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.l:;ntefnaﬁioqal Soil fertility Evaluation and Improvement Project
- 'P, 0. Box 5907 ~ Raleigh, Noxth Carolina 27607

August 18, 1969

-Dear Colleague:

Our Preliminary Report No. 1 has provoked a cousiderable amount
of constructive criticism, as we had hoped it would, The present
follow-up manuscript is being circulated in the same spirit as the
first, and we trust that it will likewise generate helpful discussion.

This paper is divided into five parts: introduction, text, and
three appendices. Considerable rearrangement and editing may be
needed, but it is felt that the present breakdown will facilitate
comments by a wide variety of readers. (Ultimately, two or more
articles may be desirable.)

The introduction stresses that yields are affected by many factors
and that ideally recommendations should take all of these into account.
Unfortunately, much of the pertinent data frequently are lacking.

The text presents the suggested approach in simplified form for
those readers who do not wish to enter into the details of the
discussion. Essentially, the method is to compare costs per unit of
output at varying levels of input (fertilizer). For example: if
and only if the cost of producing a ton of potatoes will be reduced
(or not be increased) by the application of an additional two-hundred
kilos of superphosphate, then these should be applied. In other words,
we consider that the goal of the farmer is to minimize his cost of
producing a ton of potatoes. ,

Appendix A contains a more detailed discussion of the economics
of cost minimization, including a mathematical proof that overall
rate of return is maximized when costs are minimized and that product
price does not affect this relationship.

Appendix B is a discussion of the shape of response curves and
the interpretation of soil fertility analyses.

Appendix C gives a graphical'example of the application of the
suggested method for making fertilizer recommendations.

7We look forward to your comments.
| Sincerely, .

Robert B. Cate, Jr.
Research Associate



MINIMIZATION OF UNIT COSTS A3 A BASIS
FOR MAKING FERTLLIZER RECOMMENDATIONS

Robert B, Cate, Jr.l/

Introduction

Preliminary Report No. 1 of the International Soil Testing Series (1)
wag entitled, "Economic Returns from Fertilizer Use - Based on Soil Test
Information.” 1Its preface is equally applicable tc the present manuscript.
Therefore. it 1s quoted, in part, below. '"The goal of a successful soil
testing program is increcased economic yields from the proper use of
fertilizers and other soil amendments. The difficult problem is the
evaluation of all of the factors involved in crop yields from an economic
viawpoint in order to present optimum recommendations.

"Both research and educational activities are involved in the various
phases of soil testing prograﬁs and include: obtaining representative
soil samples, accurate and rapid laboratory analyses, correct interpretation
of the data through correlation stddies, recommended practices including
the use of fertilizer and other soil amendments, and educational follow-up.
Of course, the accuracy and value of all of the phases are dependent upon
research data,

""Crop yields are influenced by many factors. Fitts (2) has expressed
yield as a function of the crop, soil, climate, and management. Each of
these general factors is subdivided into several components. Crop involves
kind, variety, and population; soil includes fertility, adverse conditions

suéb as acidity, alkalinity, and salinity, water relations, aeration, depth.

l/Research Associate, Internmational Soil Fertility and Evaluation Project,
Contract AID/csd-287, North Caroliua State University at Raleigh.
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“‘of horizons,’ etc.; climate‘involves precipitation, temperature,;light,

~and’ mandg entﬂincludes cultural practices and the.control

io‘pestsp weeds, insects,hdiseases, etcl‘r

v' ‘§ "Tn the process of formulating recommendations on the use of e
Tfertilizers, all factors in Lhe yield equation should be considered.‘g-i
ijThe greater the amount of research data available for each factor, the
:more precise can be the recommendations.2 The ultimate is never\reached
Jin any area, and strong research programs are needed everywhere.'
l,However, based on existing information in various parts of the world,
concepts can be developed which greatly facilitate programs in other
;regions.n Likewise, the concepts can be used to test existing data and
}to point out areas where more information is needed. We hope that the‘
?following will be useful in these respects "

Text

Ly

.'The following proposal for a simplified method of making fertilizer:

irecommendationsiis:based on four assumptions'”

ffThe economic goal:of the farmer should be’to to- minimize

‘ eserei ; e., the cost of producing a unit of :
iioutput, e. g., a bushel of corn (see Appendix A) |

