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ABSTRACT

Anhydrous anrnonia as a source of nitrogen alone and in
co¡rbinatj-oä l¡ith arnmonÍum phosphate was applied to oats and

barley seecred. on fourteen stubble fields situated on seven

genet-ic soil t¡ry:es. Tirere hlas a basic phosphate requirenænt
õn al1 soilsu iditrogen applications 1rere necessary to attain
high yields" T¡e soils wiln calcium carbonate near the surface
gr.î" å-n"t"asing reE)onse to phosphate, the.I?d"ine farnrs 

ì

showed dirn:i:l-ishj¡g iotal ¡riei¿ "tttr iire f:-fteen or ti.renty pound

per acre applicatlon of phosphate. Eleven farms showed increases
Lo nitrogeï application ip tã B0 pounds per acre" The remaini-ng

tirree faims eif,:i¡:-te¿ dinrinishing total yíelds at the hlgh nitro-
gen appu-cations" Phoryhate and. nitrogen response ïfere closely
associated r,¡ith genetic soil ty¡res" Nitrogen response was also
dependent on soil management practices"

Ître avajl-able soil nitrogen deterrrrined by the alkaline
permanganate and incubation method did no'r, correlate satisfac-
îoriJy*r^rith nitrogen yield responseo The corretation r'¡as erratic
ana tittle confidãnce could be placed i3 yield predictions -fron
the me'r,hod.s at the present timel F\rrther i"¡ork r'ri1l be needed i¡t
an atterqrt to adapt one or both of 'ohe ¡'ethocls to I'fani'boba soÍl
conditions"

Quadratic and cobb-Douglas functions were fitted to the
yield data. It r,ras proven that the Quadratic ftmctj-on response

äotrru" fitted the aciual yield data better .than the Cobb-Douglas

function and greater confidence cou-l-d be placed in the yield pre-
dictions made from the Quadratic function"

For methodological pufposes Tarm B was chosen to adapt a

method. to deterniirre i]." moit econornic rates and combinations of
ptrosprrate and nitrogen fertilizers. The method showed that the
äptimurn yield varieá with various nutrient and crop price situ-
itiorr", This work on methodolory can be applied to luani'boba

fertjl-izers yield data and to future fertilizer ínvestigation
worko

Arrhydrousammoniai.¡asfoundtobeasatisfacLorysource
of nitrog"ä,rh"r" available nitrogen is loi.r such as in stubble
fields"



COi\iTENTS

IlflrR0llucTIoN "6aê 
óo oð Eo 0, o oo oó oo o oô o o c co Ðo o ô o o o o o o o e o ônô o' oo o oc oê

REVIE'¡¡1I 0F ITITER-q.TURE .un€rooooe oôooôooooooo.ooðo&6ooooooooooo€ooo

Ánhydrous Ammortia As A Source 0f Nitrogen 60oooe6oooôo060.øooß

Applieation 0f S"batistj-cal Equations To Yie1d Data uoooooe€ø6o

Techniques For Determining Avai-Iable Nitrogen @o oå €é oo oÐ' o eo oó

FIEIÐ II'II/ESTIGATÏON "" 
e o ooo 6 6 ço o oeo ê ô o e oê o o o oo o@o oo eÐ oo o o o ooEçeðo

Field i}çerimental Data And ResuLtS 
" " 

o o o o o o ô è o ó o o o o o o o o o ó ô o o Þ

Figld 0bsgrçatioil.S 6 þ ø o o o e o o e e o 6 ô @ o o o ê 6 o o o ô s o o o ô ô è ù o G o 6 e6 o o

The Sffect 0f ,Anhydroils Atmlonia Fertilizer and Anmoniun
Phosphate (ff*)+8o) Ferbilízer on Oat Yields eosoqoçooê6ooo

The Effect of Anh¡nCrous Aïmonia Fertilizer and Ammoni-un

Phosphate (11-hB-C) Fertilizer on Barley Tields e.qooooooôo

Ilethodological Approach to lield Predictions and most
Econonúca} Fertiliz,er lilutrient Conrbinations 6o oe ô o ôo o o o e o@ø

Derivation of regression equaiions on yield functions ô

Discussion of the Quadratj-c function including inter-
action as applied to yield predictions "ooooecoeoooooôo

(a) preaicted oat yield response to applied
nitrogen o.. o o ô o o o € o oo øôe o e o o o o o oo oo o o e c o€ e€ o o oo 6

(b) Predicted barl-ey yield response to applied
nitroggn o o o q aooo o o oooe o ö ô o o ó€o o o o oo o e oø oooao oqo e

(c) Predicted oat and barley yield response to
applied phosphate o o . o o o o ó e o o ø o ô e o o è o € o c ô e o o o o o a o

DÍscussion of predícted pleld response curves with the
Cobb-Ðouglas function and Quadratic functíon including
interactiofl . o e o o o o e o o o o o o o o o o o o I è o û o o o o o o o e o o ô o o oô o o o !!

(a) Predic-bed yield response curves r,¡ith. the
Coìrb*Douglas function o ô êoôeoc 6oo o ooôù o oo o oå o ooo o

(b) Predicted yield response curves with the
Quadratic function i-ncluding interactioi'l . " oo o aoe

Page

1

2

¿

7

10

L6

T6

25

3o

3o

37

37

3B

3B

4J

I+3

h7



Page

Yield isoquants and. their sÍgnificance oooooooo@o 5t
Derivation and nature of isoclines for Farn 8 '*" 57

Econori-ic optima for fertilízer app]-Í-catiorÌ e s . e ee 58

(a) Leas"b cost cornbinations of nutrients ooooeô. 58

(U) tttost rn ofj-table application of nutrients ". 6

IIIB0RATORY II{VISTIGATIONS 
"o@ 

o o o o å e o e o oe o ê oó ô o o e o e o oo @ô ë o o o o o o 6g

Ïrcubation Method For Determining Avaj-Lable Nitrogen oo6eâ, 69

Alkalíne Perrnanganate Method For Deternr-ing Available
NitfOgen 6¡6èsoâeoe Ðo B E o o ooo oo o oo@ o oeo oq€e oøsoeo eqooG6o eo o oo 7L

Correlation 0f Yield Response And Available Nitrogen
Determirred Tn The traboratory &@ooôoeoo666oeøøeð6ùo6ooôooooø 73

GENERA.I, DTSCUSSION OF TTET.,D AND I/IBORATORY ]NVI]STTGATTONS ' ". '
SUMM¿P,Y AlüD CONCLUSÏONS ooo o€o eooe o o eo eoooo oao&s o oo oeoo@Gaooèo

LITERATURE CITED o ô ô o o o I o @ B ô o o o o o o o o Ë o { o o ó o o o & s o o @ ø ù o @ € @ o o o o o &

APPENDffi 60 soooo eo€ o o€a6 o o o o o èô o qo oo øô o eoo o o o eo o øa ô € o o oo o eo Þo o

(j-) The Correletj-on Coefficients For The Cobb-Douglas
FUnCtiOn ôo€ o o è o o @ ooo s o oc oe o6oo I e € eç 6 € o e Ðo o oo Þ ô oo o ô oûo

(ii) The Correlation Coefficients For The Quadratic
F,\fnCtiOn €oooo ôooo sooao oo o ooe o@6o oeô 6o ooo 6 ooo oo o oo ôo eø

(iií) The Correlation CoeffÍcients For The Quad-ratic
Function Including lnteractions @o Þ s 6o 6eo6ee@ ooo €oo o oo

(Ív) Pr"eùlcted Oat lields With Varying Rates 0f Nitrogen
and Rate Of Phosphate Constant At æ Pounds Per
Acre (guad.ratic F\:nction Tncluding Interaction) óo ooo6p

(v) Predicted Barley Tields i'rlith Varying P;:tes 0f
Nítrogen And Rate 0f PÌrosphate Cons-Lant -A-¿ 20

Pounds Per Acre (quadrati-c Fùunction Includi¡g
(IntefaetíOn) oe o o ô o o o ô o e o e o oo oo oó o o o 6 co ? o ôo.@ oo ooo o ô o o

7B

B}

ö,

B7

B?

BB

Bp

90

o"l



(rri) Predicted Tields On S;irc Farms lfith Varying Rates
0f Phosphate .And Rate 0f Ni-trogen lleld Constant
At hO Pounds Per Acre (Suadratic F\rnction Includirg
nnteractio[ 

""o€oo 
ooooo oE e oooo @ oe@øo oo oo o @o os o o o o ô o oo

(víi) Predicted Tields l{ith Varying ilates 0f Nitrogen And
Constant Raies Of Phosphate tn Farm B (Cobb-Ðouglas
I\rnction) soooo oo.so oeo e o ooo o@ e e oo oo 6 ooo oo o oosoo o oo oo

(viif)predicted Yields l/'lith VarTf,ing Rates 0f Phosphate
And Constant Rates 0f Nitrogen ûr Fann B (Com*
Douglas Function) oo. o o o oo o o oo o eo oø o o o 6 oo o e o o o e o o o 6o o

(ir.) Predicted Yie1ds With Varying Rates 0f Nitrogen
^And Constant Rates 0f Pirosphabe On Fann B

(Q;-radratic Function ïncluding Interaction) oo oo oo oo oo

(") Predicted Tields trüith Varying Rates 0f Phosphate
Ano Constant Rates Of Nitrogen 0n Farm B

(Quadratic Funetion I'cluding Tn'beraction oeo o eoo o o oo

TXStE,S

T,ist 0f Farms Qn irlhich The Experiments ltlere Conducted uôooo@1"

2" Effect 0f Anhydrous Ammonia a¡rd Ammonium Phosphate Qa

Oa'b Tields On Stul¡b1e In 1955 andl956 'oooooôooooooo

Page

.Analysis tf Variance 0f The Effect 0f lrlitrogen -And

Phosphate ù'r Oat Yields ô. o o . ô o ô o o o o o o 6 c 6 . o o o o o o o ô o e o o o o o o o o

Effect CIf Anhydrous Arunonia And Ammoniunr Phosphate 0n
Barley Tiel-ds On Stubble T:nIg55 Arñ l-956 oo.oêoóoo..êosoooe

Analysis 0f Variance 0f The Effect 0f Nitrogen "And

lt.

f)ø

6"

Phosphate On Bar1ey Yj-elds o. ô ô o o

93

The Coefficients Of Detery¿lnation. Regression Coefficients
And Regression Equati-ons (Cobb-Doúglas function) for
Nitrogen .And Phosphate Applica-bions 66 o 6oeqoo o oo' ooêoooo 6ôo6

The Coefficients 0f Determlnation, Regression Coefficients,
Anct Regression Equations For Nitrogen.And Phosphate
Applications (quadratic F\rnction) 6o o o o o E6 6o oo oêooô oo oôo o oo o

9I+

e5

96

2u

28

¡lt4

,,



B, The Coeffi-cients of Ðetermination, Regression coefficients
.And Iìegression Equati-ons For Nitrogen And Phosphate
App:-icãtions (Quadratic I'unction häth Tn'beractj-ons) qG.âe o6

9" Ïsoquant Conbj¡ations 0f iüutrients For Producing þcific
yieids .And Corresponding I''larginal Rates 0f Subs'oitution
On Fafm B u uuooo q o. oðoô oo o o g oo o ogo êo o @ ooo oé o oo ooe o ô e oc c ooôo

1O*, Combinations 0f tfitrogen And Phosphate To ]'Lini-rrlze
Fertilizer costs Per fuecified Yield Level I'or Different
Price R¿tios Orr Farnr B uoto.ooooé86ûoosos @seeoðeo6'oeooooeo

11" Optimura Quantities Of Fertilizer And Optimum Coilbinations
Of Nutrients For Speeific Price Relationships On Farn B .".

]¡2, Econorn¡l-c Production levels On Farnr B "."ooooeooooêoooo€o06o

13" T,east Cost Combination Of Fertilizer lJutrients Requíred
For A Speci-fi-ed Yield Deternrined By The Use Of

th,. Relationship Between Check Yield, Yield Ratio ¡lnd Available
NitfOgen oooo € ôèe o oo oo e oo ð c o eoo o c øooo oê oao o eðoo o o c Ê oo o 9ô o oo

15" Correlation 0f Available ¡Iitr6gen As Deter¡nÍ¡ed By Tw-o

t{ethOds With Uach Obher And Tíeld ReSpOnSe oooooeoooocooooo

Irlathematics o oe è o c eo

Page

1t

2,

FTGURES

The ltfachine Used 1o Apply Anlrydrous Anrnonia Fertilizel "n."

Plot Ðesign Showing Orie 0f Ten Replicates In The Brperi*
mental Field o o oo o o o ô ê oc o o o ô s o o o o oo oe o ø o o ô o oo o o ôo o ao ô q e o o o€¡

A Picture Showing The Check .And 60 Pounds Per Acre 0f
NitfOgen On Fafm h o."ooôoooooeeoo.ooo6ôooo¡6èeóooco ooooooo

A Picture Shgr^ring The Check And B0 Pounds Per Acre Of
NitfOgen Off Eafm 1 

""noo€ôo6€.&Eé€@ñ 
oGo@€oóG6eo6oe6ôôöâoo6e+

A Ficture Shor,ring B0 Pounds Per Acre 0f Nitrogen Ïn
Combination IrIith l+O pounds Per Acre 0f Amroonium Phosphate
(ff-h8-o) And ho Pounds Per Acre 0f /l¡mionium Phosphate
(ff-lifl-O) Or Farm 13u*coooooêeoooooâ@oooo ooo@oo ø aøø Éô oooô6

JO

3o

L"

ílr

I
/@

56

6l

72

eft2

L'

1l+

L7

1B

T9



6, Predicted Oat Tíel-d Response Curves 'ldith Varying fi,ates
0f Nitrogen Ánd A Constant Rate 0f 20 Pounds Per Acre
0f Phosphate . ô ooê oô oor oô6 o Ððo o o o óo o oo o ô € ooo ô e o o or oo o oóos

7 " Predieted Barley Tie1d Response Curves li'tith Varying
Ra.tes 0f lV'itrogen .{nd A Constant Rate 0f 20 Pounds Per
Acre 0f Plrosphate oo oøo o r 6 ooooo. oo o oo ô aoe oo ê r oô e ooo ooóo oo

B" Preclicted Tield Response Curves [trith Va.ryi-ng Rates 0f
Phosphate And A Constant Rate Of L0 Pounds Per Acre 0f
NÍtrogen û"t SiJc Farms oâoeoo¡eooo oo6o€ø€coD€qooóo osðoeooo

9, Predícted líeld Response Curves 'trfith Varying Rates 0f
til-itrogen And Constant Rates 0f Phosphate On Farm B

(Cotf-Oouglas F\.:nction) ooo oeoÞôo@aoó oeo e ooo ooo 6oôo ôo @o@Ê

10 " Predj-cted Tield Response Curves l,^Iith VarTfulg
Phosphate 1l¡d Constant Rates Cf Nitrogen 0n

l1' Predicted lielci Response Curves I,lith Varying
Ititrogen llnd Constant R¿.tes 0f Phosphate Clr
(Quadrai;ic F\rnctìon Ineludj-ng Interaction) o

