 48 

M 1V1___ 0 .••.•.• --l i. 1-;;. 44.2, 130.3 182. 5 93.16 182. fi 130.3 93. iG o 


c~ . L. 22.5 \ \(i. fl 233. 7 97.10 182. 5 IOU. 8 94. 84 2.36c: 
en 	 t 104.7 160. H 129.9 58. 30 ]80.9 \63.8 55. 60 2.76 
co All y~ -.I 05___ ._.. r.- . J,:',. 70.9 1'.13.4 180. 9 Gil. 00 180. f) 143. <1 05. \)(; o t>'1
00 	 (')[! L. 49. 1 122. fl 25fl.O 64. ,17 180.\} 112.0 60. fl2 a. 55I· Ii (T. 77. J lOCi. 2 51. .I 33.08 nil. a 108. I 21). 15 :3. 93 ~ 

M2 TTl ••1 O. "-- -.. '1 1 .K 57.0 fl6. 2 95.0 39. 79 9,1. a n(1.2 31). 70 o 
37.9 82. fl 160.5 38. 02 !l5. 0 72. 8 34.01 4.81 ~fc: 

{
I iT'. 108. 6 127. ,1 97. 7 11. 60 140.8 131. I 10.38 I. 28 (') 

iWV2• __ 1 On_. ___ ••. 1 K 80.8 110.8 140.8 20.88 1-10.8 110.8 20. 88 o 
I I L. 53. 1 93.0 185.4 28. 05 140.8 87. " 26. 1)0 L 1.5 ~ 

:>­29: 	 Ii U. 64.1 123. 'l 123.9 79.84 1-i7.7 136. <I 7fl. 06 .78 
SD •. _ 0.. -_ ..... [1 R 51. 2 127.6 147. 7 84.80 147.7 127.0 84. 80 o s: 

: L. 38. 3 131. 5 176.8 88.56 147.7 116. G 87.46 I I. 10 m 
fi u. 110.4 H.9.fl 149.2 IG9.9 151. !l 32. 62 .30 Ul

32. 02 
8p•. __ .! 0. ___ ..•• t1 E. 89. 'l 138.6 169.9 43.40 

1' IGg. U 138. 6 43.40 I o o 
.. l I,. 	 "l68.3 127.3 ]89.5 54. 18 IGU. g 125.0 53. 90 .28

' u. 143.3 173.6 05.9 ~2. 5·1 lOG. 7 175, g 20. G·I 2. 90 I-rJ 
I E. 124. 1 162.4 106.7 37. G2 106.7 162. '.1 37.62 o30. _____. __ i 0_ 	 trl{	 

H10'k 8 147.8 107. S 35.03 106.7 130.0 31. 88 a . .Ill ~; t·. 28.8 151. 2 259.0 132.51 274.3 	 152. ·1 131. 9J • GO 
32._.. ___ I O. _________ j r:: \ 1.9 140.9 274.2 139.47 2N.2 l'IO. 9 139. ·17 o E 

~{ (1) 13 I. 7 3]5. 6 137.04 27<1.2 12G. 5 135.97 1.07 trl 
I 1:. 36. 4 J28.0 13S. 6 107.4;'1 167.7 .130.3 106. 30 \. 15 ~ 

5L.______ 1 O. __ • ___ ._.!
{ 

Eo 21. 0 122.0 Hi7.7 IIG.24 167.7 122.0 116.2'.1 o ~ 
i L. 5. 0 114.7 I ]97.4 123. \3 IG7.7 110.8 122.12 1.01 e3 

trl 
---~- ----.~ ----~'"-

I E=est.illlllted curve fitt;('(1 to reportNI yields; l}=upPP!' fidencll limit mat('l'ializ('s, thcn till' ineol'l·('('t 1'111(' has bpl'n uRed trl 
limit of 67·pcrecnl. confid(,lIcl.~ eul'\'(~, lJaHf'd on t'HLillllltf'd curvp; and "(,i'iultH nltprpd aH indien\:('d in thiR st'e(;ion. ~ 

'1i1,=lo\\'er limit of 07·percent confidcnce clIrve, based on c~t.i· r. R('t urn to nitrogen for e:l('.h of til(' J'l'Hlwctin~ yield curves, trl 
mated curve. 	 when the most Pl'Ofitllble rn~e of application for the estimated ~ 

curve iH nssuJlll'd. H 
!;-'

2 Most profitable rate of nitrogen appli('lltion per acre with 	 .... 
r, Differellce bet\\'c('n rptul'lJ at; I;he most; profit:!ble rate on the to:lcorn Ilt $1.40 per bushel and nitrogen at 15 eHnts n pound. respective curv(- and the return nt UtP most profituble I'tltc of 2!,..:;3 Vulue of increased yield minus the cost of nitrogen applicll­ application for the el'iimllted em\'e contidellce limi t CIII'\'e8. In UJtion at most profitable rate. eaeh case the difference is a decrease in rptul'Jl to nitrogen because 

• The estimated curve represents the most probable yield situll· the I'Ilte applied \\'aR not the most profitable rate fot· the specific 
tion unci hence application of the most profitable rate for this confidence curve. Compare columns 7 tllle! .I O. .~ 
eurv\, is nssumed. If eit.her the upper or lower curve of the con· 7 Computed yields were ncg:ltive 011 lower limit curve. 
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TABLJ~ 25.-Relation oj price oj corn to the most profitable rate oj nitrogen application and to return to nitrogen per acre, ~ 

experiment 10, Oregon, 1952 

Price oC corn pcr 
bushel (dollnrs) 

Most profitable rate 
oC nitrogen appli­

cation I 

Cost oC nitrogen at 
most profitable rate 

Incrense in yield at 
most profitable rate 2 

(1) (2) (3) (4) 

0.84- ________ 
1.12_________ 
1.40_________ 
1.68_________ 
1.96_________ 

Pounds 
137.26 
156. 98 
172.46 
185. 16 
196. 16 

Dollars 
20. 59 
23. 55 
2.5. 87 
27.77 
29.42 

Bushels 
77. 00 
80. 06 
81. 93 
83.18 
84. 09 

1 Most profitable rate of nitrogen application per acre when 
nitrogen is $0.15 a pound and corn is indicat,ed price. 

2 Yield without nitrogen=60.76 bushels. 
3 Return per acre to nitrogen above its cost, that. is, value of 

increase in yield minus cost of nitrogen. 

Return to nitrogenValue oC increase Return to nitrogen at most profitable in yield at 172.40 pounds'rate 3 

(5) (6) (7) 

Dollars Dollars Dollars 
64. 68 44. 09 42. 9.5 
89. 67 66.12 65. 89 

114.70 88. 83 88. 83 
139.74 111. 97 111. 77 
164.82 135. 40 134-. 71 

-- _._.­

• Rate of nitrogen application per acre 

t:t1 

Difference in return to 
nitrogen betwcen llppli- ~ 

>-3 
most profitable rate 

ention at fixed rate and Ilt 
Z 

(8) .... ....-
Dollars .... "" 

-1. 14 
-.23 ~ 
0 

-.20 ?l 
-.69 ~ 

~ is held constant at, 
172.46 pounds per acre, which is the most profitable rate whcn o 
corn is $1.40 per bushel. Cost of nit,rogen ($0.1.5 X 172.46, or 
$25.87) remains unchanged, as does increase in yield at 81.93 g;'" 
bushels per acre. Difference in retlll'n to nitrogen above its cost 
is due entirely to the price received for corn. ~ 

~ 
~ 

• 
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TABLE 26.-Loss in return to nit1'ogen when rate oj application remains constant as price oj corn changes, experiment 10, cOregon, 1952 

Most profit- Difference Yield at most 
Price of corn per able rate of Nitrogen ap· Over (+) or In cost of profitable Yield from Difference in Value of differ· Loss In return ~ 

plied per under (-) 172.46 poundsbushel (dollnrs) nitrogen ap- nitrogen ap- rate of I1Ppll· yield ence In yield ' to nitrogen • Bcre I application' of nitrogen plication plied cation $ 
'(fl 

(1) (2) (3) (4) (5) (6) (7) (8) (0) (10) o 
~ 

Poonda Pounds Pounds Dollars Bushels BUilhe~ Bushels Dollars Dollars
0.84________ ~ __ 137.26 172. 46 +35.20 +5.28 137.76 142. 69 +4.93 +4.14 1. 14 ~ 
1.12___________ 156. 98 J72.46 +15.48 +2.32 140. 82 142. 69 +l. 87 +2.09 .23 ~ 1.40___ '________ .....172.46 172. 46 0 0 142. 69 142. 69 0 0 0
1.68________ ~ __ 185.16 172.46 -12.70 -1. 90 143.94 142. 69 -1. 25 -2.10 .20
1.96__ . ________ ~ 

196.16 172.46 -23.70 -3.55 144. 85 142. 69 -2.16 -4.23 .68 t':I 
~ 

ttl 
1 Held constant at all prices of corn. This is the 1l101;;t. profit­ (col. 9). A direct loss occurs when corn is $0.84 and $1.12 per 

able rate when corn is $1.40 per bushel. bushel, as the additiOllal yield will not pay for the 172.46 pounds ~ 
2 As compared with most profitable rate. of nitrogen. When corn is $1.68 and $1.96 per bushel, an in­
3 Between yield at most profitable rate and yield at 172.46 direct loss occurs, as t.he additional nitrogen that. should have trJ 

~pounc;is of nitrogen at each pricc of corn. been applied would have produced enough addit.ional corn to 
4 This is the difference between the differcnce in t,hecoRt of more than pay the cost of the additional nitrogen. ~ 

ilitrogen applied (col. 5) and the value of the difference in yield 

~ 
~ 
~ ,.... 
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application of about 35 pOlmds when the price .of corn drops to 84 
cents a. bushel. This represents an overexpenditure of $5.28 per acre 
for nitrogen. But this overapplication produced an increased yield of 
4.93 bushels, yalued at $4.14, so the reduction Jrom potential rcturn is 
only $1.14 per acrc evell though the rlLte of application was not ad­
justed from] 72 pounds to 137 pounds per acrc. 

CHANGES IN THE PRIC}~ OF NITROGEN 

In actuaJ pru,eLicc, the pl'ice of lIitrogen 1S a yu,riu,ble, and it mny 
u,ned tbe most profitu,ble rn.te of u,pplicu,tiol1 and the returu to nitrogen. 
With the pI'ice of corn constu,nt u,t $1.40 per bushel, u. ehu,oge of 1 to 
3 cents a pound in the price of nitrogen I'esults in rciu,tivcly SIllU,1l 

chlLnges in the most profiLu,blr rn.[t' or u,pplieaLion POl' llere (tu,bIe 27). 

TABLE 27 .-1'he e.Uect (!! price pel' pO'U 11d oj-lIitrorJe1/ on the most lJl'qfitable 
Tate oj ?litrouell (/.ppl·icatio'll pel' acre alld on increase in yield (if il'­
1'i[JCtted corn 

l\ros'p pH.OFrl·AHlll~ RA'I'E 01;< NI'l'UOU}<JS APPI.. ICA'I'ION 1 

•... -----_...- ..._. . ....... _...... .. .... ... .. ----- ­
l Price of nitl'og:cll PCI" POUIllL 

EXlll'rilll~IlL 
!-13-C-'C-llt-s-I'--I'-'c-.c,~;;~--;u-:'ts -'-1-7-cc-n-t,s--:-' -I-S-CC-."-ts­

---------·I~-·-!--·-:-·-·-·-.. ·· ...-·--:--~,---
Ponnris • Pounds Pound.'). PoulIds Pounds POlLnds

22 ____ ~ __ ~_ .. _ 203.5 I 197.3 19J. 0 186. I. 181.0 170.2 
7 2 

_ ---- 154. 6 149. 0 143. 9 138. 9! 134. 4 130. I 
10 2 _ _ _ • _ .. _ • _ . .- I l83.0 I 177.9 172.fi 1(j8.0 i 104.3, HiD. 3 
11 2 ___ ..... -.- ••• - 106. 7 I 103. 8 101. 2 98. 6 i 96. 3 I 94. 1 
12 2 ___ ••• _._-- - .. 95. 1 I 91. 9 j 89.0 86. 2 I 83. 6 I 81. 1 
27: 

l\f'YJ 3 __ _ 193.1 187. (j i. 182.5 I 177. 8 I'173.3! 169. I 
I 

Sidedressed. ___ . . 155.8 151. () 147.7 144.0 140. (j 137. <I 
29: 

I 

Sidepluced ___ . . . 183.9 l76.7 1(j9.9 103.7 157.8 152.2 
30 _ _ ... _..... 114. I 110.3 100.7 103. ,l • 1.00.3 I 97.4 
32. ___ . .. _.' 290. 2 28t. \) 274.2 2(;7. I . 200.4 . 254. I 

I 172.4 168. t 167.7 153.751 ____ . .. ... I ! 100.4 . 15(j.9 • 
I, 
I 

INCREASE IN ),IEI,I)" 

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


BIIshel" Bllshels I ./JIIS',eI" BII.,lre.'s I B/lSIr~,-1 Bllshels­
2 2 ____ ... _ ••.. -.- ._. 80. 2 79. (j 79.0 78.4 . 77. 8 1 7'i. 2 
7 2 ____ .. _ ---_. _ •• '17, <I 4(j. 8 4(j. 3 45.8 45. 2 44. 7 
:10 2 ____ ---.-_.-- ••• 82. 9 82. ,~ 81. 9 8t. 4 80.9 80.4­
11 2 ___ .. ___ • ____ -. •. 52. (j 52. 4 52.1 51. 8 51. 5 51. 3 12 2 ___ •• _. ___ • _____ . 32. <I 32. 1 3t. 8 31.. 5 31. 2 30.9 
27: 

ilfJV, 3_.. • ... __ • 87.2 80.7 80.1 85.0 85. 1 84. 6 
29: 

Sidedressed ___ _ 77.2 76. 4 76.0 75. 6 75. 2 
Sidcpllleed _ ___ _ __ . 50. (j 49. 2 48. 5 4.7.8 4.7.130 ________ •• _______ _ 73. 8 73. I 72. 7 72. 3 72. 0 

32 _____ . ________ ._. 130. 5 129.0 ! 128.2 l27.4 126. (j51 ______ • __________ . 101. ij IOI.O! 100.2 99. 8 99.4 

1 Most profitable rate computed at $1.40 price for corn. 

2 No P 20s applied. 


• 


• 


• 

3 For explanation, sec table 7, footnote 2. 
4 Inerellse ill yield ovcr no applicatioll of niLrogcll. 
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For most of the experiments a change of 3 cents a pound in the price 
of nitrogen alters the most profitable ra.te by only 10 to 20 pounds 
per acre. The change in yield is relativeljr small as the most profit­
able rate is adjusted to the price of l"litrogen (table 27). As the 
price per pound of nitrogen increases the most profitable :rate de­
creases; but the total cost pC'l' acre of the application of nitrogen 
increases, and the yalue of the yield per acre decreases (tables 27 and 
28). A decrease in lhe price of nitrogen produces opposite effects. 

TABLE 28.-The effect oj price oj nitrogen per pound on the cost oj 
nitrogen per (Lere, and the l'aL1Le. oj the increased yield at the mo.st 
projit(Lble rate oj nilNl(jen pl.'~' acre on il'l-igated corn 

CO:::1' OF' XI'l'HO(1EX PEl! .\CRE I 

_._--"----- . 