;ﬁsziPlant response to a particular fertilizer nutrient can be

) considered, for practical purposes, steeply linear up to

about 75 85 percent of maximum yield under given conditions ,

(see Appendix B)


http:linear.up

; ff’3_f |

5 13" Above Lhie level of.abone 80 percenL (on Lhe anerage), thcre’yf
;ﬂ‘etis increased probability Lhat other factors will be 1imiting.
f:f'iiTherefore even though fields which respond will: continue to
"fijdo 50 linearly, the average response slope will be less steepi
| el(see Appendix B) .
5”4,;f8011\enalyses, properly correlated, can improve the estimate
Iwi;of tne probabiiity of a reeponse; and hence the slope vf the
,response line even’though they cannot prodict yields,
The actual method is presented graphically in Appendix C (with additiona.
, discussion) and arithmetically as follows; :
| K.' Estimate yleld per hectare without a given input.

" B. Estimate costs per hectare without a given input.
o /’— \~\

r

C. Divide B by A,
D. Estimate yleld per hectare with a given input.A
ﬁi Estimate costs per hectare with a given input.

F. Divide E by’ D. |
G.. If F is equal to or less than C, apply the input.

Perhaps this 1s clearer if stated as follows:

costs/ha without input
yield/ha without inpuc

B .
A

costs/ha with input
yleld/ha with input

.E- )
s I O

‘ ‘.vix;n:.f F < C, apply input; and -

ﬂf;,ifv,F & G, do not.
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1Th18 simply states that an inpuL should be applied if, and only if,'it willf
?not increase unit costs. The desirability of adding additional amounts of EE
~the same input can be deLermined in Lhe same manner. (aee nppendix A for
:the reasoning underlying this rule ) The principal problems which arise kR
?are.. (1) tae estimate of Lhe si?e of the expected yield increase, and |
s(2) the decision as to which costs to include.‘ The yield increase estimatez
?must be based on experimental data and other knowledge. Yield\inciease :~"
;estimates are discussed further in Appendix B and Appendix C. Costs |
ishould include all cash expenses attributable to the particular field;
’?such as: | |

«Machine cost (prior to harvesting)
fSeed

;Pesticides :

‘Rent (if dctually paid)

inred labor (prior to harvesting)
:fIrrigation .

These represent money currently being invested in’ the field, which -
could have been invested elsewhere. The farmer s problem is to decide

how much fertilizer cost to add to Lhese other current costs in order to

maximize his currenL rate of return on this field.

Several othei types of cosL might be included, e.vg..

', Overhead
ifiDeprecietiOnf :

- Interest |
_;fFarmer '8 own labox o

:ereturns to managemenL

- Returns to capital -
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. Returns to land
?roperty taxes
Incbﬁe taxes
Harvesting costs
Marketing costs

-

Crop shares .

‘ Tentat;Vely; the author suggests that these should not be included since
they are not pért of the current capital investment in the fie;g. Also,
most of these costs are very difficult to calculate, particularly before
the crop ié fertilized. TFor more discussion on these points, the reader
is referred to tﬁe litefature on capital rationing. Dean (3) providesva
good introduction. However, it might be mentioned that the completely
empirical method presented in our Preliminary Report No. 1 (4) seems to

work because of its close relationship to the current operating ratio of

o, Current expense
*? current income

agriculture; i, (about .50 in recent decades in the

U. S.).

It should be stressed thﬁt the proposed method is primarily useful
for the ca;e of the individual field after the choice of crop has been
madé; The actual crop choice is made on the basis of some estimatie of the
probable rate of return, as well as other considerations. However, as
pointed ‘out in Appendix A, the minimization of unit costs autcmatically

maximizes the rate of return--regardless of price. If price estimates

are also available, the method will help in making the most rational

chéice of crop since it permits the point of maximum rate'of,recutn»tpf.gf;

be &éterminéd.fdr'éach crop (ox other operatién);rAy



"ﬂ;_i‘ Although somewhat unrelated to Lhe maln theme of this paper, the';tA“

“Hauthor would 1ike to suggest that some of the material preuented here _
:}(espeuially in Appendiz B) may have relevance to the possible relaLionship1?:
.. oE excess fertilization to water pollution (eutrophlcation) and plant
' disease susceptibillty because minimum unit costs will usually be attained~j