Dou,gla.s F\inction) o o o e ooâe o o oo oc ! eô oo

12" Predicted Tield Response Cu¡ves l{ith Varying Rates 0f
Phosphate And Constant R¡.tes 0f Nitrogen CI1 Farm B
f^(Quadratic F\mction Tncluding In'ber¿ction) ooooo õ o oo oc ooô

13. Actual Tield Daba From Varying Rates 0f Nitrogen And
A Cons'bant Rate 0f 2B"B Pouncls Per Acre 0f Phosphate
Conpared 

.ldith 
The Predicted Tield Curve Having The Same

Quantity Of Fertilizer Nutrients @ o o o o o o o o o é o o o o o o c o ô r ò o o

1l+" Yield Isoquants Showing Æ-L Possible trTutri-ent Co¡'binations
Tir Þrn¡{rr¡i-q Specified Yields And Tíe]d Isoclines For
VarÍous Fertilizer itTutrient ?rice Relationships 0n Farrn B*

Page

?o

LO

B¿'bes 0f
Farm B (Cobb-

l,)

Rates 0f
-b'arrû Õ

o o o o o o oo

tl,

ôooeooÐ l+B

L6

)v

(,2



TNTRODUCTÏON

During the past decade in Mar¡-i-toba there has been a noticeabl-e

defi-ciency of uitrogen in cereal crops seeded on fieLds cropped the

prerious J¡ear€ This problem necessitated the use of higher raì:es of

nitrogen fertilizer" In crder to apply these higher rat'es of nitrogen

it r^¡as found- necessary to use higher anaþsis nitrogen fertilizers"

Foreseeing this trend j¡ fertilizer applications this investi-

gation r¡as under taken j-n the spring of 3-955 r',rith tr,ro rnai-n objectives*

The first objective, to evaluate ankiydror:s an¡monia as a nitrogen

fertj.lizer alone, md in eombination with phosphate fertÍlizer r,:.ith,

speci-al emphasis on yield increases r,¡ith the different rat,es o.f fertili-

z,et an oats and barley on several }lanj-toba soiIs" Included j¡l this

objective was an atternpt to outline a rrethod r,rhereby the most econonúcal-

rates or cornbinations of nitrogen a:rd phosohate fertilizers could be

easiþ alrd accurately deterrn-lned, The second objective, to inrrestigate

methods of determintng the quantity of nitrifiable nitrogen as outlined

by other investigators and deterinj-ne the correlation between nitrifiable

nitrogen and the yield response of oats and barley to nitrogen fertilizer

applicationu

In consideration of the conpl-exity of the problem and the need

for the greatest am.ount of infornration in the shortest possible time, the

investigation was carried out on fourteen farms on seven genetie soiJ.

types during a two year periodu lrtore specific infor¡etion could have

been gailed if the investigation had been undertalren on one and at the
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most tlro soilse but Ít was decided to obtatn results that would have

a rnrider application to l4anitoba conditions" The investigation was

earried out on a field trial basi-s which ùid not lend itself to random*

izatj.on of fertiliøer rates but the design did lend itself to statis-

tical lnvestigation s'uch as analysis of varianee, t*test and correlation

and regression anaþsis,

REVÏET{ OF I,TTErufiIN3

Anþdrous A¡unonia As A Source ûf Nitrogen

The use of anþfuous ammon:ia as a nitrogen fertilizer has only

recentþ become Ímportant and therefore, there is a scarcity of liter-

ature regarding its use and adaptabÍIity as a corurercial source of

nitrogen, Anloydrous a¡rnonia is the cheapest source of nr:itrogen to manu*

facture because it is the primary product of the il;irect qrnthetic ammoni-a

proeesso fn earþ years it r,ras thought that tbis an¡'non:ia rmst be con*

verted to some solid product before it could be used as a fertÍlÍøer"

Collings (5) stated that earþ e:çer:tments ruith easity þdrolyzed am'nonium

conpounds appeared to shoiu that a high percentage of free a¡unonia in tte

solIs could be injurious to germinating seeds and plant roots, Recent,

research has sho¡m that arùydrous ammonia car¡ be satisfaetorily used as

a source of nitrogen for crops if proper safeguards are taken at the tÍ¡e

of application,

.[ndrews et al (1) have probably caruied out the most extensir¡e

work with anhydrous amnonia" These investigators explained, that when

anþnirous amnonia is applied to the soil, the ammon:ia goes into solution



in the soil .¡.rater and is almost irmnediately absorbed by the clay and

organic r,etter forming ammonium clay and. anmoníum organic matter" Ïn

this form it does not leach out of the soi1.

Theforminwhichuitrogencanbeabsorbedbytheplantshas

been a matter of consideraiion and sonre investigators have for'rnd that

the arunonium rritrogen is absorbed as readily as nit'rate aitrogen by

solie plants, Obher plants appear to absorb arnrnonium ni'trogen only i3

the seedling stage. Andrews et al (1) stated that yoLlllg co¡n and eotton

plants prefer ammonium nitrogen to niirate nitrogen as evj-denced by the

fact that they grow more rapidly when zupplied r'¡'i't'h am¡ronium nitrogen,

although they did note that in general older plarrts prefer nj-trate nitro-

gen to the amrnon:ium forrno !,Ihj-le Collings (5) did not list any plants

that utiLize anrnonium nitrogen, he did say'bhat the ammonia in the am-

inonium clay arrd anrnonium organic matter is available to those plants

that utilize arnmon-ia' This is al.so confirmed' by Andrews et al (1) 
"

l{eyers et a1 (12) reported that ]lrany species of plants when gror'm in

sand or solution cultures develop as well or better when supplied with

armnonium sal-ts than when supplied l,rith nítrate " They felt that this

was not surprising si¡rce the nitrogen in ammonium corq:ounds is in a highlJ

redircedform.Thestatement,softheseÍrrvestigatorssubstantiatethefact

that arnnonia is a sati-sfaetory souree of nitrogen even before it is nitri-

fied to -bhe n-itrate ni-trogen formn

Ándre¡.¡s et al (t) stated that no sandy sojl- has been encountered

u,ith too little clay to absorb the arnmoni.a applied at the raüe of 32

pound-s per acïe at a depth of l+ inclles but to apply riery heavy rates of

-3 *



nitrogen as a¡rnonia to these sandy soiLs it may be necessary to increase

the depth of application to eight or ten inctres or decrease the spaci:rg

of the amnon:ia applicators. The nork reporbed by Jaekson and Chang (11)

shoi.¡ed ühat soils of neutral pH, rædium texture and moisture content

may absorb 6O tUs, of nitrogen per acre when released at a depth of L

to 2 inchesu ?hey also found that soils containj¡lg siic percent clay

provided adequate absorption capacity for amrnonÍa, and soils with a high

pH value may retain as high as 600 ]bs, of nitrogen released 2 Lo I+

inches below the surfacen

Irr order to repÞce other nitrogen ferbilizers, anhydrous arurnonia

rmrst excel the other nitrogen fertiliøers in crop rcqponse, ease of ap-

plÍcation and ability to reduce the n"itrogen deficiency caused by the

presence of undecomposed crop residue. .Andrews et al (1) reported that

faIL applied anþdrolls a¡mlcn:la from the ¡de3-d standpoint was tt¡ice as

effective as faIl applied arirmonium nitrate" This difference in yield

was attributed to less leaehíng of nitrogen ruhere the anhydrous amrnonia

was applied. These sane l¡or{<ers a-Lso reporbed that anhydrous ammonia was

for.¡r¡d to harre crop producing value equal t'o or superlor than ammonÍum

nitrate for row crops'

The advantage of speed of application of anhydrous anmonia as a

nltrogen source is re¡¡ealed by the work of .Andrens et al (f) in which

they state that farnærs usua-lIy apply anhydrous am¡rpnia to about tr'¡ice

as many acres per day as with tlre solid sources of n-ltrogen" Harmsen

and Var¡ Schreven (9) coneluded that anrnonium ferti-lizers rmrst be con-

sidered superior to nitrates for rapid decomposition of straw.

I
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I.,Ihile anhyclrous anrnonia exhibits many advantages, some of the

ùi-sadvantages are reporbed by Collings (5) " lle stated that the gernr-in-

abing seeds are usu-alLy kiJ.led by eontact with the solution; tillage for

a fen days following ttre application wil-L result in a Loss of some of the

ammonia; and heary equipment is requir"ed. for transportation, storage and

application"

þplication Of S-,,atistica1 Eqrations To Yield Data

A great deal of :-nvestigation has been carried out on the prob-

lem of developing equations that r,li- 11 make it possible to predict the

yield increase resulting from a given fertilizer applicationo Bear (2)

men-bi-oned that Liebig pioneered the work in this field r'¡hen he developed

his nlaw of the m:inimumrt but Bear states tha'b i-nter-relati-onships exist-

ing among various fertilizer cornpounds in their effects on plant grorrth

are too conplex to be eqplained by such a sinple law' Bray (l) as quoted

by Bear suggests that nitrogen does tend'bo folJ.oro Liebigts law of the

mininm:1 r¡hile phosphoru.s and. potassiu.m follow Baule¡ s percentage yield

concept, Tisdale and l{elson (16) stated that l'fi-tscherlieh and Spillrnan

independ.ently d.eveloped. equati-ons that üake into account that trhen plants

are sçp1íed with aclequate amounts o.f a1l- rnrtrients save one, their

gror^rth is proportional tc the amou¡rt of this J.iiriitÍ-ng element I'i:ich is

supplied to the soilo Willcox (18) verified the percentage-yield concept

developed by I,fitscherl-ich a¡rd Baule-. and in his work shot'¡ed that tirere

ean be partial substitution of one element for another element"

This line of iriv'estigation has been greatly intensified Curing



the last decade uith the increase in the use of fertilizer, especi-a]1y

nitrogen fertilizer" Since fertilizer has become a najor investment on

rnany farrns, Heady et al (Ð) have carried out sore of the most intensive

work in the field of applíed. statisticsu They criticized the rrlaw of

the nrin-irmrmrt advanced by Liebig which supposed that fertility elements

must be combined in fjxed. proportions; one element does not substitute

for the other ar¡d a given crop yield carurot be rnaintained as a shift is

made to more of one and less of another nutrient" These investigators

used fertíIizer yield data to shov¡ that the same yield can be reintajned

by replacing sone of one nutrient in a fertil-i-zer r¡ith more of another

but less and less of the first nutrient will be replaced by each sücces-

sive per pound increase in the second" They also showed that nutrient

interacti.on was very iriportant jr¡ fertilizer response aS the yield re-

sulting from a given combj¡ation of fertilizer rnrtrients trras greater

than, the total y:teld of the two nutrients applied separately'

Heady et a1 (tO) aevoted considerable attention to deriving

algebraic eq¿ations best suited to estimating tlre fertilizer yield re-

sponseu These Ì{orkers found that tlre Cobb-Douglas or logarithmic

function could not be applíed to dininishi::g total yaeld and rrras not

satisfactory for experi-ments nith high fertilizer appaications' They

foqnd that the field isoquants of this function have a constant slope

along a fixed, nutrient line in the nutrient pIane, æd thereforee the

same nutrient combination shorrld be used for alf- ldeld leve1s" It does

not atlow the range of substitution to narrow as higher yields are at-

tai-ned.* Heady et a-1 (1O) setected the qradratic functÍon beeause ít
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allowed the yield isoquants to change i.n slope along a fjxed nutrient

líne and they exhibited a higher coefficient of determination and could

be considered as being'bhe most efficient for predicting the response

curves to fertilizer applications, It also allo¡¡ed for diminishing

total yieId" Tlæse r,,iorkers conclud.ed. tlrat several dj-fferent functions

nmst be checked for best fit by exan-ining the statj.stics for each

fi¡nction and by conparilg the response curve and y:ield isoquants predic-

ted from the tr,ro variable functj-ons w'ith scatter diagrams of the obser-

vations before a function can be selected for prediction for each cropo

Teclmiques For Detennining Available Nitrogen

There is very littIe published informatj-on about the applica-

tion of the incubation and chemical method for deterr¡ri:ring avai-Iable

nitrogenu Harmsen and Van Schreven (9) reported. that as early as 3g1:6

studies had been made to determine the percentage of nitrogen rn-i-neral-

Ízed during i-ncubationu ltris work has continued through the yiears and

at the present ti¡ne a great deal of r¡ork is bei:rg carried out in an

efforb to correlate the amount of nitrifiable nitrogen as deterrn-i¡red i¡r

the laboratory with the yield response of crops to nitrogen fertilizer"

A number of procedures have beon r.¡.sed and conflÍ-ctíng resr:-lts reportedn

.ûccording to Fitts et al (ó) the use of co¡mercial nitrogen

ferbilizer is a relatively new practj-se and until 19h3 there had been

Litt1e research carried out r'¡-j.th nitrogen fertilizers" They stated that

accompanying this trend was a need for a rnethod evaluating the soil

ni'brogen and predicting the magruitude of crop response from nitrogen
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applicationso These workers also stated that the relationship between

past cropping sequence and the degree of response of corn to nitrogen

ferbilization had been investigated but the use of past management data

alone is unsatisfactory as a guide to the need for nitrogen fertiU-zer.

prichett et aI (il+) began the present trend to correlate the

mineralizable nitrogen with the response of crops to nitrogen fertilizers"

These investigators determlned the increase in amnonia, nitrite and ni-

trate nitrogen resultÍrlg from incubation'

Fitts et a1 (?) stated that nitrate production during i¡rcubation

shor¡-ld give the most reliable results because of the sircilarity between

the incubation and soil processes" It was also nentiored that nitrate

production takes place in nornral soils in the field under condj-tions

which perrn:it aerobic microbiologi-cal activity, Thryexplain further that

d.uplieation of field environrent j¡l the laboratory has generally not

been at'berpted. and fron the standpoint of sojJ- testing, it is not 1ÍJ<e1y

d.esirable to do sou By ai: drXring the sarnple and then imposing optirnurn

cond:itions of incubation i¡¡ the Jaboratory, it Í-s possible to produce as

much nitrate in two or three læeks as might be produeed i¡r one or two

nronths in the field" The rrrrj-ters concluded that soils which produce

only small arnounts of ¡rltrate nltrogen under optinnrm conditions in the

laboratory are not lÍkety to prodrce rTni.ch under field conditions. These

hrorkers atterpted to sinqrlify the laboratory procedure so that it could

be used on a mass producti-on basÍs and at the sanp time naintaj¡r accur-

ate results. They reduced the laboratory rork by measuring only the

nitrate nitrogen produced during the incubation period"



Conflicting opi:r-i.ons are reported concerni¡g tlre suitability of

thè incubatíon method as a means of detenaining the available nitrogen

so that predictlons could be made on the crop response to nj-trogen

fertilizer. Prichett et al (11+) concluded that a regressÍon equation

relating response of oats to nitrogen fertj-lization r,¡ith mineralizable

soil nitrogen can be used as a Íteans of predictj-on provided the regres-

sion equation represents the average of several years data They al.so

stated that the mineralizable nitrogen content of the soiJ- serr¡ed as a

better index of the prob¿ble response of oats to nitrogen fertilizers

in Towa than information on past management alone. Hanway and Dumenil

(B) repoz'ted that regardless of the crop, a single set of samples from

a field nay provide a reliable indicatÍon of the potential nitrogen

supplying por,rer of the soil rnihich w:lIL hold for a period of yearso

However, they qualified their staterent saying that the interpretation

of the ineubation test as a basis for nnking fertilizer recoiûnendations

¡rn¡st differ, depen*ing on the previous crop and tire erop to be grourn.