Pri{'(' of l\\tro~~11 l~r pound 

Exp~rimcllt 
I 13 e(~nts H ('(lilt.€' 15 ('l)nts Iti c~nts 17 cents 18 cents 

--- .-- "'.~.-~....----"" ..._-­
f)olltlrs flaUnrs Dollar.• Dol/ar8 f)olltlr~ Dol/ars 

_____ • _________ ••.2 2 26. ·W 27. 02 28.74 29. 78 30. 77 31.72 
72~_ ... _..... _... _... ___ .. _~_ 20. 10 20. 86 21. 58 22.22 22.85 23. 42 
10 2 

, --,. -------,,-- 23.79 2·1. 91 25. 88 2(j. 98 27.93 28.85 
11 2 ___ . 13. 8i H53 15. IS 15.38 16.3i 16.94-----_ .... - ... ­

_",_", ___ h_ 
122 ____ 12.3(j 12. 87 13. a5 13.79 J.1. 21 1'1. 00 
27: 

lII1 I?_._. - . .., ~ -~ " 25. 10 26. 26 27.38 28. "15 29.46 30.44 

• 
29: 

Sidcdressed ____ .. 20.2;) 21. 22 22. Hi 23. O,~ 23. 90 24.73 
Sidcplaced __ . 23.91 2·1. i·1 25. -18 26.19 2(j. 83 27.40 

30 .. ___ .. - ~ - ~ - ~ . 1·\. 83 I:, H 1(j.00 16.54 17.05 17. 53 
32 _____ 

- ". 
37.73 3\!. J7 41. 13 -12.7·J ·j-l.27 45. H-- ..-

~ 

.... - ­
51. _____ •. _ 22. ·11 23. 53 25. }li 25.6ti 26.67 27.67-- . 

_~~ C~ .~,____."", .. _ - -.~---\.-.--.---.'~-

2 2 ,.. __ ... '''' .... -_... - .... - 112.28 111. .q 110.60 l09.70 108,92 108.08 
7 2 66.3G 6;i. 52 (j.!. 82 64. 12 (j3.28 62. 58____ . 

10 2 ___ 11 G. OU 115.30 11-1.06 113,90 113.2(j ll2.56 
112___ 73.0·1 73. aa 72.94 I 72 . .52 72.10 71. 82 
12 2 ___ • 

, .. 45.3li ·1.-1. 9·} H. 52 44.10 43. 68 43. 26 
27: I 

A[I \?- 122.08 121. 38 120.54! 119. 84 ! 119.14 11S.44 
29: ! 

Sidcclrcsscd __ • __ , 108.08 107.52 ]06.96 106. 40 105. 8·~ ]05.28 
Sideplaced ___ .. 70.8.1 , 69.86 68. 88 67.90 66.92 65.9'1 

30. 103.32 102.76 102. 34 10 l. 78 lOt. 22 100. 80 
32. ___ J82.70 181. 58 180. 60 179.48 178.36 177. 2'1 
51. _._ J·IL 96 HI. ·10 1,U.40 , 140.28 139.72 139. HI 

"----,... 
----~-

1 At tlH' IUO~l profitable'm.tp of applielltian per ncre with nitrogen at the in­
dicated priC(' per pound. See table 19 for pound" of nitrogen per acre und bushels 
of increased vi ('lei of corti. 

2 Xo P20" ~lpplit'd.

• 
3 For explanation, s('(' table 7, footnote 2 . 

'rhe return to nilrogt'n cleercnses us th.c price of nitrogen increases 
if the mit' of n.pplieatioll is adjusLed Lo the' highet· price (table 29). 
The relurn also c1ec'['N1SPS us the' pri('t, of nitJ'og('Jl incr('as('s when the 
i'ille of applicution remains (~onsUUlL (table 29), The differences 

http:profitable'm.tp
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between the return to nitrogen for a constant rate of application de­
termined at a price of 15 cents a pound and the :return to nitrogen ior 
a rate of application that is changed as the price of nitrogen changes 
are very small (tables 29 and 30). 

TABLE 29.-Return to nitrogen when nitrogen ·is applied at the most 
profitable rate according to In'ice per l>owul, and when the Tate oj 
application remains constant regardless oj aci1wl price 1 

~\'l' MOS'1' PHOl'-~rrAl1JJE n..A'rB OF APPLIC,:\'.rtON 

Heturn to nitrogen when priC\> of nitrogen p~r pound ts-
Experiment; 

I 
13 cents 14 cenis I 15 cents 16 crnls i 17 cents 18 cents 

\ 

Dol/lIr., Dol/flrs Dal/llrs Dol/lIr., Dollars Dallars 
85.8!) 83.88 81. 03 80. 05 78. 22 70.43 

_________________ •7 2 46.22 '.14.70 43.23 41. 82 40. '15 31l. 13IO 2. _______________ _ 92. 32 90. 54 88. 83 87.08 85.38 83. 77 112________________ _ 59. 80 58.74 57.71 , 56.72 55.73 54.79]22 ________________ _ 
32. 97 32.03 31. 12 i 30. 24 29. 39 28. 58 

27: 
lUI VIa ________ • ___ _ 90.94 95. 05 93.19 91. 38 89.64 87.92 

29:
Rideclrcssccl ________ _ 87. no 86. 36 8'1. 87 83.41 81. 98 80.60
Sideplacccl ________ _ 47. 01 45. 12 I 43. 35 41. 81 40. 20 38.6430__________________ ' 

32__________________ _ 39.95 38.84 37. 7'J \ 36. 70 I 35. 69 34.70 
51 __________________ ' 	144. 91l I 1'~2. 17 I 139.47 , 136.68 134.01 131. 44 

1I9.60 I 117.9] , I 16.24 i 114.61 ! 113.03 Ill. 47 

,Nt' CONS'rANT .RA'l'}i) OF APPLICATlON 1 

2 2 • ____________ • ____ ! 85. 77 83. 85 81. 93 80.01 [ 78.09 76. 17 
__ • ___ • ___________ 17 2 46. 11 H. 07 '13.23 41. 70 40. 35 38.91 

10 2 
_ ----.- ----------' H2. 27 \)0. 53 88.83 87.07 

I 
85.38 83. 67 112 ________________ . 1 	

f 

5\).73 .58.72 57.71 50. 70 55. 09 54..68 ,
]? " 	 ! 32.90 32.01 31. ] 2 30. 23 i 29. 34 28.45
2~;---------·---·---1 i 

J'hYI 3____ - -------t 90.83 95.0I 93.19 9L 37 ! 89.55 87.73 
29: 	 j 

SideclrcssccL___ •. ___ 87. 83 86. 35 84.87 83.39 81. 9] 80.43
Sideplaccd . _ . ______30 __________________ 46.85 45. ]5 '.13. 'J5 4i. 75 40.05 38. 35 

32___________________ 3\).88 38.81 37.74 36. G7 I 35.00 34.53 
]+1. 95 142. ] 7 ]39.47 136.07 I

133. 9\) 131. 25 51.__________________ 
119.55 117.87 110.24 114.56 112.88 i 111. 20 

i•. 
I In this inlltance, the con",tant rate for each experiment is the most profitable 

rate of application when nitrogen is 15 cents a pOllud. 
2 Ko P 205 applied. 
3 For explanation, see table 7, footnote 2. 

RESPONSE UNDER V ARIEDCUJ.JTURALCONDITIONS 

:Many different cultural conditions occur in the tU'ens in which 
nitrogen is applied to corn. SOUle of these eouditions that affect 
yields are use of nutrients other than nitrogen, pl'o\-ious usc of com­
mercial iertilillel's, use of legumes in the crop rotn.Lions, levels of 
moistUl'e applied, t),nd plant populations. The effect of these condi­
tions on the response Lo nitrogen yaries. The study of nitrogen alone 
will not pl'o\-ide the answer Lo siLuations in whieh othor eonditions 
valT. Experimen Ls are nnnlyzed ill terms of Lhe varying retUl'ns to 
nitrogen under each type of situation. 

• 


• 


•. 
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TABLE 30.-Lo,~8 'in l'ei'W'n to 'n'itrogen when the rate oj applicatio'n, 
remain.'] constCLnt and the price oj nitrogen chCLnges 1'j. 

Loss in return to nitrogen when the price of nitrogen per pound is "-
Experiment 

13 conts 14 cents 15 cents 16 cents Ii cents 18 cents! I I 
I Dollars DoUurs Dollars J)ollars I Dallars ! Dallars 

27 3 
_ __________________ ----------------- 0.12 O. 03 0 0.04 O. 13 

I 
,i O. 26 

3 .11 .03 0 .03 .10 .22 
10 3 

_ .. _-------------- .05 .01 0 .01 .00 Ii .1011 _________________3 .07 .02 0 .02 04 .11
12 ·3 _________________ I.07 .02 0 .01 .05 .13 . 1
21: I 

llI Y 4_____________ 
I I .11 .O,j. 0 .01 .09 I .19 ,29:

Sicledressed_________ .01 .01 0 .02 .07 .17
Sicieplaced __ . ______ . ]6 .06 0 .06 . 15 .29 

.07 .03 0 .03 \ .01) .17~~::::::::::::::::::I . 04- .00 0 .01 .02 .1951 __________________ 

.05 .03 0 .05 .15 .27 
\ ! 

I In this instance, the constant rute for each experiment is the most profitable 
rate when nitrogen is J5 cents a pOllnd. 

2 Difference between the return to nitrogen when the 1110st profitable rate at each 
price is applied II.nd when the most profitable rate at 15 cents II. pound is applied 
regurdless of actual price. 

3 No P 20; applied. 
4 For explanation, see table 7, footnote 2. 

• TECHNICIAt~-CONTROLLlm VEHSGS FAHMEH-CONTIWLLED 
J~XJ'.EIUMJ~NTS 

At Ontario, Oreg., sev(,l'Ul experim('nts were conducted at the 
11alheur Experin1t'nt Stn,lion and on cLiJrC'rent farms. Technicin,ns 
controlled the experimental factors that "'ere studied in experiments 
8, 9, and 10. In other C'xp('rimC'lJ ls, farm('l's con trolled the cuI Lural 
pn1.Clices with{'be l.·cGording of farmcr operiLLions, IU1l.Tcsting of plots, 
and collection of otbol' data performed or supervised by technicians. 
In general, yields ,,'C1'e higher n,t thc most profitable en,les of applica­
tion of nitl'Ogen ill technician-controlled ('xperiments than in farmer­
controlled experimcnts (table 31 and .fig. 7). The 1'ctUI'l1S to nitrogen 
vl1riecl widely. 

Although, in general, yields both with and w:itbout fl'rtilizer were 
lower for experimcnts in which cultural opcl'l1tions were contl'olled by 
farll operatOI's, the retuL'l1s to nitrogen were substantial (lable:31).
If the yields on flLl'll1('l'-COll trolled fields eould be raised to Lhe g('neral 
loyd of top yields for the tccbuiciau-eonLl'Ollecl experiments, the .l'etul'll 
to uit.J-ogell for farmer-,'on trollecl experiments eould probably be in­
creased considerably. 'nl(' problem is bow to decicle whieb, if any, 
cultural pmclices would enable the fanners to obtain Lha higbet' yields. 

EF.FECT OF 1'205 ON YJELD UESI'ONS.E TO NlTUOGEN 

Additional P 20 ii fNtili,wl' is not nceded for procluction of corn in 
the wesLem ilTigat('cl iU'eIlS, u,<'('Ol'ding to existing evidence. Howeyer, 
several experiments n,t Ontal'io, Oreg., were eonductecl to determine 
the effect of PzOr, on yield respons(' to l1itrog('u. In ('aeh, the response 
to nitrogen was measured on plots wiLh all t1pplication of 100 pounds 
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Technician VS. Farmer Experiments •CORN RESPONSE TO NITROGEN 
BU. PERACRE------------·----------------------~ 

lAO EXP,t. 88__~~~~~~--~::~~~~~ _ Expt. 10 

120 


100 

o Most profitable rate * 
_ Technician 
__ Farmer 

AO~____~----~----~~--~----~--~ 
o 50 100 150 200 250 300 

LB. N APPLIED PER ACRE 
OHTA.RIO. ORECOH .. H 4 T IS. PER LB. COR"''' T 11.'0 PE.1f 8U1HEL 

U. S. OEPAR1"'ENT Of AGRICULTURE tH'::G • .sS (3)_981 AGRICULTUR .... l RESEARCH SERVICE 

FIGUIIE 7.-Yj,'ld respollse clJrn~s nlli! Ihe most prolltahlc rale of Uilrol(l'n npplicatioll, 
irrigated COrtl-nitr.ogen rate l'xp'~rilllcnts on (nrlller-controllcd plots and ou 
1•.'('lll1il'ian-l'tll1lroll(·d Jilol~.. 

T.\BLl·; :il. ilW'W8(, ill yield pCI' (lCN and return to IIi/room, tcchnician­
(,Oll{ dled alld jw'III CI'-CO IIIJ'ollal u]Jel'illlents, Olli([l'io, 01'('(/, 

: Yi~ld tit lUost i Most Jlroflt­
Yi~ltl nt 0 proflt[\bl~ : tllcrPlise ill llbl~ raw of Hcturn to

Experimenl Illtr()g~1l rtll~ of 1 yi~ltl nitroJ!cn nitrogen Inppll(.llloJl ni{ro1!f'J1 
I I l1pplil'll(iol1npplicntioll 

... """"-.~---J-""~'- ~ """- ~--
Coutrolled by t('('hllieian;;: 1l1l.llcL, Hush"l. Blls'.r,ls Poulld. Dollars 

8_ 112.1 133.4 1 21. 3 7(i.l 18. '10I 
f

\I.. - I !14. (j 135. i.1 ! 40.8 110.0 40.62 
2 GO. 8 :1'.12.7 I 8 l. !) 172.5 I 88. 78 

10 • - "IGout.rolled by ful'ttlers: 
23........ __ "•• ____ • 47. !) 108.7 60 8 116.7 i 67.62

2 ___ " ___ . ___ ." ____ 44.4 12::1. 4 79,0 191. 6 i 81. 86 
1L .. __ ..... - - . ---- 55. 8 107. !) 52. J 101. 2 ! 57. 76 I12____ ........ .. 71.3 103. I 31. 8 8!l. 0 31. 17 


~-13. ___ ,, __ \\10.21 107.3 17. I D2.0 10.14
7•. _______ j 

~. ... - - ... ~ G3. "I IOU. 7 I 46. 3 
1 
I IA3.9 43.24 

I 

t Dilrerenee bel \l'e('n value of in('rea~e in yield of ('Of'll at $1.'10 pel' bushel, less 
em;1; of niLrogen at 15 (,(,l1t$ a pound applied at 1ll0,;t pl'o1itable rate, 

2 Ou fanner';; field, but c~s('n! ially controlled by tecbniciam:. 
3 100 'pollnd~ of P~(h per acn' also applied, 

of P20r. PCI' fI.('/·c and on plots with no P20". Bl'lwl'l'tl Lh('sc two lev-cis •
of P 20 u till' <lilre/'c'IlC'('s in tLYC'l'tlg'(' yields, fol' aU 1('\'e!s of nitrogen, were 
within the 1'11,11[2;(\ of yidds thILL could bn,yc o('eLflTed by chttI1ce (5), 
Economic tl.ilu!ysis basN! Oil LIi(' 1'('spons(\ ('UITPS to nitJ'ogen shows 3 
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experiments with a greater return to nitrogen wben P 20s was not 
applied and 3 experiments with a greater J:eturn to nitrogen when 
P20 Swas applied (table 32). The differenccs, however, are relativclv 
"small. .. 