J'at~the point where*plant,nutrient needs are satisfied but not exceeded. .
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- APPENDIX A’

i Some'Considerations on Cost Minimization‘

o Most of what has been written for laymen on the economics of fertiliaer

?fusevhas emphasized the general rule: Apply a given nutrient unmJ the coat"'
fof the last additional unit is equal ko the value of the increase in yield :
Efwhioh results. In practice, this rule is difficult to follow because of
ifproblems in predicting both yields and crop prices. Also,‘unless it is .
ftmodified to include other investment opportunities, the rule 1is only
appIicable-to cases'where unlimited capital,is available. In the  more
'common’eituation'of‘limited'capital, total profit for the farm is maximized

'when the average rate of return is maximized.. This occurs when average

.itotal costs are minimized tor each field utilized, which means that costs

: per unit of output are minimized. Obviously, this=is\also the best
:competitive position for the farmer because he is better able to undersell
other farmers or meet price cuts.‘ In addition, the point of minimum unit

;ncost (and maximum rate: of return) has the great advantage for the decisione

ﬂimaker that it is independent of the price of the product.‘ The following

vﬁgraph may aid in visualizing.this concept.» CAn investment level of A for

:rNPK is optimum at all prices.)fﬁi,f"fw~-j,,uff T



Price 1- pxice permlttingKJ
less efficient pxoducers
to exist .

Price 2 - breakeven price
for most.efficient (A),
losses for others

'

!

Unit Costs and Returns ($)

!
I
I
e N l
e | e, Price 3 - losses for all
| T producers, least for
| A most efficient (A)
I
| ~——
. -~ l “\y: "‘-g»‘
- ~ '~\,~&
< ~.
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FIGURE 1. Unit costs (and returns at various product price levels) with
varying investment in NPK

There followé‘a simple proof that rate of retutn is maximized when
unit costs are minimized, and that product price levels do not affect;thg;

determination of the optimum input.

- General formula for differentiaLion of a ratio function; "7

;; ; . 2.:~' du
4wy - Y




fjkitvefinitions. _

TR - TG PyfX - (FG -+ PxX
T (FC + PxX)

o RaLe of return

" Unit cost = ATC = <& - FC d IxX

Y X
;:chﬁ'Tétal Cost = Fixed cost + (price of variable lnpuc times
' variable input) (FC - PxX) ' - :

TR = Total Revenue = Price of product times yield (= £X) =~nyx
fx - price of X. Py pzice of Y .. fX : function of X

Minimum unit cast ‘is at the 1°ve1 of inpuL X where:

2
X

e - ) - . : ' ) . . : . . - ’
iKPx. (FC‘+5?xX)f ¥»v= 0= (FC + PxX)f'X - fXPx (see below)

Maximumfratg»ofﬁretdrn ig at lgvel Of input X where:

(FD + Pxx) ggxf'x 5 Px) - Px [eyex - (e 4 Pxx)]»= 0
(Fc + PxX) |

-

fEliminating the denominatqr and multiplying out the term in brackets

Agives. e

(Fg + PekX) (ny'XPx) <Pxnyx PXFC - PxPxX) = 0

fRemoving the thirq set of parentheses

e

/Px) - le’ny¢+'PxI‘C + PxPxX o '

ffMultiplying_out(the remainin' petmsﬁin parenthesea givea. :

I‘Cny'X + PxXny'X - PrTG - Pxpxx‘ PxnyX + erc + PxPxX =0
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éangelling out plus and minus terms and dividing by Py gives:

- FCE'X + PXXE'X - PxfX = (FC 4 T¥X)£'X - £XPx = 0 (see atove)

‘It’ie thus shown that the formula for determining the point of minimum
~unit'eest ie‘the same-as that for maximizing the rate of return, and
that the_pfice of the product (Py) is not needed.

The above differs from the conclusions reached by Carlson (5)
because he considered capital to be fixed rather than equal to TC as hag
been done above. Therefore, he'maximized rate of return as is shown on
the next page. This is mentioned because Carlsen has given one of the
most. complete "classical" disctssions'of the rate of return, and the
readet Y}ll note that the last formula given in Carlson's presentation ls
the equivalent of the rule given in the firet sentence of this appendix;
i.ve., marginal‘cost should equal marginal revenue, Thue, this paper
differs from Catison because of a difference in treatment of_rate of
;teturn. _