The relatÍ-onship develqped in their study is lÍmited to the nitrogen

needs of corn wh:ich does not follorq a legumj¡¡ous meadow" I4:nson and

Stanford (t3) concluded that the nítrate deterrnined by the incubation

rpthod rnost readiþ reflected the n:i-'brate availability. They also fou¡td

that nj-trate n:itrogen released by incubation hras a more accurate measure

of availal¡le nitrogen than l¡as total nitrogen" These tr+o ¡o rkers corp

pared the two week incubation nethod r'¡ith the all<aline permanganate

nethod recently introduced by Truog et aL (17) " I¡iunson and Stanford

(13) founA that when the avai.lable nitrogen deterrn-ined by the a1icaline
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pennanganate method was reLated to the nitrogen response of crops,

only low correl-at'ì on Ïras obtained, This was in contrast to the hígh

correlation obtaj-ned r,¡ith the incubation method." They also sta'bed that

there was a low correla.tion between the available ni-brogen determined by

the allcal-ine perrnanganate method and the avajJ-able nitrogen determined by

the incubation ræthodo llarrnsen and Van Schreven (9) stated that rel-iable

available nitrogen resul-ts srrfficientJy correlated with the nitmgen re-

quirrrent of field crops can be ex¡gected. only when the jncubatíon techuique

is restricted to one soil tJpe, one climatic zone, one farrn-ing system and

when all sanples are collected. r¡ithin one season, preferably during the

early spring, They stated. further that the results and their int'erpreta-

tion r,ril_l \rary from one year to another due to uncontrollable and

unpredictable r¡ariations j-n -rhe weather eonåltionsn

F"JBLD TNVESTTGATTONS

Tire field inyestigaiion t¡as initíated to determine the yield

response of oats and barle-y to anþclrous arnrnonia (B2-O-C) a-lone and in

combination r¿ith arnmonium phosphate (11-LB*O)o The anhydrous arrnoni-a

ivasappliedatrates-bosuppl¡-O,20,hO96oa¡¿BOpoundsofrr-ltrogen

per acre. Tlte ammoniutn phosphate (ff-L8*c) i"ias applied at rates of 0'

Jr.O and 60 pounds per acree srpi:lying 0e 19"2 and 2B"B pounds of phosphate

per acreo The alnnonium phosnhate (ff-l+B-o) also suoplied l+'J+ and 6"ó

poundsofnitrogeni'¡iththehOand'óopoundapplicationsrrespectivelyu

.&rmonium phosphate sulphate (f6-20*O) and arunonium ni'brate phosphate

Q7-Al+q) fertilizers Ìdere applíed besicle the anmronium phosphate (11-l+84)

appJ-ieations at rates shown in tables I a:rd ó"

The anhydrous ammonia for the trials in lg55 r,+as applíed in the

spring of 1;955 while the anhydrous arûnonia for the trials in 1956 was



applied in the fa1l of 1955 witfr the exception of Farm 1l+ on r.rhich this

fe:tilízer was applied in the spring of 1956" The machj-ne used to apply

the arùrydrous anmonia ferbilízer is shov¡n in Figure J.u The eight appli-

cators were spaced at one foot j¡tervals" The anh4rdrous arunonia was

applied at depths varyiag from four to six inches, The an¡nonj-um phos-

phate (11-hB-0) r'ras applied r'rith the seed usi-ng the fertilízer attachment

on the farner co-operatorts seed driJ-l,

The field trials were placed on fourteen farms listed in Table

1" This table gives the name and location of the farnær co-operators

on whose fams the trials trere situated" The genetic soÍl type and crop

gror^rn Ís listed as wel3. as the year i.n rùrich the experj¡nent was carried

out" The experiments included seven oat and seven barley fields üiith 9

trials in 1955 and ! trials ín 1956, The e:cperjmental fields were located

on di-fferent genetic soil t¡rpes, The seven genetic soil t¡pes were j¡.-

cluded instead of only one or two genetic t¡rpes in order that a great

deal more Ínformation of practical use could be gained regarding anhydrous

anfiíronia fertilizer.

The basis for choosÍng the individual fields rrere as folLor+s¡-

They were at least one-quarter rrriJ-e in length

They were stubble fields on wh-lch the crop
residue from the previous ertp had not been
tnrrned or removed,

They were in a grain-fallow system, i"e.
legur,æs had not been groroe on the field for
at least ten years*

The fields t¡hicb l¡ere selected were represen-
tative of the dominant genetic soil t¡rpe that
occurued i¡ the area@
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Table le List 0f Farms 0¡n lrlh-ich The ftrperiments lrlere Conducted

-- suropz 2

i ntr* , Co-Operator ; tocation : and ; Genetic þpe i
3 No, i, i 3 Yearl Textr:re and Association i

. .19(( : ô-r^r.
" tr'7)) DvJ'd'J

. TJ^ 
-/l; 

h d

' à o flcatrr-Llrli

ô'.3
: Z i nerquist¡ CuHn . sw-r¡-r2-lolü I g:l: . Black-Meadow l
s : ' 

itgSS 'LoamYfinesand
' AlmassiPPi

i I ; Uitctretl, IJ'T, , SIIUJ!-11--1?W 3 Oa!s. ; Calcareous Black 2

't a(l ll'ì r-¡r 'l n:m2 t722 ' v¿qJ rvqr!
óo . Newdale 2

: [ : Sjmse lfnF" ! NE-23-11-11hI : Oats : B]aek-i'feado]r 3

i z i 3 l955 2 trT-ne sandY loarn :

B : ". 2 sAlmassippi z

:--3. ¿ ' or.r o(-{-1 ¡ . Oats , So}onetzic Bl-ack-luleadornr :
r 5 , -Eì8'fJe lie " ¡)w-¿: - o ¡a¡¿t1956 . CIaY

ó o^t- Ði t.¡ø
" Re¿ River

2 6 : UcFaddefie DuJ" ; s.E-6-12-2ohl ; Oats : cal-careous Black-Meadow i
t¡fL ., ñ1 ot¡'laom ?L72V ' v¿éJ Jvdr¡

î Carroll z

.2- '? - Ror..,uist, C.H" . m¡-f3-f2-lOhr , 0"!9 , Blaclc-ilieadow 3

'' ' 2. *- i2 - - - "2 l:956 i m"ty fine sar¡d 
'"

aô
" JIIrllAÞÐrPPri AlmassiPPí

" a . lonestaffe, hI.L"l sw-e5-rh-zrw itîãlPu; l*:.Î,n.,-,i::u"' i
ô ' Ô ' r'')) ' UJaYJ-Oaln
t ê t 

ltTewdale
22222'
'^ g : purdy, R,Tnln 3 SW-11-16-23W :Barley: Calcareous Bl-ack-Meadoi"r ?

r o(( . Clay loarn ?. . ,///
; Newdale ?

" ro , Remptee cou" i m.r-ef-t*-e w 
'ry113"; Hij"* ;

" t?r, . uray i
a . ø 6 ' ôolr^--oa \/u vvr ¡¡v

: 11 : Ruckle, A.trnl' : SE-21-11-1h!tr :Barle.y: Black 3

-a/rr ' Very fine sandY claY loam :e ! i itY22
: 'l¡üellwood 

3

'" 12 . Russell, R.Fo . m-r¡-5-r i''l 'rr?*?n'r:11-o-""t'j'c B1ack-ïrleadow ;

' " l'>>) ' 
rrJdJ :

' ¿ Red River

i ll , caLvert, H' : sw-32-11-fhg rgarrey.. Black :
- Ilar-rr fi na s:nrly clay loam ¡. 2 Ig56 z vvrY rrrrv oarr''r

. o 3 WOIJWOOQo c 3 Wellwood

; tr* ; lvir.kie, a. : ruw-zp-¿-r+ w :""$i"ii ieîf;T;3u3î,,uu ,o.* i.|,,""'
' ' '- : 1.4-lmassiPPS' ic!ìz
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Figure 1; The nrachine used to apply the anhydrous ammon-La

fertilizer showing the applicators, rnetering pump and
hi-gh pressure tank to carry the arnuon:ia



Figure 23 PLor DESIGN sHowlNG oNE oF TËN REpLtcATES tN Tt{E
EXPERIMENTAL FIELD
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These qualifications ¡vere adhered to very closeþ r,rith the
exception that farms !, 31 10 and 12 had been broken from forage crops
within the last 10 years,

The design of the trials is shomr in Figure 2, The ammonium

phosphate (11-h8-o) was applied the length of the field during the seed-
ing operation" A cheek strip was left between thu l¿O and 60 porinds of
amtonium phosphate (11-l+B-0)n The strips varied in wid.th from seven to
ten feet depending on the si.ze of the seed drilL" The anhydrous a¡nnonia

was applled aeross the area on n¡hich the anrnon:lum phosphate strips r,rcre

to be placed" The anmronia !Ías applied at 20, l+O 6O and BO pounds of
nLtrogen per acre r,¡,ith a check strip bet¡¡een the 20 and hO pound. rates
of ni',,rogen and the 60 and B0 pound. rates of nitrogen. Thi-s desi-gn re_
sulted in a check strip adjacent to each rate and combi¡¡,ation of rates
of ferbillzer. These conbinations of anhydrous ammonia cross strj.ps
were replicated ten times on the ansnoniuîr phosphate strips at regular
intervals dor¡n the length of the field" The applications of anhydrous
amnpnia r"¡ere B feet wide ín ]gií and 16 feet wide in 1956"

These field scare trials had a fixed design that did not allow
randomization of the treatrpnts but the fields chosen were quite uniform
and ar$' noticeable vari-atlons in soils or ilu.nagerænt such as dead fur-
roh's, dTtft soil ridges, old building sites etc, in¡ere avoided, Thus,
any variation in the soils was random and effected each treatrnent equaflJ¡.

At hazvest time, one square yard of the test crop Ìras cut from
each replicate treaünent resultfug in ten square yards being harvested.
from each treat¡ænt. The sarples r¡ere threshed, r,reighed a¡ld the yields

1f



I,¡ere calculated in bushels per acreo The yielcls on the fourteen farns

are shomr in Tables 2 and 3"

Field Þcperinæntal Data And Results

Field Observations

Duriag the growing season and at harvest time observations were

made on the crop growth, color and straw strength" Figure 3 shows the

di-fference between the checlc and 60 por:nds per acre of nitrogen. The

oats were mrch taller and the leaves ïrere broader where the fertilizer
had been applied. Figure h shows the check strip and Bo pounds per

acre of nitrogen. The height and thiçkness of the oat crop is inclicated

by noting the stakes and si-gns. The corqoanison of BO pound.s per acre of
nltrogen Ín cornbination with l+O pounds per acre of arnmonium phosphate

(It-ir8-o) md l+o pouads of ammonium phosphate (u-h8-o) alone is shonn

in Figure l. The dark green color resulting from the high n-itrogen ap-

plication is very noticeable as wel-I as increasecl leaf r,iiclth and. crç
height" The three figures all shoar that the nitrogen application

increased tillering as ÌìIas noted by the very thÍck stands on the nitro-
gen fertilized strips, trrlhile some difference in length of strar.¡ and

leaf color was noted where 20 pounds of nitrogen had been applied this
was not general on alJ. farrns, ûn all far¡ns there r^ras a very noticeable

increase in length of strar+, tillering and. leaf color nhere l+0, 60 ana

B0 por:nds of nitrogen rnrere appried. The leaves of the test crop were

noticeably ¡nrider as the rates of nitrogen T¡rere increased. All anhydrous

annnonia applications exhibited a darker green color than the adjacent

rates of ar'monium phosphate sulphate (ró-20-o) and amrpn-lum nitrate

-16-
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Figure 3¡ SholrÍng the check on the l-eft and 60 pounds
per acre of nitrogen on tlie right on Farm L
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Figure hr Showing the check on the right and BO pounds
per acre of aitrogen on the left on Farm I
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Figure 5* Shor,ri.rng B0 pounds per acre
combination with l+0 pounds per acre
phosphate (It-1+B-0) on the left and
acre of arrmonium phosphate (ff*l+B-o)

on Farm 13

of ni-trogen j-n
of ammonium
l+0 pounds per
on the right



phosphate (27-1lr-O)"

The high rates of nitrogen application did not cause lodging

or delayed naturity when phosphate rias applied. The B0 pound appli-ca-

tion of nitrogen alone did cause lodging on some farms especially on

farms 3, 9 and 10, but these farms had been broken from forage or

native sod within the last seven years" Lodging was very seri-ous on

alL rates of anLgrdrous amnonia on Farm l+ but tli-is was also noticed with

tlne 96 and thl+ pound rates of annnonium phosphate sulphate (t6-20-o)"

This field had a great deal. of sweet clover plor,.iecl in as green tilanure

in past fifteen years " The over abundance of nitrogen from the tr.¡o

sources caused the lodging observed on this field. These observations

seem to shon that lodging is not a problem if there is a balance be-

tween nitrogen and phosphate applied to the crop.

The Effect of Án$drous åmmonia Fertilizer and A¡monj-um
Phosphaie 11-bB-0 Fertilizer on Oat Tields

The oat ¡deld data are shor.¡n j¡¡ Table 2. The yield data shor,in

in Table 2 iras been processed from the orj-ginaI data in order that the

yield.s from each fertilizer treatrnent can be eonpared to the nea¡ check

yield at the top of each farm column. The caLculation used. to obtai¡

the yield figures in Table 2 is as follows:-

actual treatment :rield ..
ffiX average check yield

This aLLoTrs one to conpare any treatment ¡rleld to another treatment

yield due to their common mean check yield" The mean yields for the

seven farms for each treatment are shown in the last column in Table 2,
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Before the yield datauereprocessed as shonn in Table 2, Lhe yield

data were analysed statistically by means of the t-test to deterrn-ì-ne

whether the fertilizer treatments were significantþ different from

the adjacent check yield" The 1 percent and 5 percenù levels of sig-

aificance are indicated i-n Tab1e 2"

The mean yield of each treatment showed that the y:i-eIcÌ increased

up to and including the B0 pourd application of nitrogen but at a de-

creasing rate rn¡ith each added increment of fertilizer after the l+O por:nd

application of nitrogen.