TABLE 32.-E.iTect oj phQsphatejel'tilizel' on the Telu,rn to nitrogen at the 
most profitable mte oj 7l'itrogen aP1Jlication, Ontario, Oreg. 

Yield nt most 
I·Most protl t·P,O. ! Yield at 0 protltnble Increase in nble rIltc of Heturn (0Experiment I nppU<!d Ilitro~(!n rate ofI 

! 

nitrogen !ti. Iler acre applicnllVIl nilrogcll ,"oW I ,,'""~"applicationI npplicnUon 
., -".- .. ~ ..-- ­--~-

2 __________ POIL1ld•• BUS/leU. 'i BIIJlheu. BIMheu. Pounds ]Joliars 
0 '14.4 ! 123. ,1 70.0 )91. 6 81. 86 

100 47. \l f 108.7 60.8 116. 7 67.62'1 __________ 0 81. .( lQH.8 25.4 100. 0 20.56 
100 89. 8 112.3 22. 5 92. 0 17.7011 _________ 

0 55.8 j 107.9 .52. J 101.2 57. 76 
100 62. !J 109. 8 46. 9 ]05.0 49.91

7 __________ 0 63.4. I 109.7 46.3 143.9 43.24­
.12 _________ 100 58. <I I JI3.7 55. 3 106. 7 '.il.4.2 

0 71.3 103 . .1 31. 8 89.0 31. 17 
13 100 64. 8 I 105.1 40. 3 132.8 36.50 

0 90.2 ! 107.3 J 7. ] 92.0 10.14 
100 81. 7 i 106.1 i 24,.4 82.0 21. 86 

~ 

1 See appendix table 40 for det.ails of each experiment. 

~ Difference between value of increase in yield of corn at $1.40 per bushel, less 


• 
cost of nitrogen at 15 cents a pound applied at most profitable rate. 

Only in experunents 7 and 13 wereLbe increased returns to nHrogen 
sufficient to pa:{ the eost of the 100 pounds of PzOs applied per acre 
(fig. 8). EA1)eriment 7 was conducted in the same field but not on 
the same plots as experiment 2 in tbe previous year. The return to 
nitrogell was $]8.18 mOI'e with the use of 100 pounds of PZ0 5 in 
experiment 7 in 1951, but fOl' the p}'(\vious year the retul'11 to n.itrogen 
was $14.24 more with 00 P 20. in t'xp01'imenl 2. In experiment 13 
the return to nitrog('n without J)20u was $10.14; with P20S it was 
$2] .86. In this insIl111('(', the lllitl'gin above t.he cost of 100 pounds 
of P20 5 is $2.72 pCI' a('n' (htble :32). 

1)IU~VIOl'S FEHTlLlZlm I'I{ACTICES 

• 

Legume cl'opping.-Legume crops add nitrogru to Lbr soil. Addi­
tion ofllit1'ogen following legumes mu,y not i11el'(~aSe crop yields ma­
terially, Al Outnrio, Oreg., addition of uiLl'ogen did not increase the 
yield of corn followiog alfalfa in LlJe \.hree experimcnts for whieh alfalfa 
was the preceding c:rop. The yield without nitrogen was lll, 124, ILnd 
131 bushels per a('re,i'espeeLiv('\y, for eA-pel'imcnts 5, 6, and .l (table 2). 
In experinlent S, also ttt; Outa,rio, COl'll plan Led afLN' barley, which 
had followed 3 years of alfitlfa, yielded 133 bushels at the most profit­
able rate of 76.1 pounds of nit.rogcn pel' a('.J'C;' (fig. 9 and table 33). 
The increase in yield WitS 21.3 bush('ls and the retUl'Jl to uitrogen 
was $18.40. Sixt.y pounds of nit.l'ogen bad b(~(\n applied to Lbe barley 
crop. 

At Mos('s I~ake, ""Yash., cxpcl'iJl1('ul 30 was ('onc/ucLed following 3 
years of ttlfalfl1. which had been seeded on virgin soil. 'rile yield of 
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PHOSPHATE FERTILIZER 
Effect on Corn Response 10 Nilrogen, Onlorio, Oregon • 

-",--­
100 lb. P,D, 

~ _ Estimated ,i.lds80 ­ • R~ported yields 


60 o l:l. Mosl profitable lale. 


40 

:~g px"RlM'N'13 • 
80£::== L 

o 50 100 150 200 
LB. N .APPLIED PER ACRe: 

•H A. T IS" PER LB" CORH AT J',.40 PER BUSHEL 

L...U._,_.O_E_P_'R_T_ME_"_T_O_f_A_GR_IC_U_~T_U_RE_________H_EC_._'_'1;,..'_1-_"_3 AGRICUt.lUR"L RESEARCH SERVICE; 

FIGUIII~ B.-Yield response ("Ur\'CS, [('porled yields, and yidd atlbe .llIosl profilable 
rale of nitrogen application, indieating the elTeN of P20s on yield responses, 
irri~nted eorn-nilrogen rate exp(!rirllt'nls~ Ontario, Oreg. • 

ALFALFA 
Effect on Corn Response 10 Nilrogen

0-­
o Most profitable rate * 
• Reported yield 

o .40 80 120 160 200 

1.4°E EXPT.8 _ 
 •120~'-O-

o 50 100 150 200 
LE. N APPLIED PER ACRE 

• HAT IS. PER LB., COR'" AT JI.40 PER BU1HEL 

u. S. DEPART,IoIfHl ~OF AGRICULTURE. f'lEC. ss (S1 -98" AGRICUl.TURAL RESEARCH .\ERVICf •
FIGURE 9.-Yi,·ld respouse curves, .reported yields, and yield at the 1110St pwfitahle 

rate of nitrogen applied for irri~:'tcd corn-nitrogen rate experimcnts following 
3 ycars of alfalfa aLMoscs Lake, ,Vaeh., ane Ontario, Oreg. 



ECONOMIC ANALYSIS OF FERTILIZER RATE EXPERIMENTS 49 

TABLE 33.-Increase in yield per acre and 1'eturn to nitrogen on irrigated 
cornJollowing a legume crop, Ontm'io, Oreg., and]loses Lake, 11'ash. 

,f 
!Yield Ilt most; 

Yield nt 0 ( profitllble : I .. ~fo>t profit-I Retumlonitrogen np- i rote of l· IIc~~n5<l In 
• 

Experiment I able nltc of Initrogen·'plication Initrogen np-! )lCld nitrogen -' 
, 'plication 

, , 
S _______________________ BlUhd3 I BIl8he/3 BlUhtls POltnM Doll",. 

112.1 133.4 21. 3 76.1 IS. 40 
27: 

MI TTl (19'lS) _________ 44.2 130.3 86. 1 182.5 93.16 
M I1'2 (194S) ______ - _-, 76.9 143.4 66.5 180.9 65.96 
111zVI (1948) _________! 57.6 9u.2 j 38.6 95.0 39. 79 
M 

2Y 2 (1948) _________ 1 80.8 110.8 30. 0 140.8 20.88 
27+28: • I 

Mil) (1948-49) ___ - __ \ 62.8 166.7 103.9 182.5 118.08 
l\fJ l' 2 (HH8-49L __ ... 91. 9 21<1. '1 122.5 180.9 1;1.4. 36 
1112TTl (1948-4.91. __ - __ ! 83. 3 120. g 43. 6 95.0 4.6.78 

30______________________1 177. G IM2 r'z (194.8-49) - - _ - - - \ 103. 8 73. S 140. S 82. 13 
124. 1 Hi2.4 38. 3 10G.7 37.62 

I See appendix tables 40 and 41 [or drtails of experiments and tables 2 and 9 
for yields. MI=8 irrigations 1948, M~=3 irrigatiou,; 1948, V1=110 \-etch )948, 
Y2=wlnter vetch plowed under before corn. 

z As computed .from first-year re::;pOl1;5e_ 
3 Difference between value of increase ill yield of corn at 81.40 per bushel, 

less cost of uitrogen at 15 ceuts a pOllnd applied at mo:;t profitable rate. 

corn without nitrogen wus 124 bushels pel' acre. The yield wus in­

• 
creased 38 bushels by the appIication of nitrogen at the most profitable 
rate, 107 powlds pe,!.' acre ttable 33). Tbe return to nitrogen wus 
$37.62. 

111 experiment 27 at Moses l.Juke, 'Vasb., nitrogen wus applied with 
a.nd without a. cover crop of winter vetch plowed under before the corn 
,\'us planted in 1948 (tuhle 7 and fig. 10). The following year ill 
experimen t 28 uU plots \\'ere givenadeq UUle irrigu,tion \,-uter, hut no 
udditional fertilizer \ms applied. In 1948, yetch il)('l'C'asccl the yield 
011 the plots about 33 bushels (ttlble 33). XitrogC'1l ut the rate of 180.9 
ponnds P('I' acre iucr('used yields an additional' 66.5 bushels pel' acre, 

• and the ,!.'etUl'n to ,nitrogen was $65.96. Th(' l'('tul'n to nitrogen 
($65.96) plus the valm' of the ine]'('ased yield (3:3 bushels at $1.40 per 
bushel), with no application of nitrogen wben eol'll foUo\\-('d a \'('teh 
coyer crop, totaled $112.36 compured \,'ith $93.16, whirh is tbe return 
to nitrogen on C01'1l grown wilbou t J~ co\~er crop. A difference of 
$19.00 is available to pay the eost of a eover crop abo\Tc the returll to 
nitrogen without cover crop (table 33) . 
• The response to nitrogen at. the 10w~moistUlc level (]12) was more 
sustained Oll the plots thn,t fo11o\\-ed v('teh than on the no-vetch plots. 
Eyidently the Yetdl CO\TCl' crop incrC'usccl the lwailable moisture at 
planting time. The sustained yield is re£lecLed in a most profitable 
l'n,te of 141 pounds of nitrogen for the vetch plots, compared with 
95 pounds for the no-vC'teh plots. 

• 
The combinecl yields for 1948 and 1949 show tbat the check plots 

(no nitrogen), preceded byLhe vetch ooy<'r crop had a 29-busllel 
gn'ater yield than the check plots without vetch. The return to 
ni tJ'og(\J1 "TUS, $144.36 for the eheck ,Plots ~'olJowing a \Teteh cover crop 
compared WltJl $] 18.08 for plots Oll wlueb the COYer C.l'OP was not 
grown] 01' a dif[P1't'J1ce of $20.28. 

http:1948-4.91
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LEGUME COVER CROP 
fHecl on Corn Response to Nitrogen, Moses Lake, Wash. • 

BU. PER AC:RE ­----.., __or---
Vetch, ....}-....-~ • 

100 
"", >-" • 

-'" 
80~ " None ­

o Most profitable rate * 
REPORlED YIELDS60 ­

• Vetch 
• None 

AO 1 1 J 1 l. ­
0 AO 80 120 160 200 2AO 


LB. N APPLIED PER ACRE 
J IRRJG;.rlOHl • H .... r rs" PER L.8., CORN .... T sr."O PER aUSHEL 

U,,5. DEPA.RTMENT Of "'ORICULTURE NEG. 55 (5l-985 AGRICULTURAL RESEARCH ,SERVICE 

FIGURE rO.-Effect of a vetch cover crop on yield response curves, reported yields 
and yield at till' .lUosl profitable rale of nitrogen application, irrigated corn-nitrogen 
rate experiment 27, M(.ses Luke, \\Tush., J948. 

The value of the incrN1Sl' in yield with no nitrogen and no co\'er •crop (29.1 bushels at $].40 pc.!' bushel) amounted to $40.74. Thus, 
there was a total inerense of $67.02, which migbt be considered as 
ayailable to pay for the yetch eo\"('r crop. Tills is in addition to the 
Teturn to llilrog(:'Jl of $118.08 per acre, when applied without the 
benefit of the coyer crop (table 33). .An additional benefit of winter 
vetch is the eontrol of wind ('rosiOll. However, this analysis was not 
designed to entIuate this benofi t. 

CommercialfertilizeJ' ltiSiOr'll.-Tbe use of commercial fertilizer in 
yeu,rs preceding production of eOI'J1 mny affect cOllsidembly the yield 
response to nit.rogen. At OntiLl'io, On'g., conunercifl.l fertilizer was 
applied ill small Cjual1lith's in the year preceding corn on only two of 
the expcrilllenls conducted on JU.rJllS (appendix tfl.ble 40). Three of 
the, experiUH'llLs (loud ueted at the experiment station were on soils 
that had grown l·ow.crops in t.he year preceding the experiment, ane! 
on which 40 to 60 pounds 01' nitrogen had been .applied. Data on the 
fertilize,r history of the experimental sites al'e so limited that they are 
of relatively little yalue in evaluating the residual effect of commercifl.l 
fertilizer. 

Manure was not applied to the crops thn,t immediately preceded 
corn in any of Lho On·goll 01' Wnshington experinlcnts studied. Pre­
ceding the inititl.tiOJl of ('xpt'l'iJllent 52 in N ebrnskfl.1 the plots had been 
treated with manur(' :LIlItuully fot scYcl'n1 ,Yefl.rs. . 

The cropping history of plots on which experiments 54 to 57, •inc1usiYe, were conclu('t('d ineludcd ShOl't rotu,tions of row crops. Smfl.ll 
quantities of lllu'ogen and P20. \\'{'1'e n,pplied to crops preceding experi­
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• 
ments 54 and 57. Preceding experiment 55 there were no prn.ctiees 
for maintenanee of fertility but in exprrimrnt .56, 12 tons of mrulure 
was applied eYf?ry 2 or 3 Y('[l;J's. Corn ,,'as gro\\'n continuously from 
1912 on 2 replic!tlions and 0, sugar bOPi-potato rotation from 1912 
to 1949 OIl 2 rep]ieations prior to experiment 58. In this experiment 
half the plots were treated with] 2 tons of manure in addition to the 
nitrogen. 

l\'lOISTt:HELEVELS 

Adequat(' water is essential to ena,ble eorn to utilize nitrogen most 
e1l'c('tiy(']y. In a f(>w cxperinH'nts, the quantity of waLt'!' applied by 
inigation wa.s \"nJi(>(\ to study tlJ(' yi(lld l'('spons(l to nitrogen under 
c1ifl'erc'nt ]pYt'ls. In (>xperiID(>nt 26, the quantity of nitrogen appliC'd 
was so low thal thp pstimatpd respOllSP cun'e did not inrlude the 
estinmled most profitablr rates of appli('iLiion (tnhlps 5 and 20). The 
dilferpl1ee iUl'elul'1l to nitrogPll at 400 pounds 1)(']' a(,l'p and tLt tItp most 
profitahl(' J'nJp for any 01U' of thp 1112 (5 irrigations) OJ' jlfa (8 irrigations) 
tl'eatnH'l) is would be \'P1'Y smnll. 'I'll(' most pl'ofi tah](' rate wi th the 8 1 

SpaCi1Jg for U1P 1111 (1] in'igalions) tl'catm(>nt is approximatl.'ly 1(JO 
pounds smallt'r than for pitilt,1' lhe 1112 or thc 111a treatmpnt. ",Yith the 
8 2 spn'('jng Ulp most pl'ofltn,b](' rate' is much great('r for tlie il11 (11 
i)'l'igations) t]'('nlnH'J] t, than for pitlwJ' the A12 01' th(' 111a trputlllel) t 
with tIl(' saul<' spaeing. '1'ht's(' cliJ]'('J'('llces for th(' 1111 tl'(>atmen t 1"11'e 
neithpl' ('ollsistPlll \\-i tIl the othPr 4 most profitable rates for this experi­
mpnt nor \\-j[Ji rt'ln.tionships shown ill exppI'iment 33 (tahles6 and 20). 