The eenpatiSOn with Cerison leaves out the questfon of interest.
Howebet; tné.rational farmer would be expected to invest if his evernge .
rate of return is greater than the prevailing rate of interest., 1t seems
evidentfthattthis is not the same as Carlson's 'rmv= im, except in the
_unnsnai;caSe where'only 6ne input is involyed. A" final point is that
equating marginal cost with marginal revenue will only produce optimal

results at the breakeven point, i. e., when Rm - Cm = 0. In all other ;{u
,\ . R

caees the increased revenue from one 1nput is more than offset by red“'ed
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Carlson s mathematical treatment is as follows (hlS symbols have been

fgaltered to conform with the7ones used in thlS paper.v Other symbols are j:'f*

~fdefined as follows.gfi interest, L Loan- m = maiginal and K fixed
;:capital) | |

Rate of return (r) - rotsl 1eyenu;i;e§Tg§:itggst +.Loan infeiest)

_ IC - (TC + iL)
~ K

\\

Maximum rate of return is at level of input X where.

g_ _; [_d__"_l‘_l_{_i dre iL]
K, 43ir)

dx dx . dx \\

e B

which, eliminating K, gives. ‘Rm =" Cm - Cmim'=;0
’or:n73942—93 =4im

Cm
Cor: moa

e -_-@»;;m,.,<11~4 im)

fIt can be seen that Carlson considers that r is maximum when tm = R -_Cn

;?while it is shown by our proof that X is actually maxinn when B

f"_ﬂf(rc + Px&)(f"{) - pr
'{not differentiate r:__:a ratio funrtion, and this leads him to. elimination

Cm ~ 7~

LO, The discrepancy results because Carlson does ;;
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rates of Leturn on othcr inputs. On the other hand, the technique presented
:‘in Lhis paper will ma&imize total farm revenue because it makes the marginal
rate of return on each individual Lnput equal to zero, agsuming that all
cpstﬂ are estimated and allocated properly, The following graph may help
Ito élarify some df the points discussed in this appendix, In this graph,

N is‘makimum net revenue; and optimum output (with'this as the critetion)
will vary with price. (At Price 1, it is greater than Price ;; at Price 2,
MM =P = 0; 1. e., this {s the breakeven point, ) flowever, IQ divided by
QR 1s the rate of return; and optimum output on this basis will hot vary

with price, being always maximum at output R,

N
TR = Price 1

1
) TC
]
]
! /TR ~ Price 2
! U}
1 &

(/)]
ST
0w O
o1
O o
o' 3
8 9
o &
j=1]
2 >
gl-——-
Ut w
[ R ]
[ )]

0
1o
T

m.
1.0

fu}
=)

E
1’

FIGURE 2. Outputs for optimum rate of return versus (price-dependent)
g opLimum return, S




RERIES

’In contlusion, desptte the'divergencied from Carldon, the equaliLy

o shown on page ten (marimum raLe of return = mtnimum unlt cost) appears to
be a corollary of the linear programming ~ dual problem diucussion on
1épages 80-82 of Hendergon and Quandt (6) in which maximum R = minimum Z,
:'where R total revenue and 2= the imputed value of the enlrepreneur s.
kendOWant, i. e, the costs of the farmer s inputs. Much of the reasoning
bpresented is also similar to that of Dean (3) regarding the méasurement
of capital productivity. The problem of what to include in "other costs"

appears to be common to all approaches.
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APPENDIX B

A Discussion of Response Gurves and Productlon Functions

Response curves (functions) are based on scatter diagrams which usually

have an appearance similar to Figure 3.

o

o o

o © o ° 0

oo [+) ° o} o
o
°© o , . o ° o
L] (o]
o ) o o
CH
> °© 9,
T‘ ooo
. o9
L o

s

—3> Nutrient

FIGURE 3.

The best known generalization of such data is probably the Mitéqherlich?
Spillman (7) function, ¥ = A (1 - e °'), in which each additicnal .
increment gives 50 percent of the yield increase produced by the preceding

increment as is shown in Figure 4. '
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FIGURE 4.

.

Mitscherlich justified this curve by its similarity to others found in
nature, € Gy declines in radioactivity and disappearances of reeessive
genes. However, there does not appear to be any particular biological
reason why this "law" should apply to nutrient response by’p}ants.