The mean fielcl indicated that the 2B.B pounds of phosphate pro-

duced onþ sJ-ightly higher yields than 1p,2 pounds of phosphate l¡hen low

rates of nitrogen hrere appl-ied" As the nitrogen application was increased

to the 6O and BO pound rates, the yields were noticeably higher r,rith the

h:igher phosphate applicatÍons showing slight interaction between nitrogen

and phosphate"

Farms 1 and 3 did not respond significantly to the nitrogen ap-

plications" O:r Farm l-¡, significant response to ni-trogen occurred only

at the 60 pound applica'r,Íon. Ttris lack of nitr.ogen response on these

three farms is explained by the fact that farms L and 3 had been broken

from alfalfa and Farm l+ had had srveet clorær plowed in as green manuree

Fa¡rns 3 and L exliibited very erratic ¡cield increases even when phosphate

was applied with the nitrogen,

Farms h and 6 were the onJ.y farns showing significant yield in-

creases r.¡ith the l+0 pound application of anmonium phosphate (11-1+8-0)

and these fa¡ms shorued significant i-ncreases onþ at the ! percent level"

-22-



Farrns 1 a¡rd $ shol*red signifi-cant difference in yield at the 1 percent

leirel from the application of 60 pounds of arnnonium phosphate (rt-b8-o)

and Farm 2 sho¡¡ed a significant yield increase at only the 5 percent

level with the same treatnpnto These soils apparently required a higher

application of phosphate because the h0 pound application of anrnonium

phosphate (11-l+B-o¡ did not give significant rield increases" ft r'rould

appear that on these three fanrns, ¡nield increases could stiII be expec-

ted with higher phosphate ratesu

The results of amrnonium phosphate sulphate (1ó-20-0) and

amrnonium nitrate phosphate (eZ-fir-O) fertilizers are includ.ed at the

bottom of rable 2 for the purpose of con"paring the results with the

anl¡rdrous arnmonla and anmrorrium phosphate (11-LB-O) u These fertilizers
gave the greatest ¡rield j-ncreases on the fanns rihere there l"ras a good

response to anþCrous anmonia fertilj-zer. There hras a greater j-ncrease

per pound of applied nutrient r¡ith these granular fertilizers than with
the anhydrous anrunonia. This suggests that fertilizer placement is
imporbant and more efficient u.se hras being made of the fertilizer place¿

with the seed than rrrith the rrltrogen in the anhydrous ammonia fertilizer
that was placed ar^ray from the seed,

The analysis of variance of the effect of nitrogen and phosphate

on the oat yields on the selren farrns in Table 3 showed that there kras a

highly si-gnificant difference anong fanns on different soiIs, .ürith regard.

to their fertilizer responseo The response to the different rates of
phosphate and n:itrogen on the seven farms r.ras significantly different.
The interaction betn¡een the nitrogen and. phosphate was not signÍficant.
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This laelc of signÍfie¿rnt j:rteraction r.Ías also shor'rn in the regression

analysis Table8;qlthou&Fban 2 did exhibit sign:ifj-cant interaction at the

5 percent lei¡el"

The Effect of Anhydrous Amnonia Fertilizer and Arwnonium

Phosphate (ff-l+B-O) on Barley Tie1ds

The barl-ey yielcl data âre shoi,¡n j¡l Table h" The data has been

processed sinrilar to the oat yield data" The I percent and 5 percent

levels of significance refer to the yield difference of each treatment

from íts acljacent check plot. The nean yields for each treatrrent

,shol.rn in Table h gives some indication of the yield response to the

di-fferent ra'bes of fertilizet"

The mean yielct column showed that the yields increased up to

the BO pound application of rrltrogen. The largest yield increase due

to nitrogen occurï€d betl'¡een the ho and 60 pounds per acre application

except when 28"8 pounds of phosphate was applied, then the greatest

increase due to nttrogen occurred betr.¡een 1.he 26,6 and Ló"6 potnd per

acre applica'bion of nitrogen.

The B0 porxrd. application of nitrogen increased the yield only

one or t¡^ro bushels over the 6O por:nd applicati-on"

There lfas a very definite response to phosphate shown in the

mean yield column and. the hO pounds per acre of amironium phosphate

(ff-l+B*O) gave higher yields than the 6O pounds per acre of anunonium

phosphate (ff-lr8-O). Th-i-s indicates that diminishing total yields were

shor"ring up at the óO pound rate of amnronium phosphate (11-I+B-O)"



T
ab

le
 b

; 
E

ffe
ct

 0
f 4

¡J
ry

dr
ou

s 
A

¡n
no

n:
La

 A
nd

 "
A

¡m
no

ni
um

 P
ho

sp
ha

te
 O

:a
 B

ar
le

y 
Y

ie
ld

s

1b
s/

ac
re

0

z 
!9

 o
2 

: 
h.

i+
z 

19
 "2

 
; 

2l
+

"h
, 

!9
"2

- 
: 

lù
.h

z 
!9

,2
 

".
 6

h.
b

I 
I9

,2
 

; 
B

h.
h

¡ 
28

.8
 z

 
6.

6
: 

28
"8

 t
 

26
,6

s 
2B

.B
 r

 
I+

6,
6

: 
28

"8
 z

 6
6"

6
: 

ãô
.8

 ;
 

86
"ó

G
ra

nu
la

r 
fe

rt
ili

ze
r 

on
lY

U o 0 o 0

s 
N

itr
og

en
 3

: 
lb

s/
ac

re
 ;

o 2a l+
o

60 B
O

F
ar

rn B

L7
.5

19
.7

22
"O

20
.0

2r
.2

i\a
# 

to
-r

o-
o 

;
z9

6#
 t6

-z
o-

o 
:

:Ih
l¡#

 t6
-2

o-
oz

z5
l#

 z
l-t

)',
..o

 ".
:L

th
# 

27
-r

l+
42

29
.3

26
"2

26
,5

3I
+

.9
3?

"1
+

x

33
 "é

*á
Y

30
.8

28
.6

h2
.h

x'
t

l+
h*

0,
--

F

25
.\x

¿
+

 z
31

'l+
*t

t' 
c

3l
 "

J,
-s

r 
z

32
.0

'ir
Y

. 
¡

32
"8

x*
 t

25
"2

x+
 z

26
"9

x*
 ?

3T
 "

5x
x 

z

3l
+

"2
y=

¡*
 z

33
.5

x+
 z

22
"3

 ¿
31

.9
*'

é 
3

3l
+

"6
-x

-x
' 

:
37

"0
"'t

-F
 : :

9.
6

rg
.2

28
. 

B

8.
0

16
'o

l+
0.

6
L$

"2
ht

,9
b3

.7
Ir

o.
5

!o
.1

h2
"1

36
.9

hl
"9

hl
+

.t

ho
"5

Ilo
'o

IJ
I+

"7
'l+

2"
3

h7
,1

.*

36
"9

45
 o

ö*
hh

,?
*

*y
¡"

 In
ùL

ca
te

s 
th

at
, 

th
e 

yi
el

d 
of

 th
is

 tr
ea

tm
en

t 
is

 s
ig

ni
fic

en
tly

 d
iff

er
en

t 
fr

om
 it

s 
ad

ja
ce

nt
 c

he
ck

 a
t 

th
e

1%
 Ie

ve
l"

år
 ïn

di
ca

te
s 

th
at

 th
e 

yi
el

d 
of

 th
-is

 t
re

at
m

en
t 
is

 s
ig

ai
fie

an
tly

 ù
iff

er
en

t 
fr

om
 tt

s 
ad

ja
ce

nt
 c

he
ck

 a
t 

th
e

¿
¿

-
þþ

 J
ev

el
o

A F
ar

m
11

7.
7

l-5
.h

23
"o

15
 "b

30
, 

B

O
n 

S
ub

bl
e 

tn
 Ig

55
 a

rñ
 1

95
6

10
"1

 
i

18
o6

*q
* 

:
!2

,7
x 

2

IB
"5

*"
+

â 
¡

21
.7

+
r¡

ç 
c

!7
 o

?'
n+

 z
26

.1
+

x+
 z

2a
"ls

-*
 z

27
.8

+
s^

- 
z

3I
+

.7
w

 z

Lo
.5

+
+

tÊ
 :

zl
"g

*x
 ."

26
"9

*x
 z

31
.1

+
x'

* 
:

35
.lr

x"
t:

26
"7

 z
29

,3
 ?

32
.9

 ¿
ho

"T
+

¡+
 ¡

]+
2"

6x
+

. 
z

2B
"g

^o
O

4l
 c

o
3l

"g
37

 "5
h3

.o
x

39
,9

x
37

 "6
x

3l
+

.8
*

hh
.z

x+
t

h7
 o

?x
)ç

U
+

,5
-x

x
Lo

.6
x

I+
2"

3-
*x

50
"B

x*
þo

 ô
I+

Í

ho
,2

h3
" 

B

L3
.B

Lr
{ 

na

30
"3

32
.!

33
.7

th
.g

 
i

!6
"9

x 
z

2l
+

.0
+

tx
 :

30
.3

;+
* 

:
29

.L
x+

ç 
z

23
"2

x+
 '"

2l
+

"5
w

 z
29

.7
-x

+
 z

37
.[+

-r
 :

b2
"5

*x
 ;

17
.9

+
+

* 
'.

2!
"6

x 
?

25
,3

',p
* 

t
3?

.6
:t+

 ¡
36

"3
-x

+
 z

]-
;5

"3
21

.3
*+

23
 "2

x
27

.5
-v

*
25

"Z
x-

x

A
ve

ra
ge

T
ie

ld

7"
9

2a
"3

-þ
t-

19
 '0

*¡
t

22
.3

7
2h

"8
1

26
"c

2
30

"3
h

3f
.t5

23
"8

x,
*'

 z
 2

9,
02

31
.9

#J
+

 z
 3

2"
Lt

32
.o

-*
+

 z
 3

1"
25

35
,o

*Y
 t 

37
 "2

h
30

"0
Y

-r
 t 

39
,\2

2!
"7

* 
z 

27
.5

7
26

,5
x+

 z
 2

9,
5h

29
"8

*x
 z

 3
h,

2o
28

.5
-*

+
' 
; 

37
 "9

2
Z

6.
O

n;
p.

 ¡ 
3B

,Z
l

t5
"6

17
"l*

].;
g,

M

2l
+

.9
xx

-
26

"6
<

+

t ¡\
) o\ I c

L9
"3

23
 "g

x-
27

,1
+

x*

22
J1

2h
,6

30
.7

31
.8



Farms B, 91 10 a¡rd 12 did not show significant responses to

nitrogen applied alone except that farms 10 and 12 exhibited a signifi-

cant response to B0 poirnds of nitrogen. Farms 9, 10 and 12 had been

broken from legume neadow or rrasteland r,¡ithj-n the last seven years

explainilg the lack of nitrogen response on these farras, Farrn B re-

quired phosphate in cornbination r'rith the ni-trogen to produce signifi-

cant yield response as noted in T able l+.

Farms 11, 13 and th responded si-gnifieantly to nitrogen applica-

tions,

.AJ.L farrns except Farm 10 showed significant response to the h0

pound per acre application of ammonium phosphate (ff-h8-O)" The 60

pound per acre application of ammonium phosphate (Ll-h8-C) ¿i¿ not pro-

duce a significant response on far:ns 9 and 10, while the response on

Farm 1l+ was only significant at the 5 pereent levelo Five of the seven

fartns shol.¡ed a lower response to ó0 pounds per acre of anqroniurn phosphate

(ff-l+B*o) than to the hO pounds per acre of a¡rnonium phosphate (11-LB-O) 
"

This shor,¡ed that din-inishing total ¡cield had occurred with 60 pound per

acre applj-cation of ammonium phosphate (11+8-0)"

The r"esulùs of the an¡nonium phosphate sulphate (16-20{) and

ammonium nitrate phosphate (22-il+-O) ferbjLizers are included at the

bottonr of Table h for the purpose of comparing the results with the

anlrydrous ammonia and armnoniun phosphate (11-hB-O). the ammonium phos-

phate sulphate (16-204) gave significant response on aLL farms except

farms 9 and 12" Farrn t had been broken from ¡raste land r'rithin the last

seven Jrears e:plain:ing the general lack of response but on Farm 12 the

- 2?-
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check yield for these granular fertilizers was unaccountably high and

this reflected on the significance of the fertilizer response. The

optimum reE)onse to arnmonium phosphate sulphate (f6-ZO-O) lies between

the LB ard 96 pound per acre application" The trvo farriq 13 and ilr,
seeded ín lg56 were fertilized r¡ith armnon-lum nitrate phosphate (27-ll+-O).

0n Farm tll ttre armnonium phosphate sul;oha-be (16-20-0) appeared the most

satisfactory while on Farm 13, the ammon:lum nitrabe phosphate (27-1h-O)

was most satisfactory. This is uncÌerstandable because the nitrogen in

the form of antrydrous aJnmonia gave a greater response on Farm J3. There

I{as a greater increase per pound of applied nutrient r,¡ith these fertÍL-

izers than with the anhydrous anxnonia = anunonium phosphate combi¡ationu

This agrees with the results froin these same fertílizers on the oats in

Tabl-e 2, Fanns ljl, 13 and llr showed sign:ifi-cant response to all
fe rbilizerbreatments u

The anaþsis of variance of the effect of nitrogen and phosphate

on barley yae:.ds on the seven farrns in Table 5 shoured. that there hras a

highly signifÍcant difference among farms on different soíls with regard

to their fertilizer responseo The analysis of varianee showed that there

r¡ras a signi-ficant difference in response to the various rates of nitrogen

and phosphateo The response to the different rates of phosnha.te on the

seven fazns was significantly different and response to the different

rates of rritrogen on the seven farmsrwas also significantly differe[to

there was signifícant interaction between the nitrogen and phosphaLe

response at the 5 percent level of significance,
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Methodological Approach to Tield Predictj-ons and most
Economical Fertilizer Nutrient Combinations

The nrain objectives of this sectj-on are as folLowse-

(1) To show the physical relationships of nitrogen
and phosphate and the corresponding yielclu

(2) To deter:nine the least cost combination of
nutrients"

(3) To deternine the most profit¿trle level of nutrient
applications6

Tn order to make predic'bions from the yield data, regression

equations or production fi:nctions r+ere derivedo Production functions

were derived separately for each farm due to the wide difference j¡r fer-

tiJ-lzer response amongst farms as shol¡n by the analysis of variance

tables"

Derivation of regressÍon equations or yield fune'bions

preliminary inspection indicated that the Quadratic funetion

would best fit the yield response data" Ir orCer to verify this it was

d.ecided- io try to fit three different regression equations to the data*

The comelation coefficients were ealculated to derive the regression

equations and are l-isted in Appenùices (i), (ii) and (iii)'

The regression equations fitted to the data were as follows:-

(f) Cobb*Douglas or T,ogarithrni-c function v"

g = ¿Pb¡-çbY2

Y a predicted yield

a = the ordi¡ate of the point where the line
crosses the T axis or the check yleld

+¡ The Cobb-Douglas equati-on i-s a linear functi-on in terms of the
logarithms oi tne óriginal data" In a more general sense the Cobb-

Dougla"s equation is referred to as a power functione



p=

byt

by2

pounds phosphate applied per acre

pounds nitrogen applied per acre

= regression coefficient to estimate

= regression coefficient to esti-mate

(2) Quadratic frinction

(3) Quadratic firnction includ:ing an interaction term

y = a + bylP + by2N + by3P2 + uy¡N2

The symbols are the same for these latter two equations except

the cross product term is added to the equation (3)"

Y = a + byrP + by2N + ay3Pz + by¡N2 * byS}n

Y

e

ï

ï

= predicted yield

from

from

P

N

the check yield or the ordinate of the point r..rhere
the line crosses the T axis

pounds phosphate applied per acrep=

¡!-

by1

by2

¡.y3

¡yh

ayS

pounds nitncgen applied p'er þcre

= regression coefficient to estimate Y from

= regression coefficient to esti-mate Y from

= regressÍon coefficient to estimate Y from

= regression coeffieient to estimate T from

= regression coefficient to estinate T from

The regresslon coefficients were determined by the Fisher Modi-

fication of the Doo1ittle Method" An explanatj-on of the regression

coefficients j.s necessary in order that the practical application of the

Y

N

p2

N2

NP



regression equations ean be fully understood. The Quadratic function

or equati-on (3) i-ncluding interacti-on was chosen for discussion, The

regressÍon coefficient by1 is a linear term an<i represents the slope of

the yield response curtre due to the applied phosphate. This regression

coefficient by1 perro:iÈs positive fertilizer resoonseó ït is expected.

that with Ïr-igher rates of feri;il-izer application the yield ruould incïeasen

The regressíon coefficient by2 represents the slope of the yield. re-
sponse curve due to the applied. notrogen, This regressi_on coefficient
by2 is also a linear term and perrn-its positive fertiLizer response for
ihe same reason set forth for by1. The regression coefficient by3was uss¿

to predic'b the ¡rield from the squared terrn of phosphate application.