• 
Difj'erel1(,(,s in th(' most profitable raLps hetwpt'll the Afl (15 iITiga­

tions) ancll1f2 (1:3 irrigations) tl'Catllll.'nts \VcrI.' small in expC1'imPllt :3:3 
(tabl('s 6 and 20). Lowc]' most profitahlc mtes we1'C obtaincd 'with 
th(' 8 1 and 82 spa('ings. This indicatcs that lack of moisture limit.cd 
th(' n'SpOl1Sl' to nitrogPll. rrhp J'('tUl'll to nitl'og('U wns not computed 
becaus(' no zpro )]itrogell rate's \\'('1'(' inl'lucL('cl in thc ('xperiment. 

At ~Jost's 1.1ak('.\'-ash., ill cxpcrimcnt 27, moistul'(, was applIcd to 
corn at 2 1<'v('ls ('onsisting of :3 n,net 8 i rrigt"1{ions , hoth following n 
"'jnt('r y('tell (TOP and ,,'itbout \-('(eh (lahlPs 7 and :3:3, fig. ] 1). ,Yith­
out Ill(' (,0\,('1' crop tlw most profitn,blt, 1'0,[1.' of n:it1'ogPll applieation wus 
182.5 pounds P('l' ll('l'(' with 8 irrigations, hut \\'itb :3 irrigo,tions the 
most pl'ofitnh)p ra,U' ,,"as only 95 pounds pel' acrt'. At til(' rt'sppctiYe 
most profi tn.hh' I'utes, incJ'('lLsP in yi('ld for 8 irrigations \,'as 47.5 
husll('ls gl'('atl'r (han for 3 irrigations and the :return to nitrogen was 
$53.:37 morp (tablt' :~:3). 

",Vith ('01'11 following Uw v('tell ('0\-('1' (,rop, the1'e was a dilI('r(>llc(' of 
abou t 40 pou nds in thc most proll tn.hh' mte of ni trogt'll applieatioll 
pel' iL('r(' bC't\n'('ll U1(' 2 moistur(' l('\,(']s. At tll(' rpsl)('cLiyc 
most profitable rille's, t11(' iIWI'l'!tSp in yi('ld for 8 irrigations was 30.5 
hush('ls gr('atpl' llHLl1 for :3 inigatiolls lUul thp J'('tlll'Jl to nitrog(,ll was 
$45.08 morl'. Th(' diff('f'('llee ill l'etlll'Il to nill'OgPIl 1'01' 8 i),1'igfi.tions, 
ns eomjliu·c.'d with 3, might b(' consiciplwl fiS the amOtlllt ayu.ilable to 
pay for till' cost of thendditionn.l irrigations. 

• 
Wh(,n ),pt1l1'11 to 11itrogPJl appli('(l in 1948 is based on t11(' totnl yi('ld 

l'('spons(' for hoth 1948 and 1949, with thp v('{eh eon1' (,I'Op it was 
$144.;)(l for 8 ilTiga.tiollS nlld $82.1:3 fol' :3 irrigations. \Yithout the 
eOn'r ('1'01), the l'C'i.U1'Jl was $1 ]8.0Sand $46.78, ),pspt'('liwly (table :3:3). 

'1'11(' l'l'turn of $49.(01)('1' lLt'l'() to 150 pounds of nitrogell was obtain('d 
in experiment 7] with 6 ll'l'ign,tiolls and iL pIa,llt populntion of 12,740 
per acre. 

http:limit.cd
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MOISTURE LEVEL 
Effect on Corn Response 10 Nitrogen, Moses Lake, Wash. • 

BU. PER ACRE 

o Most profitable rate* 	 _ 

200 	 - 8 irdgations _ - ­

- - 3 irrigations ..,.... ---~ 0 


..,....""'" "1948+1949 

160 ~::;...'/.,., 


120 

80k·~~~~~~~~h-~~~-A~~~~ 
o 	 40 80 120 160 200 240 280 

LB. N APPLIED PER ACRE 
VETCH COVER CROP ·H AT rs, PER l8., CORN AT 11.40 PER BUSHEL 

~JII.P.R. ,,06 LB. O.... P.rc:. "U LB. 

NEG. S5 (S}-986 AGRICULTURAL RESEARCH SERVICEU. S. DEPARTMENT OF AGRICULTURE 

FIGURE D.-Effect of lWO moisture levds on yield response curves and .calculated 
most })rofila1>le rale uf .nitr()gcn applicatiun on irrigated corn aftcr a ,"etch ('ovcr 
crop, Or 1948 and the total for 19'1.8 and 19'1.9. experimcnts 27 and 28, ~loses Lakf', 
Wash. •
E»..l)(;'rinu'nls 7 and 10 wr)"r condurt('cl in Sllc(:('ssiv(' yefiTs on the 

same ffirm, hu t on diifPl'Pll l plots. In l'xpel'imcllt ] 0 the returll to 
nitrogrn 01' $88.00 pel' aere ut 150 pounds of nitl'ogl'n was obtuined 
with 8 irrigations and a plttnt population of ] 8,170 per acre (fig. 12). 

Yield at zrro upplication of nitrogen was l1pproximutr]y the SfiIne 
for Clteb of these ('xperimpnts. As ncur}y as cun be detrrmined, a 
difl·c1"r.Jl(:e 01' 2 il'l'igutions, possibly some difJerrncrs in timing of the 
irrigations, plus a JC'\y pounds of seed muy have made a dil1'erence 
of nearly $40.00 P(,l' fi,cr(' in tbe return to lutrog('n. Obser\'{1tions 
by technicians in ehal'ge of tllesp pxperimellts inclieut.e thut 1951 and 
] 952 w('re eompl).rabJ(\ so In,r as eorn was eoncern('(L ThC'se results 
are not coneJusive eviclenee as to t11(' effect ofadditiolln,l irrigations 
and some exira seed. They do sugg<,st that th('st' two Juet.ors ttre 
important us they aJfeet the l'etul'll to nitrogPll. 

At a rate of 172 pounds per acre the retuJ'Jl to lDJl'ogen was $64.01 
in e).:perimellt2, $47.00 jn exp(,J'iment 7, a.ncl $88.90 ill e»..l)eriment ]0 
(tuble .34). At this rate, an ovprn.pplica,tioll of n.bout .57 pounds of 
nitrogen per acr(' was made in exppriments 2 and 7, und the return to 
nitrogen was reduce,d approximately $:3.50. This loss is small com­
pared with the greatpl' inereasp ill returJl tlutt might have been 
realized from a tbicker stn,nd imel bptL('l' ilTigation. In cxpcriment 10 
fl.11 applieation 01' ] ] 5 pounds of nitl'ogPll, instead of 172 pounds, the 
most profitable rate, forfeited $6.37 in return to nitrogen. • 
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• MOISTURE AND PLANT POPULATION 
Effect on Corn Response to Nitrogen, Ontario, Oregon 

BU. PER ACRE-------------------------------------, 
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• 
FIGURE 12.-Effect of two moisture le\'els and plant populations on yield response 

curves, reported yields, and yield .at the most profitahle rate of nitrogen application 
for experiments on the same field jn .2 different years, irrigated corn-nitrogen rate 
experiments 7 and 10, Ontario,Oreg., ]951 and 1952. 

TABLE 34.-Return to nitrogen at two rates on the lvloellel'jield, Ontario, 
Oreg., 1950-52 

Return to nitrogen 
Plant 110Pula. 1 . .Experiment Year I tion pcr aCre 1 IIrrigatIOns 

115 pounds ap· ! li2 pounds up· Difference'plied per acre' plied per acre 

,Vumber NU11lber Dollars Dollars Dollars24 ________ 1950 15,280 5 67.55 64.01 -3.54 
7 4_---- ___ 1951 12,740 U 50. 64 47.00 -3.6410 ________ 1952 18, 170 8 82.53 88. 90 +6..37 

1 Idahybrid 544. 

2 Most profitable rate for experimeut 2 was 117 pouud::; of nitrogen per acre. 


For experiment 7 it was 114 pounds, and for experiment 10, 115 pouuds. 
3 Between return to nitrogen at Ll5 pound:; and at 172 pounds per acre. 
4 No P 20s applied. 

SPACING 

• 
Additional .nitrogen will support a higher plant population. The 

optimum number of plauts, consistent with limitations of existing 
machinery, is importa.nt as jt affects the return to nitrogen. In ex­
periment 52, at Scottsbluff, Nebr., the fertility leyel was high and 
there was little rt'sponse to nitrogen beyond the 40-pouncL l'Ilte, as 
shown ill table 11. Curves were not fitted as a basis for comparing 
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returns to nitrogen for moisture and spacing variables because of this 
small response to nitrogen. Rhoades aIHI others (14) reported a 12­
bushel difference in yield between the :36-hwh spacing and the 28- and 
20-inch spacings. The plant population per acre for these rates was 
14,520, 18,669, and 26,136, respectively. The percentage of broken 
stalks was approximately 10 percellt for the 28-inch spacing and 25 
percent or more for the 20-inch spacing. The percentage of broken 
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 
on narrow rows. 

In experiment 26 at Prosser, Wash., within the range of rates of 
nitrogen applied-O 1,0240 pounds-the :yidd curves for treatments 
-.M281, ]1.1.282 , ]1.1.38 1 and ~M382 appeared to vary liWe. Themostprofitable 
rate of application was 4:33, 369, 408, and 450 pounds of nitrogen per 
acre, respectively_ '1'he most profitable rate for ]1.1.18 1 was 290 pounds 
(table 20). For ..111.)82 it was 645 pounds_ These most profitable rates 
are much higher than those for any other e}.:-pcriment 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 82 

spacing (14,500 plants per acre) extrapolation of the yield curve re­
sulted in a negative yield at zero application. Consequently, the re­
turn to nitrogen has not been calculated. The most profitable rate of 
nitrogen application per acre is approximately 200 pounds for M 1-15 
irrigations-and A1.3-13 irriga,tions. The A1.2-11 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 81 spacing (32,700 plants per acre) 
are greater than for the 8 2 spacing (14,500 plants per acre) by 30 
pounds for the A1.1 treatment and by 18 pounds for the ]1.1.2 treatment. 
The difference between the most profitable rates for the 2 spacings for 
the A1.3 treatment is 9 pounds. None of these rates differ enough be­
tween spacings at a given moisture level to affect return to nitrogen 
to any great ('xtent. Effect of change in rate on the return to nitrogen 
is illustrated by the results in e}.1)eriments 10, 32, and 51 (tables 21 
to 23, col. 9). 

In e::\:-periment 9 at Ontario, Oreg., corn was planted at 4 row-spac­
ings, w:ith 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 2:3,2:30, 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 rates of nitrogen application per 
acre were 110 pounds for the 36-inch spacing and 116 pounds for the 
38-illch spacing (table 20). The most profitable rate for the :30-inch 
spacing was 418 pounds of nitrogen per acre. This Tate is not consist­
ent with any other rate ascertained for the Ontario area. 1'.1uch 
higher rates than the ma::\:imum of 150 pounds applied in the e}.-peri­
ments ate 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 reasonable 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 fm'm is important in choosing 
the material to uso. In e:q)oriment 31 at Moses Lake, Wash., the 
results show that no approciable 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 at what point the yield curve for each carrier tends to level 
off (table 10). The ealculated most profitable rate of application is 
175 pounds per a1ro 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 
calcium nitrate WiiS $67.16; urea, $83.28; ammonium nitrate, $88.84; 
ammonium sulfate, $93.57; and. anhydrous ammonia, $124.85. These 
results are for 1 year only. They are based on an insufficient range in 
rates applied, and they do not include benefits from the residual 
nitrogen. 

TIME AND f>LACEMEN'T OF NITUOGEN APPLICATION 

Nitrogen applied at different stages of plant growth and in different 
positions in relation to the plant may affect the yield response. In 
eJ..-periment 29, at:NIoses Lake, Wash., ammonium nitrate was applied 
at 6 rates, wllich ranged from 0 to 240 pounds of nitrogen per acre, and 
by 3 dHlcrcnt methods at each rate: (1) Before seeding, the fertilizer 
was broadcast and harrowed into the soil; (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 inches high, the fertilizer was sidedressed 4 
inches to the side ane14 inches deep. 

Soil fertility varied greatly among the replications. Yields of the 
check plots ranged from.17.2 to 110.8 bushels pel' acre. The infiltration 
rate of llTigation water wus slow and precipitation in the growing 
season was slight. No yield response relationship to nitrogen was 
obtained from the broadcast application beyond the 40-pound appli­
cation (table 8). Analysis of the yield data showed no difference 
between the avemge yield obtained by sideplacing at planting time 
and that obtaLlled by sidedressing when the corn was 12 inches high, 
because of the lnrge variations in yields within each method of treat­
ment. The most profitable rate of nitrogen application computed 
from the yield response curves is 170 pounds for the sideplaced method 
and ]48 pounds for the sidedressed method (table 19). 

For the sicledressecl method the yield at zero application of nitrogen 
was 51 bushels and the increase in yield at the most profitable rate 
was 76 bushels. The return to nitl"Ogen amouuted to $84.80. This is 
approximately twice the return to nitrogen obtained with the side­
placed method, for which the yield at zero application estimated on 
the yield CUl"ye was 89 bushels, the lllCrease in yield only 49 bushels, 
and the retmn to nitrogen $43. rrhe difference in the check yields 
of the different methods of application is due to the design of the ex­
periment. This was a split-plot experiment in which the three methods 
of application were the main plots uud the rates of nitrogen application 
were the subplots. A zero rate of npplicntion was included in each 
subplot. With this design, the yields from the different zero rates are 
comparable only with the other yields of that parth:ular method of 
applicatiOll. 



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

In Nebraska, at the Scotts Bluff station, experiments 54 through 57 
included time of application as a variable. NitI'ogen was plowed 
under before the corn was planted, sicleclressed at the time corn was 
plantnd, sicledrt'ssed when the corn was 6 to 12 inches high, and 
sidedressecl wht'n the coell was 30 to 36 inches high. Apparently thew 
is Ii ttle difJ'erence in the yield l't'sponse paUern for these Limes of 
application. 

YIELD itESPONSE TO RESIDUAL NITROGEN 

Corn may not use all of the applied niteogen in the first season. 
If the residual nitrogen is not lost tbeough leaehing it may be utilized 
by the CI'Op that 1'ollows. Theref'oI't', the pr(lduct from residual 
nitrogt'n should be induded in clett'emining tht' quantity of nitrogen 
to be applied. At ~lfoses Lake, Wash., in 1948, experiment 27 was 
conducted on viegin Ephrata fine sandy loam soil. There were 2 
moisture levels, one of 3 irrigations, and one of 8. Each moisture 
treatment was applied to plots in whicb wintt'!' vetch had been grown 
and plowed undt'r just before tItt' corn was planted and to plots without 
a veteh COWl' crop (appendix tahle 41, tables 7 and 35, and fig. 11). 
In the following year, plots in this cxpeeiment were adequatdy irri ­
gated throughout the growing season, but no fertilizer was applied. 
Yields fo1' the residual yeal' are ShO\\l.l in table 7. At the Jll,·:;t profitable 
ratc of nitrogen n,pplietLLion for 1948 on. til(' no-vetch plots, t.bE' residunl 
response J01' the 3-iI'rigation tl'en.tment 0)12Va in 1949 was 5 bushels 
and for the 8-irI'iga,tion trea,tm('nt (l11t VI ) it was 18 bushels (table 35). 
The valuc oJ tbis residual y-ield, which is the diffel'ence b('tween the 
retul'l1 to nitrogen fOl' 1948 and 1949 and the reLUI'll for 1948 alone, is 
$6.99 and $24.92, r('spcetivc1y. 

TABLE 35.-Effect oj'resichwl nitrogen. on yield response ancl return to 
nitrogen at the most profitable rates, high and low moisture, with 
and without cover cro]) , yew' oj applications jollowed by '/J,mjorm, 
adeQuate irrigation 1'esidualyea7', e:rperiments 27 and 28, jJ10ses Lake, 
lVash., 1948 and 191,.9 . 

Increase in yit:'ld I Return to nitrogen 
Treatment. I 

i
'l'olal UHS 1019 'I'otnl 1948 1040I I !, 

Bushels Bushels Bu~hels I Iioll"rs Dol/ars Dol/ars
1\11 ___ • ____ - ­

2

V
y ll __________ 103. 9 86. I 17. S ' 118.08 93. 16 24.92M 43. G 38.6 5.0 46. 78 39.79 G.99

:Afl V __________ 
2 122. 5 6G. ,) 5G.0 ltl4. 36 65. 96 78. 40 

l1f2 V __ ________
2 73.8 30. 0 43. 8 82.13 20. 88 61. 25 

I 1948 crop: l1fl =8 irrigations; 11f2=3 irrigations; Vl=no vetch; V2=following 
winter vetch crop, Adequate irrigation was applied uniformly to all plots in 1949. 

On plots with a vetch cover crop, residual response was 56 bushels 
for 8 irrigations (i'~ftV2) and 44 bushels for 3 irrigations (M"2V2), The 
value of the residual l'esponse was $78.40 and $61.25, respectively 
(table 35), 

The residuall'esponse on the high-moisture llonyctch plots (.LVII Vt) 

nearly paid for the 183 pOUPds 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 (lll,V2 ) was almost::; times the cost of the lSI pounds of 
nitrogen applied. Qn the low-moisture vetch plots (lll~V2), the value 
of the residual response was 3 times the cost of the 141 pouuds of 
nitrogen applied. 

At a uniform application of ISO pounds of nitrogen to each moisture 
and vetch treatment, the residual response OH the nOl1vetrh plots paid 
the entire cost of the applicatiull of nitrogen (table 36). o'n the velch 
plots, tiw resicluM response was valuecl at about 2~ times the cost of 
the ISO-pound application of .nitrogen. 

TABLE 36.-Re8idual1·e8ponSf oj irrigated corn to 180 pounds oj nitro­
gen at 2 moist1Lre levels, 'with CLnd withotll vetch cover crop, e;cperiment 
28, j\108e8 Lake, Wash., 1949 . 

-----~-.~ 

netllT/l pcr ncrc to nitrogen 
'l'rentlllent 

\D~S 10·15 nlld 1o~u HcsidunlI 
i Dollar" Dolli/rs \ Dol/ars

J1[lyl_ •• ______________________ ~ __ .: !J3.1O 118.25 I 25.15.iVf V _____________________________ ; 32.46 62. '15 , 29.992 1 

Irrigation diffcrencc_____________ 60.64. ---,,--6.80 !--­
===-=.M, V _ __________________________ 65.90 139.03 Ii 

2 73, 13
ilI2V2_ .. ___ . _________________ .____ _ 20.00 96, '11 76.4] 

Irrigation diffcrence ____ .- _______ . ---4-5,-9-0­ ---5-2-.-62-'----­
1 

At the Scotts Bluff, Nebr., stn,lion, in experiments 54 to 57, in­
ciusiye, 40, SO, n,nd J20 pounds of nitl'ogl'n were applied per acre, as 
arUlllonlum nitrate (tables 13-16, apPl'ndix lahll' 42). In each ex­
periment, the series of uiLl'ogen rates "°('I"e appli~d at 4 difl'erent times. 
These were plowed under when the seedbed WiLS prepared, sidedressed 
at planting time, and sideclressed whell Lhe (!01'11 was 6 to 12 inches 
.high, and when the corn was 30 to 86 inches higb. The response to 
residual nitrogen fertilizer was measured in each experiment. The 
results arc sumn~atized in table :37. The mfl.--.:irnulll rate of 120 pounds 
of nitrogen applied in each of these experiments was not l1igb enough 
to charact{'t'ize adequately the yield (:urvc so that it would indicate 
where yields tend to level ofL "\'\1ith corn ut ilil.40 a bushel and nitro­
gen t\,t 15 ('Nits a pound, in most insLanees, the cakulu.Led most profit­
able mte is more tban 120 pounds. rrhcrefore, it would be. found in 
the extrapoln,tcd portion of the yield. c.urve. Howeycr, the results 
illustrate the importance of evalua,ting the total response when the 
effect of nitrogcn fertilizer is interpreted. 

Yields in 1951 were scriollsly afrected by adverse wcathcr. A.p­
parently growth was so retarded Lhat very substantial residual 
responses wore observed in ] 952 (tu.b1es 14, 15, and fig. 13). A flood 
and two frosts werc e~l)eri('nced in June 1951, two small hailstorms 
in summer, and the. retarded co.l'11 was killed by frost before maturity. 
These conditions aO'ectcd C'.:q)criments 54 to 56. 

In e~l)erilllent 54 therc was little residual responSe ill 1951, following 
the good crop in 1950 (tables 13, 37, and fig. 13). III 1952, ill e~"peri-
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TABLE 37.-Yield oj irrigated com JJe1" acre in response to 'residual nitro· 
gen jertilizer, Scottsbluff, Nebr., 1951, 1952, and 1953 

Yield response to reslduul nitrogen by time of 
nitrogen application 1 

Yeur of 
EXJlerilfl~nt rosielu,,1 WIWll earn 11'11$­

rcspoJlsll Befon' At planting
plowing tiuw Ii (c' 	12 inch(>;; 3(; to an inch(s 

high high 

BllslieLj BU3/Iell! BI~,hC/., Bu.,heL, 
5;L. .. .. 1!l51 8. 5 l.\.3 8.(\ 11. 7 ~--.,.,. ~ ~-.--

55 .. __ ........~ -- ]\)52 30. 3 2!U) 2!).!) 33.656 _________________ - ! 
JU52 ·10. J 3'i.4 44. !l 33.4

57. ___ .•. 1!)53 5. 7 22.1 25.5 55.2 

t 120 pounds of nitrogen pel' acre applied precediug ycar. 

ment 55, howeY(~t·, response Lo niLrogen was large following Lhe poor 
com year of 1951, in which yields w('re low and there was 110 response 
Lo nitrogen (table 14). In cxperinwnl 56, the response to nitrogen 
was substantial in 1951, and the rl'sponse Lo residual nitrogen was 
eyen gr'Nl,ter in 1952 (tables ) 5 and :37). In experiment 57, at ) 20 
pounds of nit.rogen, the response Lo nitrogen was more than 60 bushels 
n,nd the resid.ual response was about 25 buslwls (tables 10, 37, and 
fig. I:U. 

CORN RESPONSE to RESIDUALNITROGEN. 
Scottsbluff, Nebraska 

BU. PER ACRE 
I I 

- - First year - Residual 

Expt.55, 1952 120, .,.'"
,,"j, 

, bpt. 54, 1950 80, 
r--~ -.- ---,­

/'Expt. 55, 1951 40 

Expt. 54,1951/ 	 Expt. 57, 1953 

0 
0 40 80 120 0 40 80 120 

LB. N APPLIED PER ACRE, FIRST YEAR 

U. s. DEPARTMENT OF ,AGRICULTURE 	 NEG. 55 0) .. 918 "GRICULTURAL RESEARCH SERVICE 

FI.GURE l3.-:Reported yield ~esr.0nsc.of irrigated corn~o nitro~en fertilizer si~cdressed • 
wben corn was 6to 12 mc ws III?h, and thc [(!sldulIl Yldd tbe followmgyear. 
experimcnts 5'~ to 57, Scottsbluff, Ncbr., 1950-52. 

http:esr.0nsc.of
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Residual nitrogen from ol'iginul 120-pound applications of nitrogen 

produced the incrcases in yicld summarizE'd in tablc 37, Although 
1951 wn.s a pOOl' corn :real', the l'esidual J'l'sponsE' in ('~l)erimcnt 54 
would pay for approximatel:), 80 pounds of nitrogen, llesidual 
response in l'}.l)('rimenLs 55 und 56 following a poor COL'll year wus 
sufficient to pay for the 1'20-pound UI~pli('ation und to leave a ]'C'LlII'tl 
of more than $25 1)('1' aCl'e, J11 ('xpel'IIn('1l t 57 I tll(' I'('sidual response 
was much gn,'ut('L' than tIl(' CORt of lit(' f('I'liliz('1' for aU applien.tions 
except "plow('c! 1.Il1dl'I'." Tll(' most pl'ofLtuhll' I'atps of nitrogE'n applipcl 
ill suceessin' Yl'arR may c\Pj)('nd to n. ('onsickrtl,bk pxL('n L Oll the 
residual nilrog('o from pn,\·jo1.ls applicutiolls. 

011lER RES]"ONS]~ HENEJ"lTSFHO;\1 N.lTnOGJ~N 
Al'PLlCAT.ION 

Au adeli t iOlln] b('ndH whieh I'('sul ts from nppl.\'ing Ili ll'og<'n fpl'liJiz(,I' 
is the inel'l'usP in lht, ('I'uclt' pl'oll'in conI ('Ilt of 111(' ('orn thal is obln,11wd 
from in('I'NtsC'S in the' l'ut.(' of llitl'Ogl'll npplil'd «(.a.blps :~8 and :39). 
Crude proll'in ii' ('XPI'('SSl'l\ llS lill' qUlll\tity of nilrog(\l\ in lh(' com 
timps Oil' constnnt G.25 (0,25 X 1\). Ji'OI' pUJ'posps of disrussion, nlld 
in tllt' abSelH'l' of a ckflnill' ynhH' oblallW(\ in fl'l'dinp: trirtis, tile YUhH' 
of iucrc'us('d proll'ill in lhe grain is assull1ed to 1)(' $0,075 a pound. 

TABLE :38,-lWT('c( (d nill'oflf'1/ fNtili:::fl' on crude proteill content (6.25 X 
J\') of i/'tiunfed ('Of'll fjmin, Ontario) Oreg. 

• 
The most pl'ofilabll' ral£' for the PXl)('riml'nts in Lable :38 is appl'OX­

iml1tely 100 pounds of ll.itrogPll Pl'l' acre, This cosls $15,00, At 
this rate, tIl(' inc'n'nse ill cl'ude proL('in :is roughly 200 pounds pel' a('.1'P 
for eX))('rilllellls 4,7, and la, This inel'PUSl' is \'alued n,t $15, which 
js suHieient to pay tho enlil'E' eost of ttl<' nitrogen. The incren.se in 
protein for each 01' the OL}H'I' 4: (1XIH'l'iments is roughly 300 pounds pel' 
ficro, valued at $7.50 above UIC eost of nitrogen. 

http:incren.se
http:pn,\�jo1.ls
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TABL];:; 39·-E.ffectojnitl'ogenje1'tilizel' on cl'udepl'oteincontent (6.25 XN) 
of irrigated corn gl'([.in, Scottsbluff and Iiardy, Nebr., and Ontario,. ' 
Oreg. 

I Yh'hl or crmlt. prot!'in, hl' nilrOg"n npplied per ncro 

'-o~---4°--~'I--s-o-----l~---i--l-OO-~i-21-0~1--3-~-­
i p()und~ pOl1l1dl' 1'0111111$ pOl1l1d:{, pOlluds pounds pOunds 
---.- ---,---'----i--,--- --.- ­

, J~er~e~t IJr<;j!!;' I J~erce~1 j PeTce~t I Per~1I1 : Perct!!l , P,,{ce'2!
] 0 - - - - - - - - - __ - - - _ _ _ _ _ _ _ _ (,. ,L (. ~ ( I(. 8<> , 8. '1:> 8. (<l , 9. 11 ,J. :>8 
51 2__ _ _ _ _ _ _ _ _ _ _ _ " _ _ _ _ _ _ 8. 02 ! S. 31 S. 88 110. :3S 110. 02 q 1. 12 ; 10. SS 

54 (l \l50): 3 I ! , 


Plowed uuder _. ___ . 7.00 S.OO g.OO ·10.]!) ______1________ • __ _ 

Pllllltinf,!; time .. ___ .' 7.00 : 7.88 i !).OO ! (1. 7ii 1__ .... ______ :- ___ _ 

Corn 0- J21l __ " ________ j 7. 00 ' 7. !).J, , n. 12 , [Ull ! _ _ _ _ _ _ _ " " ______ _ 


coru30-aG"_" _________17.OO, 8.:18, 8. 1M ~ H.3R i~ ____,__ ~.::.::..::....: 

i POIO"[S ' POllnrls ; Polt1Hl~ j POllnd.~ !POllnds f POILlltl.. POlLnds10 ' _______________________ ,250. a iaOS.O ;:i20. 3 1005.8 F18. 5 1748.7 770.4 

512----- _____ "____________1 1l2,2 ;273. o 421l. '11555. 0IGO!). 0 107!).!) (i37. g

5·[ tUlSO): ;I \! 1 i 


Plowed lIuder________ J150. 0 !274. <] ;425.0 550. () ------------i------

Plllnting time_ -- ______!J50. () (282.5 .,/'.IIl. '1 ,5:30. (j ______ '___ • __ ,_____ _ 
Corn G-12Jl, "-- _______1150. 0 ':n5.0 :'lii4.4 1528.8/-___________ :- ____ _ 
COJ'll aO-aG" .. _________ jHiO, G i335. G i4z.J. 4,,510. 0 ------:------1-----­

, Ontnrio, Oreg. 
2 Hllrd y. 1\ehr. 
3 Scottsbluff, Xebr. 

In t'xpt'rimt'nl 54, 12() pounds of applied nilrogt'n incrcased thc • 
PI'O[('il1 yi('ld hy :~60 to 400 pounds I)('r a('['(1 (tablt, :39). '1'ht' niL!'ogt'n 
cost $18 nnd the Ylliup of tlu' in('J'('as('d prolt'in rangl'd from $27 
to $aO pP)" fiCl'(" TJwin('J'pas{'(1 protl'in was worth more thao tht' 
cost of 1',0 pounch., of nitrog('n in ('xl)('rillll'llts ] 0 nncL 51 (tablc 39). 

}'or tIl(' l'XPPriIlH'llts ill tables :,8 nlld ;>'9, at least, I;he value of Lhc 
iU('l'cns('cl yipld of prott'in n,t lhc' most profiLn,blp. rate' of nitrogen 
n.pplielJ.tioJl, bns('d on gnl,in ruOll(' , .is morc than ('[lough to pay for 
the nitl'ogC'I1. Th(' vnlllt' of ill(' increased :yield of C01'll, including 
l'Psidual J't'sponse to 1)i iJ'ogt'u, is tl1('n net J'otUI'Il. 