Thls regression coefficient by3 perrrrits negative fertilizer responseo Due

to the nature of fertiLízer response, it woulci be exnected that as a

nutrient is applied at h:igher and higher rates, its effectir¡eness is re-
duced or it nay even cause an actual yield reduction" This term allorrrs

for a djs-i¡ishing total product or yield. rt is to be noted. that with

high rates of phosphate, this squared. term ca¡r irave a greater rægative

effect on predicted ¡ie1d than the corresponding positive regression co-

efficient by1 has on the predicted Jrield" The regression coefficient by¡
i-s used to estimate the yield from the squared term of applied nitrogenu

This also perm:its negative fertilizer responseo Dinrinishing total yield
trith high rritzogen applications can be explained by- lodgÍ-ng, d,isease,

suscepti-bility etc, due to the lush gronth promoted by the application of
this nutrient" The regression coefficients by3 and by¡ pernit a currri-
linear response that wiJ-l indicate dimi.nishirg or increasing yie1d" The

-12-



regressÍon coefficienl bV5 represents the slope of the yield response

curve due to the mutual effect of nitrogen and phosphate being appJ-ied

sfungltaneouslyo Tt allows positive yield response because when nitrogen

is increased there i.¡ill be sonÊ increase in the phosphate requirement'"

If this requirement is met, a slight lcield increase can be eneounbered'

The regression coefficients, coefficients of deterr¿ination and

regression equations are listed for the Cobb-Douglas function, Quadratic

firnction and Quadratic fu¡ction incl-uding the inberaction term j-n Tables

ó, 7 and B respectiveþ" The indi¡ridual regression coefficients were

tested for significance lrith the t-test and the significance is indicated

in eacir tdrle, The coefficient of determinatfon (R2) shows the percent-

age of irariance in yield explained by applicabions of the two nutrients,

The significance of the coefficient of determination was deter¡ained and

Ís indica-bed in each talcle. Ari o:cairple of the application of the

coefficient of determination is sho¡.m in Table B with Farrn 2, th"37 per-

cent of the variance in yield is explained by the application of nitrogen

and phosphate"

Farms 3e h and 10 did not exhibit significant coefficienbs of

deternúnation r,rrith any of the three production functions, i"eo the regres-

sion equation nas not considered satisfactory for predictions. Thi's

verifies Table 2 and h which show very erratic ferbil-izer responses on

these tirree farrns explained by the past nanagement prac'blses previousþ

outlined"

The most irrportant inforrption revealed in T åles ó, ? and B is

that the coefficient of determination for each far:n r'ias highest rrith the

-33-
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Quadratic firnction including j¡rteraction and lowest with the Cobb*

Ðouglas fi¡nction wíth one orceptíonu TL€ Cobb.Ðouglas funct'íon ¡ríLL noù

pern-it dimirulshÍng total ¡nield as shown by the work of Heady et al- (fO).

lühi1e the regression coeffi.cienÈ for the j¡teraction NP was sigulficarrt

onl¡r on Farms 2 and 12, there was su-fficient interaction to show the

highest coeffíclent of determination i,rith the ü¡adratic fr¡nction includÍng

Ínteraction over the Quadratic functíon ignoring i-:ateractíon" A conpari-

son of the Q¡adratic function ignoring interaction. A comparison of the

euad,ratic function including interaction and the Cobb*Ðouglas firnction

wil-L be ûiscussed, in more detail with reference to Farm 8"

Discussfon of the Q¡uadratic function i:rcluding interaction
as qpplied to ¡rie1d predictions

-37*

According to the nature of ferti-Lizer response it is ex¡pected

that b¡r1, W2e and by5 witl be positive and by3 and byh will be negative'

Or¡ sorrc of the farms stud:ied howener, variations occurred i¡ the signs

of the regresslon coefficients of the derivedequations because of differ*

ences Ín genetic soil t¡pe and soil nenagerpnto

(a) Predicted, oat y:ield respo¡rse to applled nitrogen

fhe nitnogen response of oats T,ras very significant at the Sit l:evel

on the najority of the fanns. The regression coeffÍcient þ2 was

positive on ¡11 farms and the regressíon coefficient byl* was negative

jn a1t cases except Farrn h" the preùicted response curves in Elg:rrre 6

j¡dicate the high nitrogen response on oat ¡rields, These response curves

shoir diminfshSng returns at the hígher nitrogen applications exeept Farm

l+ which shows increased response r'rith the last nitrogen fertilizer i¡r-

crement" Farm 3 ís the only farm showiag dinrinishing total yleld"



Table B and Figure ó indicate that Farm 5 shor'¡ed the greatest response

to nitrogen applicationso l¡lhile the check yields varied on farrns 2, 6

and 7¡ these farms exh:ibit sirnilar nitrogen response curves (slopes)"

Farm 6 hIaS on calcareous Black-Ivieadorr¡ soil and far-ms 2 and J were on

BLack-!íeadow soils and the latter two farrns r'¡ere located on the same

quarter section, À11 three farms also Shot¡ed some degree of erosiono

This shows that sojj-s wlth sirni-lar genetíe type and degree of erosíon

react similarly to nitrogen applicatlons"

(b) predS-cted. barley yield response to applied nitrogen

The nitrogen respor¡se of barley was not as large as that of oats as

Èho,¡rr byttre regression coefficient by2 was si gnificant on only farms B

and 1l+* All farrns had a positi-ve regression coefficient by[ except far"ms

B and 1l+, Therefore it'nould appear that the rates of nitrogen applica-

tion were only carrj-ed far enough on farrns B and th to gÍ-ve a ma>ci¡mrm

¡rielcl responseo The regression equations in Tabl-e B a¡d the nitrogen re-

sponse curves i-n Figure 7 show that farms IL and 13 which are situated

in close proxi-mity on Black soÍls have a very Si.ITiilar nitrogen response

curve (slopes) 
"nd 

shon a large nitrogen responseo Farms B and 1l+ situ-

ated on Blaek-P.iead.ow soils have a very sirnilar nitrogen response eurve

(slopes), This i-s in keeping with the resu-1ts obtained r'rith oats on the

sare genetic soil. tYP*o

(c) rre*icted oa-b and barley yield response to applied phosphate

The phosphate response varied. considerabþ aJnong farms as indicated

by the regression coeffj-cients by1 and by3 shown in Table B. oats and

-38-
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barley regression coefficients by1 and by3 i.¡iIL be discussed together

due to the fact that there appeared to be little iLifferenee Ín the

phosphate response pattern of the two species.

gnly three fanns exhibited significant positive regression co-

efficients byl and these three farrns also had sign:ifícant negative

regression coefficients by3 whieh show that total dinrinishing yields

had occurred with the phosphate application" The only other farm that

had a significant regression coefficient bF, was Farrn 2 and this coef-

ficient was positiveo du-e to the high phosphate requirement of this

poorly draj-ned cJ.ay soiJ-*

The phosphate response Ïras not graphed for al-l farms but it was

found by studying Table B ttrat the phosphate response curves could be

divided into two gr.ollpse i.€o those on which dindnishing total ¡nield

had occurred and those on which this was not the caseo On farms Lt 2t

T, 5, 10 and 12, the nìåJ(iJfiurr response had not been reached r,úth the 30

por:nd application of phosphate and the response curves (slopes) were

sjmilar, Farn 12 d:id not shor,r the initial yield reduction that' r'¡as ex-

hibited by Farm 2 in Figure B. The other four farms show sj¡¡rilar yield

response curves (slopes) to Farrn 2u Farms 2 a¡rd f were situated on

Black-Meador¡ soils and the other four farms were situated on clay texture

soils as indicated. in Tab1e ]-e The former t¡¡o farms had a high water

t Sle and the latter four rnrere poorly drained therefore, it would be

expected that calcium salts ¡rould be at or near the surfacen These soj-l-s

would be ercpected to show response i¡ith increasing phosphate application

due to the tie-up of phosphate by the calcium'

-LJ.+t
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The remaining eight fanns alL showed dínrini-shing total yieldo

Farms 3, br 9 and IL showed very lítt1e response to phosphate nhile

farms 13 and th exhibited intermediate responseo Farms 6 and B shol¡ed

the greatest response to phosphate fertilizer as sho¡nm by their response

curves. Farms 6 and B were situated on calcareous B1ack-Meadolr and

Black-liþad.ow soils respectively which shol'red sli-gh-u to moderate erosion"

S.oils that were moderate to riell drai¡ed did not show high response to

phosphate fertilizer, Therefore, the phosphate response r'ras greatest

where due to poor drainâge¡ high rruter table or erosion, calciurn carbon-

ate and. possibly other calcium salts were at or near the surface" The

calculations for the farzns shor¡r in figures 6, ? ar¡d B are shown in

(iv), (v) and(v:i)"

Discussion of predicted yield response curves with the Cobb-
Douglas func'i:ion and Quadratic function inclucLing interaction

One farm was chosen to discuss the rethods and princípIes involved

in estimating economic fertilizer rates and nuÈrient combinations. The

use of more than one farm in this section r+ouId conplicate the discussionu

Farrn B was chosen because it was representative of Black-Irreador',i geneti.c

soil type and four other farms of thÍs sallp genetic soi^l- t¡npe were inclu-

cÌed in the project" Th-is farm also exhibited average response to the

two fertilizer nutrients tested"

(a) Predicted yielcl response curves Ìrith the Cobb-Douglas function

Figure p shows the yield response curves predicted þy the Cobb-.

Douglas function on Far:n B T,füth varying rates of nii:rogen ¡thile phosphate

-ù3-



hras held constant and Figure 10 shows the ¡nield response curves predie-

ted by tlre same function r¿ith varying rates of phosphate r^¡hile nitrogen

r¿as held constant. The tables showing the calculated values for these

figures azre included in Appendfces (vii) and (uiii).

Fígures 9 and 10 shor+ a defin-ite yíe1d pattera" I¡rirh"ile no

specific Ínteraction regression coefficient was used in the Cobb-Douglas

function, lnteraction -w-as evidenced by the increasing divergence betr¡een

the curves as n:itrogen was i¡creased from 1 pound to BO pounds. fn

Figure pr an exang:le of th-1s interaction was noted by the ¡nield d:[ffer-

ence between the yield curves r¿here phosphate was held constant at 5 a¡rd

10 pounds per acreo The yield difference at I pound. of n:itrogen per aere

was 1.83 bushels per acre while at Bo pounds of nitrogen per aere the

yield difference 'Fras 2u52 bushels per acreo Therefore, the interacti-on

accounted for approxÍ:nately 0.7 bushels per acreê

ïn both figures 9 and 10, diÍÉnishing returrrs were taking place

as the rates of application were increased as shorm by the narroliing of

the qpread between the constant rate curves, In Figure g, at the hO

pounds of nitrogen per acre the spread A to B between the curves shov¡n

by the constant rate of 5 and 10 pounds of phosphate per acre was 2,1+o

bushels per acre whj-Ie the spread C io D between the eurwes shov¡n by the

constant rates of 25 and 3O pounds of phosphate per aere r,rras O"?5 bushels

per aere6

The Cobb-Doug1as function does not perrait diminishfng total yield."

It lrould appear from this funetion that if fertilizer rates ruere conti¡ru-

e]]y j-ncreased, the yields r..rould continue to increase at a dÍ:ninishing

"l+b*
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rate6 The actual yield data shoned that this was not the case@

(b) predieted yield response curves with the Quadratic function
including interaction

Figure 11 shows the yield response eurves preiLicted by the

Quadratic fl¡nction including i¡teraetion on Farm B r'rith varyÍng rates of

nitrogenluhile phosphate was held constant and Figure 12 shows the ¡nteld

respoïlse curves predicted by the same function l'¡ith varying rates of

phosphate while ni'brogen r,ras held. constant. The tables showing the cal-

cuþted values for these figures are included i¡ Appendices (ijc) and (x)'

The pr.edicted yield data pattern shor¡n in figures 11 and 12 was

considerably different from that in figures p and 10" The interacti-on

of nrtríents was very ev:ident especialty at the hígher rates of ferbili.zer.