The yi('ld and qunlity of stOYCI' wns net measurcd for a.ny c:-.:pc!'i­
mt'l1 t Lnrluci('d in this Stud~T_ Howevcr, c).lJel'imell ts from other a.rcas 
suggest Lha.t subsLan(inJ incl'ensQs in the yield and quality of stover 
mn,y b(' oblnillt'd with n.ppLieations 01 nitrogen. In Nor·tlt Camlina, 
nn application of ] GO poullds of nitrogcn incrensed yields of stOYC1' 
by 1,700 pounds (8). In Jllinois, 125 pounds of npplicd nitrogen 
ille]'casecl tIl(' yic'lcls of stOYt'!' 840 pounds Pt'.I' acre, (he percentage of 
erueJ(. protein :: points, and the yi('ld of erudc' protei!l nCllJ']Y 200 
pounds, At the SHJllt' lime lllt' yit'lds of grnin incl'eas('cl 17 bushels 
per acn', and (1\(' (TUelt' prol('in in thc' gl'ain in(,1'('a5ec\ 290 pounds.iO 

Th(' incl'ca8e ill yipld and qunlit~· of stOY(II' approximately paid the 
cost of til(' f('I·tiliz(')· n.ppli('(1. Bt'ndits Il'om stover are espedally 
impoJ'tltnt in an n.l'(ll1, in which 5[0\'('1' is hal'Yl'st(,c\ fol' forage 01' cut 
f~r silngC'. VV.h('ll sl~)Y('l' is ],l'i'l1lJ'Il(,c\ ciireeUy LOL ~he.soi1, t1~c inCJ'cas(:d '.' 
YIelds I\."e vnIl.In,ble lJl con Lrol iug crosion aile J[1. lllCreuslllg ol'gamc 
matter in Lhe soil (16). 

10 Bray, R. II" Department of Agronomy, University of Illinois, personal 
commuuiclltion. 

http:pounds.iO
http:gl'([.in
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RESEARCH PJlOBLE~'IS 

E).-perimenLs ueed Lo be J'0PNL[('d throughout it lwriod of years on 
the same land aud at di£f('rl'nt 10('iLlions ill the Stlill<' vcar, so t.haL a 
yield paLte'ru may he' ohluin('d for use jn making j"('cOmln('udalions for 
wider areas. Test couditions iLud soil tests 11ee'([ to be idcntified in 
sufficient detail so that each farnl('l' can relate his situation to partic­
ula:r e).l)erim('uts. Exp('riments eonducted in difl'<,r<,ut years will 
l)Eovide a measure' of the c1l"ect of nll'ying w('ittlH'r on the most profit­
able' rate' of application of nitrogen and the l"e'lat<,d J'plurn to nitrog('Jl. 

In making the' e('onomic iLlla]yses of these p).-ppriments, seY('rul 
problems arose. :Many ('xpl'l'iments had an illsuifieient number 
of rates of nitrogen f(,l'tiJiz('l" to permit t1l'Ctu'ate duu'uctC'l'ization 
of the yi('ld CUl"'I;'. E,'('n though 4~rn.te e'xperim(,l1ts ha,,'E' been 
auuJyze'd, 5 rates of fertilizer are mort' desinlbie for N;limating 111(' 
constants of a partieulal' response eun'l' if the fUJ1C'tional relationship 
to be used is any OM of the cUl'viliut'al' Ctuwtions. o01('rwis(', the 
number of degrees of freedom is smail and the estimat<'s of Ute' varI­
ability of the ('xperilllental data about the funClion may be large. 

The range of rates should bE' great pDough so that inereases in E'X­
perimental yields are small at tile high .mtes of application, In the 
experiments in whid! the ru.tt'S of tlpplico.lion were at low le,Tels, the 
l'esulting estimated response' CUlTe'. did not approaeh a maxuumu yield 
at reasonable rates of nitJ'ogen. The slope of the CUITe wus C'hanging 
slo'wly and the estimated most profitable rates exc(lecled the highest 
rate applied and appeart'd to be too high compared "i t11 estimates 
from more compLete experiments uncl('l' somewhat similar ('onditions. 
So that the ill('reuse in yirld resulting from the application of fertilizer 
may be evaluated, each experinwnl should include a check plot (zero 
application). III some instanc('s, ,,-hen no cbeek plot was included in 
the e).-perimcnt, the cruC'ulatecl yield aL zero application wus a negative 
uumber, 

The exponential, or any other C'LllTilill('al' function, lllaT not refleet 
the yield responses tbroughout tbE' rang(' of applications. As the yield 
approaches the maximum, th(\ di(fel'('llres beLwee'l1 the yide! respollses 
to different 1'I1tes of f('dilizel" applied ul'e small a.ncl they al'e Dot all 
positive. The function for this s(lgmc'nt of the yield C'un~e might be a 
stmight line wHh 0 slope. There is a pilucity of yield data with ,,-hich 
to study these problems. Immediate and serious consideration is 
needed in plal1ning f('J'tiliz('l' (>xp('ri1l1('11 ts which will produce yield 
data that will more d('finitc·l.r identify the mathematieal form of till' 
yield response function Lo improve e('onomic interpretation of experi­
ments, 

In addition to data on yi(·ld of gl'lLin, infoI'mu,tion on other C'osls and 
benefi ts assoC'iateci wi th application of fertilizer also arc ne('ded. Some 
of the benefits as related to COrll indudc' cl'ude prol('in contc'nt. of grain 
.anel of stoyer, inel'eas('d yield of stO\'el', and the- l'E'sponse to residual 
nitrogen iu the second, iLnd possibly sueeeecling, yeurs. Chrllllcnl 
analysis of Lh(' produC'l is ('ss('n(ial in me-usuring some of th('se benefits 
tllld in mea.sUl'ing lhe iJlcr('asecl usc by the plant of other nutrients that 
may be t1,ssoeiatecl ,,-iih usc of llitrogen fel,tillzer. 

Further study is needed on how to evalun,tc some of these benefits 
In establishing the most profitable raLe of application and computing 
the l'elaled rctmll to nitrogen. Yield diffel'cnCN; between the lllOSt 
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profilablr mtr of nppliell[ioll and n, smalll'l' I'o.[l' of upplieu,lion mo.y 
not br lUl'gl' (·nouglJ [0 b(',I'p('ogniz('c\ h,\' flll'll1Pl's. Thus, [Il('~' mu,y 
apply th(' smull('1' !'!ltp ,lIld Ignol'(' Oil' high('!' m[ps lhlll \\'ould b(' juSli­
!i('d if stJ('h olhel' hpJ\t'fils ns quality of gmiu and forngl' ill'!, considl'I'(,(l. 

H,('S('Il!'ch pl'o(,pduJ'('s sllpplpm!'n[nl to, o!' in liptl of, rU[t' s[utli!'s dp­
sign('d for fitling I'('spons(' ('UITN:; muy olrl'l' all a\tPJ'llfltiyp llwlllOd of 
t'stimnting [Itt' most pro[ilnbl(' U:iP of [pdilih!'!'. Thp dpsil'u\)ilil,\' of 
applying fpl'tiliz('l' ill 11 l'nlp high Pllough [0 ('limiJlo(pit ns n limiting 
fndor should he innslign (pd, psp!'ciully ill Ill'pUS of fn \'ol'tlbk <'limal ic' 
eondiLiol1s whpl'P lhc' stlppl,\' of 111o(;;lul'(' CUll 1)(, ('on[I'OII('(1. Sp('C'inl 
Il.l[Plltiol\ could lh('n b(' ginn [0 nt\wl' flwlol';; whi('h might lillli[ pro­
dUctioJl. Soil l(';;[;;, ChpJlli('ul t('sts of tIll' (ll'()(lu('[, nnd n,ta[('d fadol's 
would \)(' s[udil'd ill nil (,frol't [0 a~w(\I'[!lill lh!' minimulll npplicuti()l1 of 
fel'tiliz('/' lhat would IJ(' JloJllimitiJlg [,0 plall[ growlh. 
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1950. SOIL, WA'l'EIt ANDCJlOI' ~IANAGE~IEN'r INVESTIOATIOSS IN THE 

COLU)rBIA BASrN PHOJECT. \rash. A~r. Expt. Sm. Bul. 520, 75 
I~P., illus. 
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(19) VIETS, F. G., [,lIt.), and Do~ul"Go, C. E. 
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(20) --- NELSON, C. E., and CnAw~'onD, C. L. 
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APPEl\1])IX 

TABLE 40.-Tesi conditions for i7'l'i{fated corn-nitrogen Nlie e:cperi:ments) 
Ontario, Oreg., 1950-52 I 

• Jtmll 	 Experiment 1 Experiment 2 

l 	 I·'Location ..... _. __ ,~ ___ .. _.I ?I'lalheur J~xperi\llcJlt St a- Paul Moeller farm. 
. 	 ! . tioll. ! rear. " 	 __ ' ______ ' _____ ll.950•. ~. _______ ._. ____ ." 1950. 

SoilZ.. ___ .. __ ... _ .... _.. Grct'nicaf silt loam. _.. ___ ' Greenlcaf silt loam. 
Crop history ___ .. __.. _. Grain. 19,1G; alfalfa.: Carrots, 1945; beets, 1946;I 19<17-'19. i barley, 1947; corn, 1948­

49. 
FNt iliz{,f hi;;tory _ .. __ ... _ X0 fertiliz('r 011 alfalfa or X0 fcrtilizer for at least 6 

grain; .12 tOllS of llm­ years. 
)lUn', spring 1950. 

Irrigation______________ 5 	irrigations (July 7,13, 5 irrigations (.luly 5,15, 
28; Aug. 9, 20). 28; Aug. 11, 28). 

Moisture control 3 ____ ._ By technicians•• ________ By the fa'rmer. 
Varicty oC COrll________ _ Iowa 43H1. _____________ Idahybrid 544.

IVfay 7 ________________ • ________ . _______ • ______ _Date planted _________ _ 
Plant spacing___ inellcs__ 1!.5 X36 ______________ \ 1~.4 X 36. 

PlantR per acre_lIumber__ \,),120. _. ____ • __ .- __ _ __ 1",280. 

Yield data_ .... ___ • _ .. __ _ Table 2. ____ .. _ ..... _ . _.. Table 2. 

Replications_ .. _ntunber__ '1. .... • .... • ...... _ ... _ .• _.. _ 4. 

H(·f('rcIlce•• ____ ...... _ .. __ _ (.J) - ... - - - - ... - .. ·-1 (5). , 


s.!!' footllott'S Ilt (,lid of tRhh' • 
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TABLE 40.-Test conditions jor irri{J(Lted corn· -nitrogen 'rate experiments, 
Ontario, Oreg., 1950-52 I-Continued • 

Hem Experiment 3 EXp(!rimenL 4 

.Joseph Hobson Iaml- ___ " Malheur Experiment Sta­
tion.

Year___ . __ • __ ,,' 1950 ___________________ 1951. 

Soil 2.... _ ••• ___ l\·IalhclIr sillloalTl •.• ___ • Greeuleaf silt loam. 

Crop history __ .• Grain, 194.9_____________! Alfalfa, ]946-48; COrll, 

J949; btl.rley, 19::;0. 
Fertilizer history _" _ • _.. . __ ._ . ____________ .. ___ No fertilizC.r on alfalfa; 

.10 tOllS of ll1anure, 19;W; 
40 Ib1'. N, ]950. 

Irrigll{,ioll... " _'"" ." .______________________,5 irrigations (J\lnC 30iJuly 
17, 25; Aug. 3, Ii).

Moislure ron I rol 3. ,,_ " • _ B~' th(' fMlIler .. ______ .. By technicians. 

Varidy of ('orn••..•. __ • _ 1dahylJricI 5·14. _. _• __ . .. . Jdahybrid 544. 

Date planted____ • _.•. _ l\1~~y 22. ____ •. - . - I May.lG. 

Plant Spat'ill!!;.•• indws. " 9.i) x 3G __ ," ._ • I RA x 36. 

Plants per aere.lHli!l\)er. IS, 260 ___ .. _ • , 20,6S0. 

Yield dahL. _____ ._ .. -.. Table 2__ . _ . _ . _ I TILble 2.


4_________ • ; 4. Replica(ionS•• _lllllll\)rr •. ' 

RefereIlC(,. _____ .. '" .• _., (5) _____ ... ' (I)). 


'" ;ll:lI1'-.- ..~ .. r J-:xp~rlm~nt :; 

-L-o-c-a-ti-o-u-.- -'..'" .~'-l HOY:~ \'~l~(~e-,-"-'a-t-('-r-r-a-n-n-J 
('harlC's CIIl'ter farm. 
1951.r;~if~=::_ ~ =: -, t·.~;:fi)l; ~li~~I;'-l~~~I; -(~lot- Grecn\!'af loam. ! ('jasl'ificcl). 

('rop bislory••.•• _.. IAlfalfa, 19·i6-50________ Gmin with alfalfa, 1950i •alfalfa plowed, spring 
1951. 

Fprtilizer history __ .. __ SOllle P20s 011 alfalfa ._. ._._. __ •. ___ . _____ ._._._ 
Irrigat iOIl ___ .... , .. ___ . Irrigatrd at about 12-dny 5 irrigatiOll!; (d uly i, J9, 

illt('I'Yalt; in S\l1l1l1wr. 20; Aup;. I3}.1
Moisture control 3__ .By the farmer___________ Bv the farmer. 

\"ariety of corll._. _•• _•• ldahybrid 5'1<1.______ .• __ rdahvbr.id 544. 

Date planled_._____ • _. rday 8 _. ____ .... '". _ _ iVlai5. 

P.lant spacing__ . .illehes. I
15A x 36 _____ .... _. ____ 8.1 x !36. 

1I,2iO._. ___ • __________ 21,'lQO.PlantH P('f acre.llumber.. 
Yield dat.a _______ ...... t Table 2. __ •. ____ . _. ___ . Table 2.4___________________ . __ 14.Replications___lHlmbe!' _ . I 

Refe.rell~,(,__ ••_____ '''' •. Vi) .. ___ • __ • _ • ~ ••• _ • ___ ! (Ii) . 


• 
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TABLE 40.-Test conditions for irrigated corn-nitrogen rate l!X1Jeliments, 
Ontario, Oreg., 1950-5B I-Conlinued'. 


• 


• 


Item 

J.. 	 i"ocabOIl •.______________ "\ 

Year___ • __ • _. _. _•• __ .,
Soil 1 -' ___ -. __________ • 

Crop history. ___ .• __ ._. 

FertHizer history______ _ 

Irrigatioll___ .... ________ , 

~[o~sture COlltro1 3 ______ , 


\ arIely of COrll._. ____ •• 

Date planted.._____ ._ ' 

Plant spacing._ inchm' .. ' 

Plants per acre_UllInber _ ' 
Yield data___________ _ 

Jl!.'plicatiol~s___ llumber_

Reference __________ • __ . i 

======:..: 

IJocaltOll •. ______________ 

Year.. ____________ _ 

Soil ~ .. __ .. _. ___ . __ .. 