In Figure 11 the i¡rteraction was shown by the greater divergence between

the yield cur\¡es as the nitrogen r¡as iJrcreased' from 0 to BO pounds per

acreô The sane example will be chosen as ?Ías used with the Cobb-Douglas

function, i.e. )rield difference between the yield response curves where

phosphate nas held constar¡t at 5 and 10 pounds per asre" The ¡rie1d dif-

ference at 0 pounds of nitrogen per acre was 2uh9 bushels per acree r'¡hj-Le

at BO pounds of nitrogen per acre the ¡rieId differenee was l+'05 bushels

per acre@ Therefore, the interaction aceounted for approximately 1"5

bushels per acreo

The Quadratic function i-ncludlng interaetion shows t'hat one ele-

nænt alone or the two eLements in i-mproper balarrce reduce the yield" As

the two elements conrbine in more balanced ratio the yield increased due

to the interaction of the elementsu This was shown by the convergence

-h?*
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of the curves exhibited by the 25 ætd 30 pounds of phosphat'e per acre

in Figure 11 and the 60 and BO pounds of nitrogen per acre in Figure

12" Dinúnishing returns r1,ere taking plece as the rates of application

were increased. as shor,¡n by the narrou-ing of the spread betl¡een the

constant rate curveso In Figure LL at the )io pounds of nitrogen per

acre, the spread A to B between the curves sholrn by the constant rates

of 5 and 10 pounds of phosphate per acre hlas 3,27 bushels per acre

r¡hile the spread D to C between the curves shown by the constarrt rates

of 25 and 30 pounds of phosphate per acre hlas 0.BB bushels per acre but

at tt¡-1s point t,ine 25 pounds of phosphate per acre produced the hÍgher

yield,

The Suadratic fu:rction indicated diminishing total yield as

shor.rn by aJJ- the curves in figures l-L and 12"

Therefore, th Quadratie firnction fits the ac-bual data better

than the Cobb-Douglas function, The coefficient of deternrinatj-on for

the Quadratic function with j-nteractj-on ïras 0.9201 whjl-e that for the

Cobb-Douglas function was O.88?lr" Therefore, greater confidence could

be placed on yield predictions made from the Quadratic equation includ-

ing interaction"

.After coïïparing the response curves and the coeffi-cients of de-

terrni¡ration of the ti¡o functions, the Quadratic firnetion incluùing

interaction lras chosen to determlne the economlc opti-nra of fertilizer

-l+9 *

applícati-ons,

T¡l order to prove that the Quaclratic function or equation ilid fit

the data, Figure 13 was macle in whích the nean yie1.ds of the actual square
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satq)le Ìrere compared rrrith the predieted yielcl curve with the same

quantity of fer-bilizer nutrients* The graph showed that the pneclÍcted

¡nielo curve fits very closely to the actual mean yields of the harvested

replicatesa

Tield isocluants and their sigaificanee

The method- used in anal.¡sing the yield data was patterned after

the'.^rork outlined by lleady et al (fO)" A ¡rie1d isoquant is a contour li:re

which Índicates all- of the possible conbinations o-f the two fertility
elements lrhich i,ilJl produce a given yield" In Figu-re 1l+, six yield iso*

quants are shown and the nunbers on each isoquant represents the yield

levelu The yield i-soquant equation was derived from tlre following regres*

sj-on equationg:

(1) T * a +. bylP + by2lil + hy3PZ + by¡N2 + by51[P

The ísoquant equ-ation was derived so that ihe amount of nitrogen

requirecl to combine with a given arnount of phosphate to produce a speci*

-rfied yield could be calcuJ-ated,

The following is the isoquant equations

s \! æ

(2) N * -(bye* by5P:} t

The regression coefficient (by)

B along r^¡j-th the various yield S.socluant

phosphate (P) r.rere inserted in equation

rates of nitrogen requj-red. The rate of

2 byh

values

values

(2) to

for Farm I given in Table

(T) anct varyi:rg rates of

predict the corresponding

application of nitrogen required
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with a given applicatÍon of phosphate to produce a given yield is

shorrn in Table 9" The negative slgn in front of the square root was

disregarded because it did not apply j-n this câsêo Table 9 shor,rs that

a 25 ¡ushel per ae.re yield cor:lrt be obtai-ned by the fol-l-owing combina-

tion of nitrogen and phosphate: 3ól+ pounds of nitrogen per acre and

18 pounds of phosphate per acre or 36"8h pounds of nitrogen per acre

and 3,5 pounds of phosphate per acreo

Ser¡eral facts are noted by stud¡ing Figure th" Diniinishing

returns Lrere noted. by the fact that isoquarrt lines representi-ng equal

ínererents of yield (20, 22"5g 25 etc,) move farbher apart along any

straight line through the origin e.go line CK showing that Íncreasi-:rgIy

larger quantities of a fjxed" fertilizer Íri:cture are necessary to attain

equal increments in crop yield" l,ine CIt has a fixed nutrÍent N/n2O5

ratio of 2"5o The isoquants also shor¡ that as b-igher yields are attained,

the margi¡al rates of substitution l¡etr^reen phosphate and nitrogen changed

along the fixed nubrient ratio 1ine, e"g" line Ol(' Tn other nords, the

slopes of suceessively higher isoquants a¡.e different at the points 'Lrhere

they are intersected by a straight line through the origil* Tkris change

in the slopes of the field isoquants indicates that the combinations of

nutrients which gave the lor¡est cost for one yield level are not the

same as for a higher ¡rie1d 1eveI, Tlrís wÍll be discussed ín the next

section. The least cost combination would noi be the same for yields of

25 and 32"5 bushels per acrea This is siror¡n i¡r Table 10o

The graph shows that the 20 bushel yield could be attained by the

addÍtion of only one rnrtrient either nÍtrogen or phosphate while the

*2)^
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22*5 bushel yield can be reached by using phosphate onJy but no amount

of r::itrogen could produce thÍs yield without the addition of at least

1 por:nd of phosphate, The other four yields in the figure can be ob-

tained on-1¡r j¡i¡¡ some rnin-i-mum qr:antity of either nutrient, The ends

of the ¡nie1d isoquants give the limits in nrtrj-ent substítution" The

graph shows that the ¡ri-eld isoquants becone shorter with the higher

yields indicating the range of nutrient substitution is much reducedo

According to Heady et a1 (fO) tite nraximum ¡ield wiLL only be a point

and there can be no substitution of nltnrgen and phosphate because only

one combination of r¡¡trients could pr.oduce this fieldo

Derivation and nature of isoclines for Farm B

Tn order that the econorni.c optima of fertilizer applj-cation could

be calcuLated, ít r.¡as first necessary to calculate the margilal rate of

substitution r*hich shows the number of por:nds of nítrogen replaced by

one pognd of phosphateu The marginal rates of substitution are shorrm

jn Table 9" The equation used to calculate the marginal substitution

rates l,¡as the derivative of the regression equation"

The derivative equation j-s as fo].lows:

*57 *

by1+2byhN+by5p

Ttre phosphate and n:ltrogen appJ-ication r abes in lable p were j¡serbed

fn the equation along with the regression coefficient values" The re-

sulting negative figures are the substitution or replacement rates for

9S*-
dP

these nutrient combinatj-ons. The term

byt+ 2by3e+UyStrl

dN
dP

refers to the slope of the



isoquant curve at each specific nu'brient combination, To explain the

d.erivative, an exarple will be used" Referri:rg to Tab}e 9t wlt'Lr L2

poirnds of phosphate and 18.?2 pounds of nitrogene a yield of 2lJ bushels

per acre could be produced" The d.epivative at th:is exact point is -2"0O

or the slope of the isoquarrt curve is -2"00' This ÏÞans that at this

poÍ-nt one pognd of phosphate can replace or subs'bitute for two pounds of

nitrogen in producing a yield of 27"5 bushels per acree

Figure il+ sho¡^rs three isoclÍnes for barley" .An isocline is a line

j¡dicating points of equal slope on successive yield isoquants" In other

hrordse it really denotes polnts on all yteld isoquants where one pound

of phosphate l¡j-l1 substitute for a constant quantity of nitrogene

Econornic optinra for ferbilizer application

Ttris sectj-on is divided in two sections:: First, the least cost

combination of nutrients takes into consideration only the cost of fer-

tiLizer nutrienb combina'bions; Second, the most profitable applicatíon

of nutrients takes into account both the cost of fertilizer nutrient com-

binations ancl the price of the crop produced.

(a) Ieast cost, combinatj-ons of nutrients

Table 10 shows the figures whÍch maice up the isoclines and repre-

sent the co¡nbinations of ferti-lizer nutrients that nirrirn:ize the fertilizer

costs per specified. yield le¡¡el for {i-fferent' price ratios" The most

economic combination or least cost combination of nutrients occurred at

the point on tire isoquant where the marginal rate of substitution is

equal to the inverse price ratio of nutrients" If phosphate is half the

*JB*



price of nitrogen, it v¡orld be logical to erçect that the point to

choose for the most economic combination of nutrients wjJ-l be where two

pounds of phosphate replace one pound of nit,rogen" The isoclj¡e

S. = .OB = ,57 shows all points in the nutrient plane ¡ohere 1 por:nd
Np :T[-
of nitrogen l,¡i'l'l replace .5? pounds of phosphate" lP is the price per

pound of phosphate and 1þ is the price per pound of ni-trogeno The above

is the actual present price si-tuatj-on of the two nutrientso If the

price changed as in the situation Þ=.gg = 1.0, the line so marked on
I\P .oö

Figure il+ w'jL] inclicate aLL points r,¡here one pound of nitrogen ioill- re-

place one pound of phosphate" The 1,75 isocline indicates all points

r¡here one pound of nitrogen ïii'ìl replace 1"?5 pou"nds of phosphate" Table

13 verifies tlrat the least cost cornbination of nutrients for a specífic

nutrient price ratio occìtrs at the point wìrere the isoclj-ne intersects

a particular yield isoquantu An exanple is shown in Table 13 when

phosphate Ís $|;0"08 per pound and nitrogen is {ii0"1h per pound, the least

eost applicatÍon was $3"21+. This ïIas a combjnation of 13.il1 pounds of

ni.brogen and t?,h9 pounds of phosphate and it is noted in Figure lL that

this is the exact point -vrhere the 0.5? isoclíne intersects Ljne 27"5 bushel

yield isoquant, The other exan4:le in Table 13 also verifies the sarne

point"

The practical implications of this section are verlr important.

For profitable returns from fertilizer, the fertilizer raixture ratios

rmrs.b be altered with changes in soil conditions, changes j-r¡ the cost of

the individual nutrients as 1üe11 as ehanges i:r the yield for lthich the

farmer is airning. The fertilizer mixture ratio refers to the ratio of

^59*



nltrogen to phosphate in the fertilizer. For exalple, ammonium phos-

phate (11-[B-O) has a nitrogeffihosphate m:ixture ratio of 0"23 and

ammoni.um phosphate sulphate (fó-ZO-O) has a nitrogen/phosphate mixture

ratio of O'BO" Phosphabe gives tire greatest response at the lower

yield levels bu-t hearry applications of nitrogen are required to reach

the high yield leveIs" Thfs is rrery noticeable in Table 10 where the

nítrogen/phosphate rnixture ratio changes frorn 0"23 at the 2!.0 bushel

trieId leveJ. to 1"83 at the 32.5 bushel 5rie1d r+hen the nitrogen to phos-

phate inverse price ratio is O"57, This same trend Ís notÍceable l¿ith

the other two price ratio situa-bions. Another significant poi-nt in

Table 10 is that the nitrogen/phosphate rrixture ratio increased as the

price of nitrogen is decreased in relation to the price of phosphate'

The nitrogen/ptrosphate mixture ratio tor 25 bushel per acre ¡rteId

charrges from 0,23 to O.BB rnrhen the inverse price ratio of n:itrogen to

phosphate changes from O"57 to I.75 respectively. Table I0 also showed

that approxi:nately three times as rmrch fertilizer is required to produce

a 32"5 busheL per aere yield as a 25"0 bushel yield" The total pounds

of fertilizer required to prod-uee the same specÍfied yield with the dif-

ferent nutrient príce situations is nearly equal, ê€u the total fertil-

Ízer to ¡roduce 27"5 bushels per acre in Llne O"57s 1,0 and 1"75 inverse

price ratio group are 30.63, 29"7li+ and 30.11+ pounds per acre respeetively'

(b) Most profitable applica'bion of nutrients

The quantities of ferbil-j-zer derived in Table 10 provide the basis

for specifling the optÍ-munr nutrient eonbi¡atíon for a:ry yield 1ei¡el and

-óo*



the optimum rate of fertilizer appu.cation, This section specifies

the quantities under vartous price ratios for a farmer who has unlimited

capital. This sectj-on aJ-so outlines a method to simul-taneously detenruine

the optirmrm combination of nutrients and the optinmm leve1 of applieation.

The exact ferbilizer comJrination can be solved by setting the partia-1

derivatives for both nutrients equal to their respecti.ve nutrj-ent barley

pri-ce ratios and solving simultaneously forbhe quantity of the nutri*

ents to apply for rnaximum profits, The partial derivatives frrom the re-

gression equation are as follons for nitrogen and phosphate respectivelya

-6L*

The partíal d.erivative considering nitrogen holds the phosphate

applicati-on constatrt anct the parbial cieri-vative consiclering phosphate

holo1s nitrogen constant. In this way when the two equations are sol-ved

sim¡ltaneously the optimum quantity of both nutrients in combination are

deternrined"

The actual ecluations used in the sinnrltaneous solution of the

equations are as follor,rsa

9# = o.23\g * 2(-o"0025)rri + o"oo3g p * lh.6t\ ffi

g
6N

= by1 + 2 byh N + by5 P

# -by1+2by3P+by5N

ág
6P

Np

Pp

Bp

* 0.B1LL + 2(-0-o208lp + o"0o3g N * Ip

= price nitrogen per pound

= price phosphate per pound

E price barley per bushel

Bp



The simrltaneous solutions of these equations are given i-n

Table lJ- for sjx different price situatj-ons listed as situations A to F

inclusive* The optirnrm yields for price situations A a¡rd B are found

on the 0.57 isocline r,¡h:ile the optimun yields for price situations C

and D are fou¡d on the 1"0 isocline and that of E and F are located on

the 1"75 isocline" The optimurn rates of application of nltrogen and

phosphate deterrai-ned by the sirmrltaneous equations 'were inserted in the

regressíon equation to detern-ine the optirmrm yields reported in Table

11"