Crop history. _ •• ______ _ 


Fcrlilizl.'r history ___ . __ • 

Irrigation _____________ _ 

1I10istun' ('ontrol 3 ____ ._ 

Vari!.'ty of (·orn. _ .. ___ ._ 
Date plallted .... _._ ..... 
P.lant spacing. _ iltchc~. 

Plants pcr acre_numb(']" 

Yi!.'ld data • 

Paul l\loc-\ll.'r farm. ______ 

195L_________________ • 
Gr(~!.'llleaf silt loam. __ _ _ _ 
Beels, 1946; barlc-y, 194·7; 

corn, J948-50. 
1\0 fcrtiliz!.'r for at l!.'ast 

7 yClll's. I 
6 irrigations (J lily 7, 18, j 

28; Aug. 9,22; S!.'pt. 9). 1 
By the farHl('r,, ___ .. __ •. ; By t!.'chnieillllS. 

Idahyhrid 5'14 ___ . _. __ .. ) Idahybrid 544. 

May IS. ______________ .\ .May 12. 
17.2 x ao........... ___1 lOA x aG. 

12,HO., __ ...• _____ •. ,,\ 10,780. 
Tabll.' 2 _ ___ • _._ _. Table 2. 
4••• __ •• _ ... ___ •.•.,. '1. 
(:1).---.----_.--.. (I)). 

Ex(X'rimcnt S 

Malheur Bxperimcnt Sta­
tioIl.1951. 

Greenleaf silt loam. 
Alfalfa, 1945~49; com, 
1950; barlcy, ]951. 

60 lbs. N, 1951. 

4- irrigations (.July 9, 23; 
Aug. 10, 2a). 

;.====_~,,·.·:."cc,·.::::c~: 

HNII 	 Experiment 9 ,Exp('rinwn\ .10I . 	 1-----------
IVlalheur Hxperimcut Sfa- , Paul Moeller farm. 

{ion. 	 i1952____ :. ____________ . 
j

O\\'yhc<' I:'I1t 10111.11____ • __ ' 
COrll, 1948; oats, 1949; 

('orn, H150; l)lld<,y. 
H15L 

.12 {onsof manl!l"(' and 100 
Ills. X, 1950: flO Ill;:. 
N,1951. 

5 irrigations (.JUJl(· 28: 
.July 11, 23; Aug. 12. 
22).

By lcrhniciaus____ ••••. 
Tdllhyl'rid 5'14__• _____ .•. 
.Ma.y]3 _______ ....... 

9 	x 80; 9 x 36; 9 x 8S; 

9 x '12. 
2a,230: 19,860; 18,3'10; II 

.17,140. . 

1952. 

Grt~clll!.'af I:'ilt loam. 

BN!tl:', 19'10; b(\rle)', 1947; 


rorn, 19;18-51. 

Ahout 20 11>". N, 195J; no 
fNlilizl.'r for at ll.'a."t 7 
yean:; hC'fore. 

8 irrigations (.Ialr 8, 14, 
23, 31; Aug. 6, 11, 28; 
&>pt. a).

By the- farmer. 
Idah \'brid 54..4. 
May'l8. 
9.59 x 80. 

18,]70. 

- -Ii Table 4.Table 3 - • - - - - - _. - - - - ­t 3 .. ___ • ____ . ___ . _______ . 4.Replicat ions. __ Uti rnbef
Hcfer(!nce. __________ ... I (5) _________ . _•• __ .... _I (6). 

-.-,.~.- ..-....-.-•.~.---,-' 
! ---------;...'1 -------- ­
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TA BLB 40.-TI!i:;t conditions for irrigated corn-nilrO[Jr:n mie e.rperiments, 
Ontario, Oreg., 1.950-52 l-ContinuC'd 

Item E;(I~rimellt 11 Experiment 12 • 
Locatioll~__ ~_ . Joe Cloud farm __year_________ . J952___________________ , HCllr.\· :MarUIl farm. 

Soil 2__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
 1952. 

Fcltham .fillc.-salldY loam--ll Re>be>cca silt loam.Crop history _. ______ _ Grain, 1947; alfalfa, J 948~ Sugar beet:;;, 1949; beans, 
49; potatocl', 1950; 1950; barley, 1951. 
('om, 1951. f

Fertilizer histor_\' __._____ _ 300 Ib5. J(}20-0, 1\)50; I ~0 fertilizer for at least 
40 Ibs. Nt 1951. 5 vears.Jrrigation__________ ._ E\"(.'ry'1 or 5 days ill JUIle>, 7 irrigations (June 23;
.July, and August. july 6, 14, 19;5 Aug. 4, 

20, 27). 
Moisiure> coutrol 3_ _ ___ By tl\(' farmpr. _________ _ Bv the farmer.Variety of COrlL.. __ .... Idahybric1 544 ________ _ "~estcrn hybrid 101.Date planted__________ . May L _______ ~ ______ _ 

May 5.Plant spacing__ .iMh(·s_ 16.16 x 40 ____________ _ 10.62 x 38.Plant.s per Il.cre_nuJllb(·r.. 9,700 __ " _____________ _ J5,540.Yield data________ ... Table 2______________ _ 
Table 2.RepJicatiollS___l1umber _ 4 ____________________ _ 4.Reference_________ - - __ ., (ii) __________________ _ 
(.?). 

! 
=;==:7:c~c--c,.. _.___._"=.';:=.:;:~=-_;::.=:::___=,_~_.:.:...- .====== 

Locat ion. _•• _.. ___ • _...... _.. ___ • ____ • __ . _,Year. ____________ • __________________ _ D. L. Benedict farm. 
]952.Soil 2 .. ____ .. _ _ _ _ _ _ _ _ _ .• __________ • ___ _ 
OWyhee silt loam.Crop history____ .• _ ' ___ .• _. __ ._. ___ _ ('Io'\"er, ]94.4, ]946,1948, HJ50; bar-

Icy, 1945, ]\)47, 11)40, 1951.
Fertilizer history.. _ X0 fertilize>r ill re(~eJlt ypar,s.o. _________ • _____ .. __ • 

Irrigation •. ____ ._ ... _ • __ _____ ._ Evcr\-12 daw;in sUlIllller . 0"_ ••• •
.Moisture control 3._ ............. _____ •. Bv nip farlJl~r. 

Variety of corn ...•• - -.' - -. _. _. _.... ____ .. f Idahybrid 5'14. 
Dateplanted. ___ ........ __ . __ .. ' Aprii29. 
Plant spacing. . .. .... __ .ill{'\I(·';. H.26 x 40. 
Plants per acr(' ___ .... _..... "-_ .. llulIJber __ , J1,000. 
Yield data __ - •• _. _______ . ________ Table 2.yo. _ __ 

Replieatiolls ________ .. _.,,_._ ..J)umber __ : 4. 
11ef('renec. -_ •• _.. ___________ • __________ (I)). 

1 Fertilizer applied u fpw duys uftN planting ill bands approximately 4 inches 
from one side of row (lnd 3 to 5 inches deep. Kitrogell applied as ammonium 
sulfate. 

2 Series l1ames are tentative. 
3 Precipitation, usually IlOt more than 2 to 3 .inches in the growing season, is not 

Ull important ftictor because aclequlltc irrigation water is a ytlilable on demtlnd. 
In experiments], 4, 8, und 9, corn was irrigu.ted tlel~orcling to usual practice at the 
stationj in other experiments, corn WilS irrigated according to usulll practice of 
the .farmer. 

~ Should h,avc had 1 more irrigation about August 25. 
5 Water not a\"nila!Jle for J irrigation. 

• 
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TABLE 41.-Test conditions jor irrigated corn-nitrogen Tate experiments, 
• 

• 


• 


Item 

Location______________ _ 
1'ear____________ • ___ _ 

~Soil. _• __ ____________ _ 
Crop history __________ _ 

Fertilization history___ __ 

Fertilization __________ _ 

Irrigation_____________ _ 

Variety of corn________ 
Date planted________ . __ 
Plant spacing_ ..inches. _ 

Item 

Location_____ ... _. ____ .. _ 

Year ... _.. __ .. _.. _...... _. __ 

Soil. _". _ _ _ ........ __ _ 

Crop history_ .. __ .... ~ __ _ 


J~ertilization history___ ._
F.ertiIization ______ .. ___ _ 

Irrigation______ ~ _______ 

Variety of corn__ .. _.. ___ . 

Date planted_____ .... _.. 


central n'ashington area 1 

Experiment. 26 

Prosser 2_________ ' _____ _ 
1947__________________ .J 
Ritzville fine sandy loam__: 
Virgin soil. _• _ _ _ _ _ __ _ _ . 

Virgin soil. __ • _____ .. _ 

Ammonium nitrate-sill ­
gle application, 5 rates; 
split application, 4. 
ratcs. 

MI-ll irrigations; irri ­
gated when 8AlT 
rcached 300 CIllo at 9 
inches. 

M 2-5 irrigations; irri ­
gated when 8MT 
reached 4 atmosphercs 
at 9 inches. 

AI:r-8 irrigations; same 
as llf2 until silking, then 
saIlle as A[I. \Yater not 
measured. 

Iowa 939_______________ 
nlay 12.. . ......... 

Plants per acre.number________ ~. __________ ___ 
Yielddata__ .. ____ Table5 ____ .___ ,, ______ 
RepJications__ .number. 4. ___________________ 
Reference____ -- -- -- ___ I (15) ---- - .. - - - - - - - - ---

Plant spacing___ incbes_, , _______ .... _______ .. _. __ .. 
Plant..,peracre_number__ l_· _____ •• .. _________ _ 
Yield data______ .. ___ .. ,' Table 7__________ . ____ ~ 

RepJications___number... --... . .. .. _...... _ _ _.... __
Reference_____ .. _.. ___ ..... __ (J 5) _________ ......... _ . ____ . 


See footuotcs at I!UU of taule. 

8 1-12 x 36; 8 2-8 x 24_ _ _ _ 
• 

Experiment 28 

Moses Lake 3 ___ .. ______ _1949 __________________ _ 

Bp11rata fine sandyJoam. _ 
This experiment followed 

experiment 27. 
See experiment 27 ______ . 
No fertilizer in 1949; resi­

dual response only. 

7 irrigations; adequate 
lllOisture. 

10\\"a 939 _,. ___ .. _ _ _ _ _ _ _ _ 
." ~ ... ... 

Experiment 2i 

r.foses J"ake.3 

1948. 
Ephrata fine sandy loam. 
Virgin soil. Vetch plots 

seeded, fall 1947. 
Vetch plots, 50 lbs. sulfur 

and 50 lbs. P20 5 before 
seeding. 

Ammonium nitrate-6 
rates sideplaced at 
emergence. 

M I-8 irrigations (July 1, 
17, 27; Aug. 6, 12, 13; 
Sept. 2, 16). Maintain 
8A{T below 800 em. 
Net intake-vetch and 
no vetch plots, 24inches. 

M 2-3 irrigations (July 12, 
Aug. 8, Sept. 3). Irri ­
gated when resistance= 
10,000 ohms. Net in­
take-vetch plots, j 1 
inches; no vetch plots, 
12 inches. 

Iowa 939. 

12 x 34. 
15,374. 
Table 7. 
4.. 
(15). 

:Experiment 29 

Moses Lake.3 


1949. 

BpJlrata fine sandy loam. 

Virgin soil (extensive lev­

eling). 
Virgin soil. 
Ammonium nitrate-6 

rates, 3 timing combina­
tions. 

9 irrigations (May 2; June 
16, 29; July 8, 13, 20; 
Aug. 2, 11, 23).6 Not 
measured. 

Iowa 939. 
May 11. 
]2 x 32. 
16,335. 
Table 8. 
5 . 
(6) . 
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______It_em______ ,I_____E_,._'p_e_ri_ln_w_t_w_____! E_X_p_e_ri_m_en_t_3_1____ 

Location _______________ :Moses I"ake 3___________ J\loses Lake.3 

Year--------- ___ _____ _ 195L__________________ i1 1952. 

SoiL __________________ Ephrata fine sandy loam_Ii Ephrata fine sandy loam. 

Crop history___________ ~Ifalfa,.~~48-.50---::----- Virgin soil. 

Fertilization history____ _ No fertllJzer, 1948-00 ____ I Virgin soil. 

FertilizatioIl ___________ Ammonium nitrate--(j 1 Ammonium sulfate, am­

rates placed 2 inches 	 moniulll nitrate, anhy­j" 

below and :3 inches to drolls ammonia, urea, 

side of seed. and calcium nitrate each 


applied at 4 rates, !;ide­

I dressed after emergence.
Irrigation ______________ 9 irrigations (Apr. 27; I 811fT below 800 cm. at 9 

.Julle 30; .July 12, ]9, inches throughout the 
24-; Aug. ], 7, 15, 21). season. 
Net intake, 36.91 
inches. I

Variety of corn_________ Iowa 939 _______________, Iowa 939. 
Date planted___________ May 9_________________ May]1. 
Plant spacing___inches__, 10-12 x 34._____________ 10.5 x 34. 
Plants per acre_number__ l 16,772 ____ -- - __________1 17'500. 
Yield data_____.________ j Table 9 ________________ 	 Table 10. 
Replications___number_ _ 4_____________________ -i 	5. 
Reference______ ----- ---j (20) - - - - ------------ - - -i 	 (20). 

Item 	 Experiment 32 Experiment 33I 	
•,~.----------------------- ­

I-:.ocation _______ ----- ___ II Prosser 2------- ------ --J	Hermiston, Oreg.
}94.7.§~it~:::======:===::=== ~~~;'iil; ~:-e~}r- fi~l~-s;l~d;' -It 

loam, GO-inch depth.
rop IS ry ___________ , \~~rg~ll so~ ______________11· 'P"'lC h to 	 Yirgill soil.

Fertilizatioll history_____ "lrglll sOIL----_________ Virgin soil.iFertilization ___________ Ammonium nitrate-12 I Amlllonium nitrate--sin­
rates sidedressed. 	 gle applications, 4- rates; 

split applications, 4 
rates; 100 pounds P 20 •. 
Olle 120-pound rate 
with 15 tons of manure.Irrigatioll___ ___ ________ Adequate irrigation _____ _ .:1i,-15 irrigations (irri­
gated WllCll Sl"IT was 
below 400 cm. at 9 
inches); toml, 5.07 feet. 

M 2-11 irrigations (irri­
ga ted when SMT was 
below 9 .atmospheres at 
9 inches); toml, 3.65 
feet. 

M 3-13 irrigations (irri­
gated same as llJ2 except 
:3 weeks during silking 
and pollination; then 
same as 1\[1); total, 4.21 
feet.Variety of COrll _________ . Iowa 939 ______________ _ 1:. S. 13.Date planted ___________: May 12_______________ _ April 15. 


See tootuot~s at cud oC table. 
 • 
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'l'A I3LB 41.-Test conditions fm' 'irrigated c01'1~~nit"()!Jen 'rate ex]!(winw'Ilts, 
central lFlLshington area, I-Oontinued• Item Experiment 32 I Experiment 3~ 

Plant spacing___inches__ 12 x 30_________________!81-12 x 30j 8 2-8 x 24. 

Plants per n.crc_number__ ] 7,500 _________________ ~ 81-14,500; 8 2--32,700.

Yield dam _____________ , Table 4 ________________ ( Table O. 
Replicn.tiolls___number_J _________ .. _____________\ 4. 
Reference____________ - -I (6)__ - ---- ----- -- -- - -- - -I (15). 