Ïriith price situation A, the sirrultaneous solution of these equa-

tions shornrs that 53.02 pounds of fertilizer should be used including

32.6 pounds of nitrogen and 2O"L\2 pounds of phosphate, The changes jn

ferbil-izer applications with the various price situations are shown in

Table 11, trrlhen the price of barley decreased frorn 90 cents per bushel

+,o 6 cents per bushel, the optÍrmrm yield moved from 32"O8 bushels to

28"35 along the 0.57 isocli-ne, in other words i.ôth the JJ percent drop

in barley prices the optinnun ¡4e1d to aim for was reducedu By studying

price siÈuations A arid B ¡¡hen the barley price decJ-ined 33 percentr the

total usuage of fertiLizer should decli¡e by 38 percent" The input of

nitrogen should decrease AV 5h percent and the input of phosphate should

decline by on]"y 13 percent, A basic amount of phosphate ¡.¡as required

and, being the cheaper element, phosphate worú-d not be reduced as rnrch

as rritrogenu îhe decline of 33 percent in barley prÍce from sj-tuation

C to D shows that there should onJ.y be an 18 percent reduction in the

total fertilizer usageo The input of n-itrogen should be reduced by 22

*62*
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percent and the input of phosphate should decline ! percent' !{'ith the

reduction in the cost of nitrogen and thus tota-l cost of fertÍlizeru

the optirmrm yield did not need to be reduced as much between situation

C a¡d D as it needed to be between situations A and B, The ferbilizer

ínput aLso did not need to be recluced as much fu the case of total

pounds or in the case of each individual elernent" The ratÍo of nitrogen/

phosphate decreased with the decrease in the price of barley but onJy at

price situation B roas the ratio less than 1"0 or, in other i,uords, was the

phosphate application greater than the nitrogen applicationo The nitro-

gen/pfrosphate ratio increased as the nitrogen became cheaper and phosphate

more expensive as shown by the change in the ratio from 1,6O in price

situatlon A to 2"28 in price situation Eo The mtrogen application

r¡aried a great deal more than the phosphate application because the crop

appeared to har¡e a basie phosphate requÍrenent and nitrogen applícatíon

appeared to be the nutrient required in large amounts to induce the tr-igh

yields" The price situation A represents the present ¡rrice situatj-on of

phosphate, nitrogen and barley while price situation B represents the

present pri-ce situation of phosphate and n:itrogen but the price of barley

i^ras reduced by 33 percent to 60 cents per busheln

Table 12 on economic production lovels was included to show that

the information included j-n Table lL could be r'¡orlced out by findÍng the

point '¡rhere rnarginal cost equals marginal revenue, Irr Taþle 12 the

nitrogen applicatiorìs r¡rere varied whíle phosphate applications were held

constant" The most eccnoini.c production is r^rhere the va-lue of the pro-

duction of the last increnpnt of fertilízer is equal to the cost of the

*óh*



last increment of fertililzero By stuclying this econorn-ic productÍon

taþ1e, the most econornic productÍ.on leveIs occur wÍth each constant

rate of phosphate application or i¡r other worcls there are seven combj.:n-

ations of fertilj-zer that can be considered most economic" i'then barley

is worth 90 eents per buslreL an econom:ic yielO is betr,reen 31.63 and

33.05 bushels per acre and the nitrogen appli.cation l-ies betr,¡een 30 and

LO pounds per acre j-n combination ¡,¡ith 20 pounds of phosphate " This

corresponds veïy closeþ to the fertilizer combination and ¡ie1d i-:n

príce situation A fu Table 11, Hhen bartey is t¡orth 60 cents per bushel

an econorrle yield is betr.¡een the 26"67 and 28.90 bushel per acre and the

nitrogen application l1es betiveen 10 and. 20 pounds per acre in combina-

tion I'iith $ pounds of phosphaten This corresponds very closely to the

fertilízer combination and yield in priee situation B i,n Table ILo The

nethod using the partial derivatives i-n sinn:ltaneous equations is a more

direct nrethod and lends itself to price changes of both nutrients and

crops lsithout calculatíng tables such as the table of Econonric Prod.uction

levels *

Table 13 sho¡rs that the least cost combinations of ferti-lizer

nut¡ients for a specified yield verify the results jn Table 10, When

phosphate and nitrogen are B and il+ cents per pound respectively, a

combj,nation of 13'il1 and 1?'l+9 pounds per acre of nitrogen and phosphate

respectively is the least costl-y" lrlhen phosp¡ate and nj-trogen are th

and I cents per pound respectively, a eombination of 1?.30 a¡d 12"81+

pounds per acre of nitrogen and phosphate respectivel)t i" tire least

cost combi¡atj-on,
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Table 12: Economic Production
(Cost Of Nitrogsn = {$0.1h
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Fertilizer rates cannot be recomnended from the analysis carried

out on Fann B but bhe rnaÍl purpose of this analysís was to shol¡ that

this methoct will r.rork with Manitoba conditions and cropsø }Ieady et a1

(10) stated that the practical appli-cation of this type of analysis is

important due to the fact that the fertjJ-izer recolnmendations need to

vary with the eapital leveI of the farmer as trell as the soi1" I{hil-e

the econorn:ic optina is for conditions of ur¡limited capital, the data

derived is of the kÍnd that is useful to farrners regardless of their

capi'i;al positiono The data are nore usefiú- to farmers with linlted

capital than for those with unlimited capitalo The general recommenda-

tions can be more satisfactorily used for farmers aim:ing for high yields

because the isoclines tend to converge at the high yields and the speci-

fica'bions of numerous possible nutrÍent combinations for yield of 32.5

bushels of barley gave somewhat sirnilar costs ìrecause in Table p there

is only a rarìge of 16 pound.s of nitrogen per acre and. 6 pounds of phos-

phate per acre to produce thís yie1d" Hotrever, for medium yields, the

isoelines are farther aparb and the isoquanbs have greater curvaturen

Tn TabLe ), lor a yield of 25 bushels per acre there is a range of 33

pounds of nÍtrogen per acre and 1! pounds of phosphate per acr€' There-

fore, choosÍrrg ùlfferent conbinations of nutrients to produce a medium

specified yield could. make a very great difference j-n the cost of

fertilizer. Therefore, exact principles outU¡red in thís method can

give considerable gain over general recommendations r,¡hich rnight lead to

nutrient combinations near the end of the isoqr:antso Therefore, the

optimum quantities of fertilizer and optir,um eombinations of nutrients
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as shotrn in Table l-L can be of greatest value to farmers with Li:nited

capitalu

This section points out that econo¡ric ferLilizer recornmendatíons

rm¡st be baseci on the soil condi'bions, price of nutrionts and price of

cropso Econonric nutrj-ent combinations and rates of application will

change with changes in soil conditions and price fluctuations of both

nutrients and croPs"

LASORATORT TNVESTTGAT TONS

Surface soil sarçles were taken from the experimental fields

during the zurmer for the laboratory inrrestigations. The soil- samples

were taken to a clepth of six inches at ten locations on each side of the

fertilized strips. Two composite sarçIes ruere nøde representÍng each

side of the ferti}lzed stripsu These conposite soil samples were air

dfied j¡c the laboratory. The samples trere then cmshed to pass through

a 20 mesh sier¡e and placed in glass iars" The availabLe n:ltrogen r'ras

determj-ned by two rcthods which are described belowo

fncubation Method

The available nitrogen hras determined by the incubation ¡ebhod

outlined. by Stanford and. Hanway (f5) witf, rninor modifications' The

method is described' in cletail' Plastic vials' 2l+ mm' in ùlarneter and

95 nmr" in length r¡ere used for incubaiion of the samples" A hole , Ift6

inch in dia¡reter was drjJ-Ied in the bottom of each vid, and a hole /B

inch in dj-ameter in each metal cap to perrait aera-tion of the soÍl during
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incubation, Smex wool pads approximately 5 rnrno in th:Lckness were

placed. in +,he bottom of the vÍaI to cover the holeu About 1/2 inch of

plaster grade vernicul:ite i,¡as placed on top of the p¡rrex wool and

tapped. doi,,rn gentlyn Ten grams of air dry soi1, mixed with an approxi-

mately eqlial volun'e of vermlcullte was plaeed i¡r the víal and tapped

gently. The sample i^Ias then leaehed r,rith 20 mL" of a Krilium ó solu-

tion and al1ot¡ed to stand for at least 15 núnutes before appl;rlng

suction to conplete this leactr-ing as outlined- by Munson and Stanford (13) '
Ileaching was then continued r,rith t-n¡o 20 m1-. portions of distilled water

allowing each portion to leach through before addlng the next portiono

S¿ction was again applied to remove the excess r'¡ater pri-or to incubatj-on.

The vials were incubated in a huraid incubator controlle¿ at 35" C. for

th d.ays ancl then oiren dried. at Joo C. for 2l+ hours. The soil and

verniculÍte mjxture ï^ras shaken out of the vial. and suspended by rrigorous

stirri-ng in 100 nil" of 0"1 percent C@H)2 solutionn The suspensÍon was

filtered a¡d the nitrate content i,¡as detemrined eolorirnetricaLly using

phenoldisulphonic acidu The resul-bs Ì.rere e4pressed as P"P"M' nitrogen

as nj-trates and a1-so pounds of nitrogen per acree

The leachj¡¡g procedure lúas ver1r slow i,,iith all soils, espeeially

the elay soils and therefore, suction was applied to leach the sanqrles.

The addition of the l(rilium ó resulted in a clear non-turbid leachaten

Suspending the soil-verraiculite rnixture in dístilled water instead of

leaching, ÏÍas more rapid unless specialízed equiproent was adapted as

outlj-aed by Stanford and Han',iay (15) " Tn ord-er to be able to shake ihe

soil-vernrlcuJ-ite ndx'¿ure from the vials after incubation, the vials and
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scil had to be dried in the oven at 70" C" Besides onabling the dried 
,

soÍI*-r¡ernúculite mixture to be removed frorn the via1, it perrÉtted

storage of the samples lrithout further nitrification taking place,until

tirey could be analysed,

.A.Lkaline Permanganate I'{ethod For Detersriruing Avai}able Nitrogen

The available rritrogen lias deternined by the alkaline pernangan-

ate method outlined by Truog (1f) with ralnor modifj-cations' Th:is

method is described in detailu Ore-half gram of the 20 mesh soil was

plaeed in an B0O c.c" I(jeldahl ilistill-jng fIask" One-quarter of a tea-

spoon of a nr-ixture consisting of 20 parts of potassium perroanganafe and

B0 parts of antrydrou-s sodÍum earbonate was add.ed, The nethod was al-so

caryied out with one-haIf teaspoon of the ndxture a¡rd the resul'bs with

both quantities of the reagent ¡rixture are shotrn in Table th' 'then 150

ml, of anrnonia free wateï Ìrere added. ruashing down any soil or reagent,

nixture sticking in the neck of the flask" A smal1 piece of itax (pea

size) '¡ras ad.ded to prevent foamilgu The flask ltas then placed on the

Iijel-dahl distíllation rack" The electric elenents had been preuiousLy

heated to enable the contents of the flask to corne to a boil in exactly

five nlnutes" The boiling Tras continued for exactly five rniriutes. The

distill-ate, containing the liberated arrlmonia, was caught in 20 rnJ." of

ciistilled r,,rateru The distil-late was diluted to appro>ci-inately 50 n''1'

r.¡ith distilled wateru T¡io ml. of Nesslerrs solution was added and-bhe

solution r,¡as made up to lOO mI. The P.P"M" of available nf,trogen in

the fonn of anmonj-a was deterrn-ined colorimetricalþ'. The available

n-itrogen was also converbed to pounds per acre@

*fl'n



The soÍI san4lle size was reduced frorn one gram as outlined by

Truog (1?) to one-ha1f grarno This was necessary dr:e to the high nitro-

igen content of Manitoba soj.ls as coflpared to trrrisconsin soils where the

test was developed." The color developed by the Nesslerrs reagent was

too darl< with tire larger sample size' For the sa:IF reasgn it was neces-

sary to dilute the iListillate to 100 m1" Tt was found necessary to

maintain the same quantity of oxidizing agent Íilth the smaller sample

size because the quantity of oxidizing agent outlined by Truog (t7) uas

reduced before the d.istiLl¿tion was completedu This resulted in sini-

lar quantitÍes of available nitrogen for all soils" Io order to ensure

that there rllas sufficient oxidizi::g agen'b, the double qlantity was used

for colparisono

It r,¡as found. necessary to have all equiplïent free from anrnonia

beeause a very srûa-lJ- anourrt of contanrination caused erratic results"

The method could on-1y be camied. out in the la"ooratory when ar¡¡moni-a

corpor:nds were not being used"

Correlation 0f Yíe1d Response And Available
Nitrogen Determined Ïn The taboratory

: The resul-bs of the laboratory rrethods are shotm in Table ill* Tb

available nitrogen Ï¡as reported. in terrns of pounds of avaj-Lable nitrogen

per acre and th-is was calculated on the basis of 210001000 pounds of

soil, per acre to the depth of six inches. The resuJ.'bs sho'ls'n for the

allcal-ine pennånganate ne'bhod 1 and 2 refcr to the quantj-ty of avail-able

nitrogen released by one-quarter and one-half teaspoons of oxidizing

agent respectively" Farrns one to seven on which oats r,¡ere grolün r'Iere
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deal'b r¡ith separateþ from farms eight to fourteen inclusive on r.¡hích

barley iras grourß" Tleis ruas clone because the gror,rÍ-ng eonditions favored

the oat crop arrd a corrlmon basj-s of corçarison r.ras difficult to esta.blishe

The a"¡aj-labl.e nitrogen as determíned by thei laboratory method t.ras cor-

related l.iÍth the eheck yields" The check yield i,¡as chosen because it t¡as

fe1'c that this should be a measur:e of the nitrogen avajJ-able to the crope

Tlæ response to nitrogen on these farms rrras dete::r'rlined. by the yield ratio

suggested by Bray (3) " These yieId. ¡:atios are shor.¡n Ín the th:ird columir

of Tabl-e th and r¡ere included to confirro the fact thab the checl< yield

gave a satisfactcry i-rrdication of the available nitrogen in the fi-elds'

The yield ratio l^¡as calculated as followss-

ïield Ratic = Yield. in bus/acre in 19"2 1bs, P2O5 treatment X 100

,
ho, óc and BO lb, N treatment

The incubation method showed. that there Ìras a r,¡-ide variati-on in

the amou:rt of availabLe nitrogen in the soils chosen. The resul'bs range

froin a 1or,¡ value of 58 pounds to a hi-gh vafue of 239 pounds of available

nitrogen per acre'

The laboraíory resuf-ts re-i¡ealed that the two tests shor'¡ed dif-

fereni arnou¡rts of available nitrogen. the incubation. test showed lower

valu.es for e ach farrn than the alkal-1ne perrÌ¿rnganate method, The alltaline

perrrnnganate methodlshowed srnaller quairtities of availabl-e nitrogen than

the alkaline ¡e rmenganate method 2 except in the case of farrns 1 and ['

This i.ras probably because the greater concentration of oxidj-zing with

the method 2 ¡rould rel-ease more nitrogen' There hra's a very wide variation

al
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jn the arnount of nÍtrogen released by the double quan'bÍty of oxidizing

agent which was shom by largest j¡crease in Farm f from 186 to 3Tl+ pounds

of avaj-l-able nitrogen per acre, while i-n Farn 10 the change was onJ-y from

25l.+ to 25ó pounds of avail-able nitrogen per acre" This was possÍ.bly ex-

plained by the fact thaì; in some soils the one-quarter teaspoon of

oxidizing agent released nearly all the available nitrogen while in so¡rB

other soÍ1s there was suJfícient n:itrogen that the increased concentra-

tion of o>cidizing agent could release more nitrogen. It must be admi-bted

that this explanation is not verifi-ed in all cases because Fann p, which

was sibua-bed on the same quarter section as Fa¡m T did not show a great

increase of available nitrogen with the additional oxi-dizing agent,

The tes-bs for avaiLabJ.e nj-trogen should correlate with the check

yield before any degree of confidence coul-d be placed in them" The

correl-ation results are shown in Table 15. The correlation in Table 15

indieates bhat 'bhe checl< yield was related to the amor¡¡t of availabl-e

nitrogen" In the barley fields, the eorrela-bion of the Éeld ratio and

check y-j-eld was0"9079.. " In the oat fields the correlation of yield

ratio and check yield was onl¡r O,l+199 br¡t the check yield exhibited

higher correlation values r^rith the laboratory inethods than the yield

ratio exhibitedu The correlation of oat checlc yields and the j-ncubation

r,æthod results i^ras not significant as T.ras the case r¿ith the correlation

of the oat check y-ields and aIl<aline pertnanganate method I results. The

cheek ¡cleId and avallable nitrogen released by alkaline permanganate

metirod 2 were correlated at the one percent l-eve1 of significance" The

results of the methods did not correlate significantly except that the
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incubation method and alkaline permangante inethod 2 had a sígnificant

correlationn The correlation of the barley check y:teld andthe results

of incubatj-on r'ethod as weIL as the results of the alkaline pezmanganate

method 2 gave a negative coeffj-cient r'rt¡-iIe the correlation eoefficient

for barley check yield and ef-katine pennanganate method 1 was positive

but not significant.