1 Prccipimtion, llSUn.lly vcry little in the growing sen.son, is not an important 
factor because adequate irrigation water for these experiments was n.vn.i1able 011 
demand. 

2 Irrigation Experiment Station, Prosser, \Vn.sh. 

3 Moses Lake, Wash., Development Farm. 

4 Ket intake. 

S Irrigations were for longer durations and more frequent thn.n is commc,nly 


pmcticed on the fine sandy loams in the Yakima Valle.\'. 
6 Unpublished data from Irrigation Experiment Station, Prosser, \Vasll. 

TABLE 42.-Test conditions for irrigated corn-nitl'ogen ?'(tte e:r;pe1'iments, 
Nebf'(tskcL, 1949-53 

Item Experiment fit Experiment 52 

• 
yen.L_________________ 1952____ _ ______________ HH9. 
SoiL__________________ Waukesha silty clay loanL Tripp very fine sandy 

loam . 
Crop history ___________ Dryland corn for many 


years; brought under 

irrigation in 1951.

Fertilization history_____ ______________________ __ "Liberal" manure for 
many Yf':lrs. 

Fertilizu.tioIL __ _ _______ AmmoIlium nitrate-12 Ammonium nitrate-O, 40, 
rates ranging from 0 80, 100, and 320 lbs. N. 
to 320 lbs. per acre, and 25 tOilS of manure 
sidedressed at second per acre; 160 lbs. N. and 
cultivation. 25 tons of manure per 

acre; 40 Ibs. N. and '10 
lbs. P 20.; per acre. 

Irriglttion. ______________ Adequate irrigation Rll- 2111-3 irrigations (July 
pCI'vised by extension 5-7, Aug. 1-3, Aug. 30), 
agricuiturt11 engineer. M 2-3 irrigations (July 

5-7, Aug. 1-3, Aug. 23). 
1113-5 irrigations (July 

5-7, ,Tuly 2:3, Aug. u, 
Aug. 1l), Sept. 2).

Variety of corn _________ Nebraska 504 __________ _ Iowa 4316. 
Dn.tc Plallted----------- May 14 _______________ _ May 12-14.
Plant spacing___ illche:l__ n x ·10_________________ _ 8 j -l) x 36; 8~-l) x 28;1 

I 8 3-9 x 20. 
Plants per acre_lltllnber__ : 17,u70 ________________ _ Eh-l4-,520; S2-18,(jliHj 

I 8 a-20,laG.
Yield data ____________ J TabIn ·L ______________ _ Table 11. 

Hepli('aUollf)___ Il11lllilCL -/ 5___ -- __ -- -- -- _-- -- _---I '.L 


• 

Hefcrellcc______________ (10, 14) _------ ________ _ 
 (14).

1 
_ ~-_.__..•,_._.__ .. J 

See 1'<)OtIlOI:(; at end or tallie. 
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TABLE 42.-Test conditions for irrigated corn-nitrogen mte experiments, 

Nebraska, 1949-53-Continued 


Item 

Xear_________________ _ 

SoiL _________________ _ 


Crop history __________ _ 

Fertilization history____ _ 

Fertilization __________ _ 

Irrigation _____________ _ 

Variety of corn ________ _ 

Date planted__________ _ 

Plant spacing___inches __ 

Plants per acre 
number__ 

Yield data ____________ _ 
RepIications___llumber__ 

Reference_____________ _ 

Item 

year_________________ _ 
SoiL _________________ _ 

Crop history __________ _ 

See (ootnotp at end of tuble. 

ExperIment 53 

1950, 1952 _____________ _ 
Tripp very fine sandy 

loam. 
Bromegrass irrigated pas­

ture, 1938-48; pota­
toes, 1949; corn, 1950; 
sugar beets, 1951; corn, 
1952. 

1949-0,80, 160, and 320 
lb. N; 160 lb. Nand 80 
lb. P 20 5 ; HiO lb. N, 80 
lb. P 20 S, and 80 lb. 
1(20. 

Plots split in 1950. Half 
of plots received no 
additional nitrogen; 
other half had 40 lbs. 
additional N applied 
to corn ill 1950; 80 lbs. 
N to sugar beets in 
1951; and 80 lbs. N to 
corn in 1952. P 20 S 
aud 1\:20 treatmellts 
same in 1951 as 1949. 

1949-potatoes, 8 irriga­
tions. 1950-corn, 5 
irrigations. 1951­
sugar beets, 5 irriga­
tions, 1952-corn, 4 
irrigations.

Nebraska 30L_________ _ 

1950-May 12 _________ _ 
1952-May 9 __________ _ 
1949-potatoes, 9 x 36; 

1\}50-corn, 11 x 36; 
1951-sugar beets, 14 
x 20; 1952-corn, 15 x 
36. 

1949-19,360; 	 1950­
15,840; 1951-22,400; 
1952-11,600.

Table 12______________ _ 
5 	on west field; 4 on east 

field. 
0)------------_--------

Experiment 55 

1951: 1952 (residual) ____ _ 
Tripp very fine sandy 

loam, high fertility. 
Uniform rotation, 1912­

48; no legumes. Each 
replication different, 
1949. 

ExperIment 54 

1950, 1951 (residual). 
Tripp very fine sandy 

loam, low fertility. 
Each replication lmd a 

differen t crop in 1949; 
no Jegumes. 

Each replication different. 

Ammonium nitrate-O, 40, 
80, and 120 lb. N per 
acre in 1950: (1) Plowed 
under, (2) at planting 
time, (3) corn 6-12 
inches, (4) corn 30-36 
inches high. None in 
1951. 

1950 and. 1951-4 irriga­
tions. 

1950-Iowa 4316 
1951-Nebraska 301. 
1950-May 15. 
1951-May 14. 
1950-12 x 30 
1951-22 x 36 

1950-17,400. 
1951-11,600. 

TabJe 13. 
4. 

(1) . 

Experlmen t 56 

1951; 1952 (residual). 
Tripp Yery fine sandy 

loam, medium fertility. 
Uniform rotation, 1912­

49. 

• 


• 


• 
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TABLE ';1:2.-Test conditions for irrigated corn-nitrogen rate experiments J 

• 	 Nebraska, 1949-53-Continued 

Item 	 Experiment M I Experiment 56

-----------------1------------------.1-------------------
Fertilization history____ _ Each replication differ­ Each replication differ­

ent; no practices for ent; manure applied at 
maintaining fertility. \'arious times. 

Fertiliza~iOlL _________ _ Ammonium nitrate-O, I Ammonium nitrate-O, 40, 
40, SO, and 120 Ibs. N SO. and 120 Ibs. N in 
in 1951: (1) Plowed 1951: (1) Plowed under, 
under, (2) at planting I (2) at planting time, (3) 
time, (3) corn 6-12 corn 6-12 inches, and 
inches, and (4) corn 30- I (4) corn 30-36 inches. 
36 inches. Rone in Rone in 1952. 
1952. 

IrrigatioI1 _______ ---- ___I	,1 irrigations, 1951; 4 irri-

J' 

1 4 irrigations, 1951; 4 irri­
_ gations, 1952. i gations, 1952. 

Variety of corn________ _ Nebraska 301___________( Nebraska 301. 
Date planted_________ _ 19~I-May 14.__________ /' 1951-May 14. 

1902-May 8 ___________ 1952-May S. 
Plant spacillg ___ inches __ 1951-20 x 36___________ , 1951-20 x 36 

1952-12 x 3lL_________ ! 1952-12 x 36. 
Plants per acre 1951-8,700_ - - _--------1 1951-8,700

number__ 1952-1J,500. __________ ! 1952-14,500.
Yield data____________ _ Table 14._________ --- ___ ; Table 15. 

2______________________ 1 2. Replica tiolls___number__
Reference_____________ _ (1)---------------------1 	(I). 

• 
Item 	 Experiment 5; Experiment 58 

year_________________ _ 1952, 1953 (rcsidual) _____ 1953.SoiL_________________ _ Tripp very fine sandy ',fripp very sandy loam. 
loam, low fertility. 

Crop history__________ _ Uniform cropping, 1912- A and C-corn since 1912. 
48; 110 legumes. Each Band D-sugar beet­
replica tion differen t, potato rotation, 1912­
1949. Corn, 1950 and 50; corn, 1950-52. 
1951. 

Fertilization history____ _ See "xperiment 54- _____ _ A and B-12 tons of 
manure, 1942-52. 

C and D-12 tons of 
manllre every 2 years, 
1912-52. 

Fertilization __________ _ Ammonium nitrate-O, A, B, C, and D-O, 40, SO, 
40, 80, .and 120 Ibs. N 120, and 160 Ibs. N.; 
in 1952: (1) Plowed 120 lbs. N. and 40 1bs. 
under, (2) planting P 20s; 
time, (3) corn 6-12 C and D-12 tons of 
inches, (4) corn 30-36 manure. 
inches. None in 11}53.

Irrigation _____________ _ 4 irrigations, 1952; 4 irri- 3 irrigations. 
gations, 1953. 

Variety of COfll________ _ Kebraska 30L_________ _ Nebraska 301.
Date pla.nted__________ _ 1952-May 8 __________ _ May 7.1953--May 7__________ _ 

12 x 36__________.______ _Plant spacing___inches__ 	 11 x 36.14,500 ________________ _Pla.nts per acre__lllunber__ 	 15,SOO.
Yield data____________ _ Table 16 ______________ _ Table 17.4_____________________ _
RepJicatiolls___ llumber__ 	 2.
Reference_____________ _ 0)---------------------	 (1). 

1 Unpublished data of the Scotts Bluff Experiment Station, Scottsbluff, Nebr. 
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TABLE 43.-00nstants determined by mathematical method oj est.imation 
jor tthe tresp'on~e tCUd1've Y =~1-ARx a,nd the. stnntdard erro7'S ~.fr tI~e '., 
cons nn s, 'L1'7"L{jn e ,corn-nttrogen rate expenmen s, oregon, rvaSl1r 
inyton, and Nebraskn 

Experilllen~ 1',0. por Here I lvf I -A R' 8Jf SA 8n(pounds) 

'---',~---'" ----~"'-

2______ . _____ ~_~ 	
J r~-' I

01 132.391 88. 05:0. 7880,11 4. 581 '1. 47 0.0367 
7_______________ 100\ 113.391 65. 521 . 63825; 5.481 7.97 .1754, 

01 117.791 54.37, . 7671S' 6.7SI 7.17 .1170 
100' I I L 9(11 53. 591 . 664.34 4. 36t 5.87 .1106 

10 89. 40, . 75000 G.70j lJ. 31. 1 .020411. _____________~- .. ---------- 58! 150. 171
112.05 56. 22 . 59767 2. 721 4.28! .0780 

12 ______________ lOOi 114.55, 51. 62; . 63,533, 1.04 1. 5JI .0299 
0 107.70j 36. 37: . G2870 G.821 

1 9. 621 .0849
JOO! 112.9S 4S. 13! . 760SS 7. 971 8. 54 .1599 

9J 011 9.87! 
" 6-t .1197 

27: 	
J1I, V, _____ ._ 0' 13S.221 • ~ • : 4 -6?'r, ......... u,1 S.71 1 .0851. 

l11,Vz - !) 152. (5) 75.77: ,791871 11. 62, 12. lSi
llI V, _____ z	 0 100.67; ,j3.0G; . G21'lJ I G. '18; 10.39: .2305l1f V ______ 2651 122.891 42.10 12. 14i 11. OO! .0517z z 	 .837271 

27 and 28: 	 I t !j1{,V, _____ , 01 181. 93: 119.09 . 79M2, 28.13, 28.991 .0559
jlI, Y _____ • 2651 296.39'z 	 204. 48, . 90794 82. 16'r 77. 58: . 1061llI l', _____ " z	 0 171. 12: 87.8'J .86559 30.62 28. '"I .02-17
1112 l'z 3__ 2 65: 281. 70: 177. 871 . 9268 _ _ ___ _ i ___ • _________ 

29: 	 I 
Sidcplaced ___ Oi 149.071 59.71i .81457 8.63! 8.75 .0107 
Sidedressed _ , 0 133. 701 82. 50 . 70220 '1. 72: 6. 34 . 0689 

30 ...... - .. ~~-~ ~ 0: 167.98 43. 901 . G7780; 6. 79j 9. 15! . 1987 32,, ____________ 

5,1. ____________ Or 152. HI 14~. 81l . ~35241 ~. 'l~i 9. 79j . 0~35
0; 127. 781 106.781 . ,06;;2 ;;. 001 9.82 .0;;20I • 

I In tcrms of 20-pouncl units of nitrol'cn. 
2 65 pounds of P20.1 and 50 pounds of :;ulfur applied I,f'fore seeding vctch co\·C'r 

crop preceding corn in expC'rimcnt 27. 
3 Constants for this responsc curvc wcre determined by the graphic method of 

estimation. 

• 
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TABLE 44.-00nstamts determined by yraphic method oj estimation jor 
the response cur've Y =Al-ARx, irrigated corn~itrogen Tate exper­
iments, Oregon, W(tshington, (LncZ Nebraskn 

• 


• 


1',0, per "err I
Experiment (pounds) 

4____________________________ 
0 


8 ___________________________ . 100 

0 

9: 
30-inch ro\\'_. _______ • _____ 0 
36-inch row_ 0--~------- ........"
38-inch row__ .". ________ -. 0
42-inch row_______________ 013_________ 0 

~.------~-------- 100 

26: 

j\ft/SI_ 0 
~----------------~~l1f S _. ________ -- ________ •t 2 	 0 

0lV~SI------------------B1 S _____________________ 
B12S2 _____________________ 0 

3 I 	 0
W[3S2 __-- ___ ----- ___ -- ____ 0 

31: 
Calcium nitrate____________ 0 
Ammonium sulfate_____ . __ . 0 
Ammoniulll nitrate_________ 0 
Anhydrous ammonia_. _____ 011rea ____________________ 0 

33: 
llfl S I_ ---.-------- ------ ­ 0 
111IS2_. _ --- --- --- ----- ., 0 
1\12SI __ --- ........ -... _---,.. ... 0 
l\{zSz_ 

.-----~- ------- ­. 0 
1113S I••...•. _____ -... ... - 0 
j"[3S2-

---~ 

0 
-~-~-----~-------~ 

-~.-.--.,--,"~ 

1 In tcrl11& of 20-pouncl units of nitrogen. 

]v[ I 

113.84. 
118.71 
137.34 

221. 00 
141. 01 
J38.59 
] 25.06 
1] 7.08 
111. 06 

156.08 
280. 03 
205.25 
187. 21 

199. 21 

219.40 

167.25 
169.09 
170. 70 

220.84 
176.41 

141. 40 

138. 76 

127.84 

98. 03 
139. H­
1<14.10 

-A 

32. 44 

29.91 
24. M 

125.00 
46.41 
',11.89 
] 9.06 
26. 88 

29. 36 


135. 08 
276.03 
182.25 
18t. 21 

184.2] 
209. 40 


90. 25 

93.09 
94.50 

147. 84 

100. 41 


48. '10 
76.56 
27. 84 

35. 33 

41. 1'1 
79.00 

Rt 

O. 	73795 

.71582 

.62355 


.94240 


.68112 


.73264 


.46'182 


.80658 


.64924 


.85342 


.93552 


.90672 


.88025 


.89523 


.90308 


.87258 


.74971 


.795.77 


.89516 


.85360 


.85950 


.66564 


.64083 


.41410 


.80313 


.80381 
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