The tl¡o alkaline permanganate methods did not, correJate sign:lfi-

cantlìf" The negative correlatj-on for two rrethods and 1ow corelatíon

for the a1kalj¡e perlnanganate method 1 j-n the barley fields are due to

i;he results from farms 10 and l-3, Farm 10 had the highest check yield

and lowest response to fertilizer but also had the least available

nitrogen as shown by all methods" This could possibly be explained by

the fact that this field had been brolcen out of pas'bure only five years

prior to the experÍment" The fertility of the soil r,¡as hígh as far as

yie1d tras concerned but the labor ai,ory mettrods did not refleet this

fertilityu Farrn 13 showed. the highest availabJ-e nitrogen uith two

methocls and- second highest i.¡ith the other but, its check yield was second

loi'¡est and its response to nitrogen rüas second highest" No explanation

can be found for this situationo The field had been broken out of

crested ¡,¡heat grass sod ten years previously ilut thj-s grass would not

have added any nÍtrogen 1io the sojLu Farm l-1 on the same genetic soil

type and situa-bed across the highway from Farm 13 exhíbited l-oro avail-

ability of n:itrogen in al.l nrethod.s but reacted sinrilarS;y to Farm 13 with

respect to fertilizer response and cheek yieId" The other barJ-ey fields

fell into a satisfactory sequence that could shornr high correlation
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coeffieients, Hgwever, these t¡ere not cal-cu-lated becau.se j-t was felt

that due to the unexplained condítions in Farms L0 and lJ, coefficients

ornit'bing them would be biased"

The alkal-ine permanganate method 2 appeared satisfactcry r,rith

the oat yield data bu.t it i'¡as not satisfactor¡r ¡tith the barley yielo

d.ata" The other: tno methods dj-d not correlate signlficanbly' t¡ith eit'her

oat or barley yield data. The al-ka]ine pennanganate rrethod is very- rapid

and. i,¡ould enable a great many saÍples to be analysed in a laboratory but

it was noted from the results that the tr¡o rnethods with varying amor.mts

of oxidizing agent ùtcl not co::relate,

Hanr^¡a)' and Duneiril (B) foirnd that past soil- ma¡agercnt and crop

rotations could not be overlooked in rnaJçing niirogen fertilizer rêcofl-

mendations" Fa.rrns 3¡ h and 10 showed. low ava-ilability of nitrogen but

their check yiel-ds were higho These fanus had legume forage crops in

their rota'cion which shor+ed- in the yield but was not reflected in the

avaifable rritrogen detertained by the laboratory methods*

I'rIhj-Le certaj¡ trends are shorm j-n the ¡ielcl rcsponse to nitrogen

and avai-l-abIe nitrogen in Table $, the erratÍc results indieated by thd

correlation coeffieients suggest that further field and laboratory norÌe

mrst be carried- out, before these tests can assume any practi-cal inportance

under Maniioba soÍl and climatic conclitions'

GBNERAL DTSCUSS]ON OF F]NLJ] A}ID T,/IBORATORT TNVESTTGATTONS

The y-i-eld response data obtained from tlre field investigation

showed that antrydroris arünonia fertilLzer is a satisfactory æurce of

nitrogen for stubble crops. The oat fields evJribited a large respouse to
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nitrogen" ûrly one oat fj-eld shor^¡ed diminisiring tota-l field r,rith nitrogen

applieation but dirnj:rish-ing yields occurred on all farms l'rith onJy one

exception. The barley fields exhibited a rnoderate response to applied

nitrogen. 0n1y tr,ro barley fielCs exhibited. dirn-lnishi-ng total yield"

Farms that had. recentl}" been broken from leguminous forage did

not exhibit sj-gnificant yíeld Íncrease to applied nitrogen as in the case

of farros 3, h and 9"

The phosphate response was not as great as the nitrogen response

but a defj-nite phospha-be requirement was noted on all farms" Phosphate

application was neoessary to obtain ',,he maxi:m¡n nitrogen responseo ftI

the basis of phosphate response the farms were divided j-nto two major

grou-ps@ In i:he first group, conprising sj.rç farrrus, ma.-li-num ¡nield Tesponse

had. not been reached r,¡ith the thirty pound application of .phosphate" O¡:Ì

these farrnsu due to the high r¿ater table, imperfect drainage or soil

erosion, calcium carbonate or other calcium salts r"¡ere at or near the

surface. 0n the remaining eight farms, which tqere situated on quite rrreJ*l

clra.ined medium to light textured soils, drruì¡:ishing total yields occurrede

The t-test shoived that the various treatrrents gave significant

resÐonse when conpared to their adjacent check but the regression equ-ati-ons

or production firnetions reflected the ferti-Iízer response in a more satis-

factory rnanner@ The use of these equations facilitate mak5-ng yield predic-

tions because they smooth out the nri-nor variations encountered- in the

original yield response pattern, lrtrhen regression equ.ati-ons have been

calcul-ated, tire coefficients of determination can be used to detennine

the percentage of the yield varj-ation that is due to the applied fertilízer^
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The regression equation was used- to calculate the marginal rate

of substitution of nitrogen for phosphate, There Ïras a definite substi-

tution of one element for anotheru particr:-larly at lov¡er yi-eIds I,e"
Io'r^rere rates of ferti.lizer appli-cation" Less substitution took place at

lrigher yÍe1ds(higher rates of ferti-1:ízer application) indicating that

each element ¡ras reopired for a specific functicnn This also su-ggests

that maximun yield could be obtai¡red by only one combination of nutri-ents*

The optinnrm rates and combinations of nitrogen and phosphate were

deterrained for the various nutrient and barley price situations* Fertili*
zer reconmendations based on the method outlined herein nouLd be more

usefuf- to farmers i'rith limited capital v¡ho are aim:ing at ¡edium yields

becau.se there r,¡oul-d be a r¡'ide variation in nutrient combinations to pro-

duce this yield* These r^ride variations could. make a great Cifference in

the cost of fertil-izer.

The laborafory investigation shor¡ed that ihere was significant

correlation between tire y-ield response to applied nitrogen on the oat

fÍe1ds and the a.VaiJ-able nitrogen determi-ned by the alkal-ine permanganate

method 2 but the available nitrogen deterrri-ined by this method did not

correlate with the yield response to applied nitrogen on the barley fields.

The available nitrogen deterrnined- by the incub¿-ti-on method and all<a.llne

permanganate rnethod 1 ùid not correlate significantly Lrith the yi-eld re-

sponse to applied rritrogen on the oat or barley fields" The correlation

bett¡een the methods to deternrine avaiJ-able nitrogen was; inconsistent*

.qbrther field and laboratory work rriLl be neeessary to adapt the methods

for practÍcal use j-n deter¡rining available rr-ltrogen. Further investiga-

tion should be confined to one soil t¡rye over a perÍod of several years,
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This would rernove many of the variables from the investigation and allow

the investigatcrs to concentrate on specific problens in the method sueh

as, time of taking the soil sarr4r,les, size of soil sanpJ-es and length of

Íncubation period, The yield response data would be more reliable when

the yields r¡Jere deterni:red for several years on the same soil-*

The inr¡estigational r,¡ork on optimum rates and. combj:rations of

fertilí2er could be contÍnued on the same plots used for the available

nitrogen study, The regression equations developed to deternrine the

pþsical relationships between varying combinations of appfi-ed nutrients

and yield could very well include the available nii:rogen determi¡red in the

laboratory, Such an investigation i,¡ould therefore bri-ng together the

laboratory, field and econorulc investigationsn

Th-is investÍ-gation woul-d add considerable aecuracy 'bo the yIeId

predictions on any particular farm or soilu

SUMI,TIRT IIND CONCLUSTONS

The studies undertal<en in this investigation nay be grouped under

three major headings:.-

(1) The ei¡aluation of anllydrous arrnonia as a
n-itrogen fertilizer alone and- in combination
r'rith phosphate fertj-Lj-zeru

(2) The applieation of a statistical rethod
whereby the most econo¡nical rates and combina-
tions of nltrogen and phosphate fertilizers
can be easily and accurately detenuined"

(3) The i:westigation of ræthods for determining
the qr.iantity of avail.able rritrogen in the
soiJ-o

The field investigati on was underbaken on seven oat fields and

seven barley fieldsu Seven genetic soi-1 ty¡pes Trere represented on the
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fourteen fields" Anþdrous amrnonia lias appli.ed at Op 20, l+O, fu anci 80

pounds per acre of nitrogen alone and in cornbination rrith 0, h0 and 60

pounds per acre of amnonium phosphate (ff-l+B+). Tield data was obtained

from the fertilizer treatnænts as a rreasüre of the fertilizer response on

the different genetic soil t¡leso The yield data ras analysed statisti*

ca-11y to detennine the signi-ficance of the fertilizer response and to

deternrine the most economical rates and combinations of fertilizer appli-

cation" Available n-i-trogen ¡¡as determined in the laboratory investigation

by the alkaline perrûanganate methoct and the incubation method* The crop

response to rritrogen fertilizer r,¡as correlated r,¡ith the avai-l-ab1e soil

nì-trogen determined in the laboratcryo

Oonclusions hrere as followss-

ls The mean oat and barley yields increased up to the B0 pound ap-

plication of nítrogen but at a di¡ri:rishing rate after the hO pound

application on oats and after the 60 pound application on barley*

2'" The mean oat yields increased up to the 2B"B por:nd application

of phosphate but the ræan yields of barle¡. showed the greatest

j-ncrease atthe L9"2 pound application of phosphate and shot+ed sone

reduction in mean yield with 28,B pound appli-cation of phosphate"

3o The high rates of nitrogen application dld not cause lod"ging or

delayed naturity when phosphate was applied to give a proper nitrogen-

phosphate balance"

l+* Nitrogen response was found to be cJ.osely associatect T.rith genetic

soil typesu

5, Soi-L management and. past cropping history, such as the gror'ring

of forage crops and soil erosion, altered the response to applied

nitrogen.



ó. The regression equations or production functions lrere verf,t 1lse*

ful irr indÍcating the fertilizer reE)onse patter"n on the various

soils*

7, Tire O¡adratj-c function incl-udirrs: interacti-on fitted the yicl-d

da.ta better than the Cobb-Douglas function or the Quadratic function

. ignoring interaetion"

B* Diminishing total yield r,ras per¡ritted nith the Quadratic fimction

but was not perniltted r¡ith the Cobb*Douglas fu:nction"

9* The Quadratic function showed that alJ. of the oat fields exhibi^

ted a large response to nitrogen, ùely one oat field shol,sed djmirti-

shing total y-ieId with nitrogen applj-eaiion bu',, dininishi¡tg yields

occurred on all far¡ns r'rith only one exception'

10o The barley fields exhibited a mod.erate response to applied nitro-

gen as shown by the Qiradratic function. OaJ-y two farms showed

J.: *; *.i ^t-i *- +^+ ^'r ,,.i ^1¿.1L{¿llLLllJ-ÞllJ-.t¿Ë UtJ ud-L J.LçJue

Iln the Quadratic function shor,red that the phosphate response LIas

not as great as the nitrogen response but a definite phosphate re-

quirer,ent ¡uas noted on a-11 farms'

12* The yield response curves showed that genetic soiJ- ty¡:es are

more inporbant in makirrg fertilizer recomrnendations than the location

of soil t¡pes with regard to climatic regions"

13" The yi-eld data on Farm B showed. that there l.ûas a defj¡rite substi-

tution of one element for another and that the yield eould be

maj-ntained by replacirrg some nitrogen wiih more phosphateo Less and

less of the ni-trogen r^rou-Id be replaced by each successive one pound
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i:rcreaso in the phosphate at Lr-í-gher a-nd- hÍgher l.evels of phosphate

applicatione i6e. Jrigh yield levels'

L¡+, The investigation points out that fertilizer recolTlnendations ¡¡nrst

be based. on the soil conditions, price of fertilizer nutrients and

price of crops" Nu:brienè combinations and rdes of application

r,¡ill change rnrith various soj-l conditions and price fluctuations of

both nutrients arid croÌrso

15" There was significant corrèl-ation betueen the yield response on

the oat fields anct the available nitrogen deterrd-ned by alka1Í.ne

permanganate method 2*

l-6, Before the laboratory methods can assuïne airy practical importance

for making fertilizer recorí¡lnendations, furi;her field a¡ld. laboratory

investigations r"ri1l be necessaryo

u. The aceu.racy of further investÍgation in this type of project

could be increased by usin¡5 rod ror.r rather than fÍelC stríp exÞerÍ-

ments. The randorn-Lzed rod roi.¡s min-i-¡rize the soil variat:i-ons t;.j-thin

the test as well- as soil- management factors that are encou¡terecl- j-n

the field strips, ft i"¡ould be mreh easier to obtai:i a satisfactory

rod row plot than a complete field for fertifszer stripso
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Appendix (i)
The Correlation Coefficients For The Cobb-Douglas Function

ø

a.O

'w-"'¡n. rvl- " -y2

05öÕ4rê

,7661+**

,3703

.5BBfx

,Bg55+et

.8158+"x

,Bl+2&e+

"5l.lt3

"5ht9*

"3790

"?l+6la-^¡g

,íttÉ

,Bll+5xrx

,7662-n+

significant at the l/,1eve1

sÍgnificant at the 5% i:evei'

12

13

YrrY

+t

ãl
I tl



*88*

Appendix (il)
The correlation coefficients For The Quadratj-c Ftrnction
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Appendix (iii)
The Correlatíon Coefficients For The Quadratic F\:nction
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Appendix (iv)
Predicted Oat Tields With Varytug R¿tes 0f Nitrogen 3nd

Rate 0f Phosphate Constant At 20 Pou¡lds Per Acre
(quadratie tr\mction)
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Appendix (v)

Predicted Barley Yields lr/ith Varying Rates 0f ì'$'itrogen And
Rate 0f Phosphate Constant At 20 Pounds Per Acre

( quadratic Fr:rrction)
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AppendÍx (ui)

Predj-ct'ed lields On Sirc Farms With Var¡ning Rates 0f Phosphate
ånd F¿te 0f Nitrogen lleld Constant At l+O Pounds Per Acre

(quadratíc FiunctÍon)
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AppendÍx (vii)
Predicted fields I/'iith Varying Rates 0f Nitrogen .And Constant

R¿tes 0f Pirosphate 0n Farrn B

(Cobb-Douglas I\rnction)
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AppendÍx (viii)
Predicted Tields lrl:ith varyÍng Rates 0f phosphate and constant

Rates 0f Nitrogen Oo Farm B

( Gobb-Ðougtas Fr:nction)
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Appendix (ix)
Precticted Yields With Varying Rates 0f Nitrogen .And Constant

Rates 0f Phosphate on Farrn B

(Quadratia Ï\:nction)
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Appenclix (x)

Preùicted Ïields With VarX.ing Rates 0f Phosphate .And Constant
Rates of Nitrogen 0n Fartn B

(quad.ratic F\:nction)
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