Another criticism of the Mitscherlich-Spillman function is that it
wdoes not include the possibility of yleld depression caused by excesslve
“amounts of Lhe nutrient studied. (Note that on a relative yield graph
such depressions, or negative Lesponses, will show as points with values
greater than 100.) Mitscherlich later modified his equation in an attempt

‘to answer this criticism.‘

Another modification has been suggeated by several investigators,

';f:especially Steenbjerg (8 h 3observed thar on very poor soils the
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response curve is sigmoid; i. e., it demonstrates increasing returns
during its fivst portien. This caﬁ be explained by fixation, nutrient
imbalance (Steenbjerg called it "blocklng"), or simply uptake inefficiency
at the very low levels of application. Inasmuch as these effects are
noted primarily on solls which are extremely low in a particular nutcient,
they are not characterlstic of response curves on the soils of relatively
productive agricultural regions. In other words, response curves normally
intercept the Y axis somewhal above the origin. This means that the most
general shape is similar to that shown in Figure 5, but the possibility

of a sigmoid shape to the initial portion should not be overlooked.

TN

-3 Nutrients’

—> Yield

FIGURE 5,
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:ﬂ<“jna£éma@'(8)/hésbp?0pose& a rather intriguing hypéthesis to explain
‘ﬁhié,shape.E ﬁé pbsﬁulaiéd thét many growth factors inherently possess
both positive'énd negative affects, and that observed responses reflect
the dominance of 6ne or the other (or an average of the two). Bateman
~spoke épecifically of "crossed parabolas,' but his data would also tend
to fit a combination of an exbonential (e. go, ¥ = Xg) function and a
Mitsclerlich equation (i. e.,, postive and negative exponantialsy.

Another theoretiéal explanation has been advanced by Specht (9)

who analyzeg the Lndividual coefficients of variation of the foliar
analyses of ten replicates at e#ch of up to fifteen levels of added

nutrient. Typical results are shown in Figure 6.

”~
+ .
d
0
0
A
& .
> .
C; .
-3 Percent nutrient in tissue
v / \
1
3
B ///, : .

=3 Percent nutrient in tissue

- FIGURE 6.
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Specht conclude& chat plants have a self-regulating mechanism which
distributes a particular elexent evenly among the cells when the
concentration of the clement is either critically deficient or excesslve.
Similar work was done 1ater.by Friis-Nielsen (11) who obtained the same
kind of results and elaborated Specht's theory into a gencral gulde for
the interpretation of follar analysis,

Specht's discovery fits well with the hypothesis elaborated by
Blackman (12) who considered the response curve to be essentially linear
until some other factor bqumes limiting. This was later disputed by
Harder (13) who presented datgtindicating that the slopes of the response

curves differed. The contrasting concepts are illustrated in Figure 7.

~N
—r

/7] (/)]
o~ o
: :
H g “ y
£ | B £ 3
1] Q0 [41] 1 ¥
) o 0 K]
ES] i +
2 : 2
m ~

i Growth Factor a3» Growth Factor

FIGURE 7.
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i

'iﬁ;¥ H6wé§éf;ﬂ§vén‘though this controversy has raged fox years, primarily |
3"iﬁ4theJiiferatUre on photosynthesis, Figure 8 raises doubts as to Lts
'stgnificénceygince the two contrasting sets of curves ia this graph

l simply"represent the same data plotted to different scales!

\\ Compressed Scale
‘J (Blackman type) :
Extended Scale
/ (Hazder type)

——2p Growth Factor

—> Photosynthesis

FIGURE 8.

In any event, much of the above discussion indicates that there may
be séﬁé bagis for considering responge curves as reflections of Liebig's
Law of the Minimum, with relatively abrupt inflection points when some
factor becomes 1imiting. In this connection, it is interesting to note
in Figure 9 the distortion often created when one arbitrarily fits a

\cg;yiliﬁegrtfunctidﬂ toiﬁata which (in fact) are discontiﬁﬁous or have
;lsﬁﬁfp ihflecﬁion point. ‘Ih‘éﬁféct,_thé cprvilinearityiié én artifact

k%ﬁighiwquld dlsappear'tf‘ﬁhefdata'were split into two pqulations. This



1s a potential pitfall in empirical regression formulae of the type
presented by Shrader et al. (14). Additional problems associated with
the empirical approach have been discussed by Swanson (15), including

the difficulty of fitting and of testing the 'gooduess of fit,"

Relative Yield

e Nutrients

FIGURE 9.

From the above, it can be seen-that the literature on plant responses
might be considered as split between two positions:
‘1. Responses are best represented by a continuous, concave
downward curve equivalent to the "Law of Diminishing Returns."
2. Responses are linear so 1033 as a particular nutrient is

limiting, with a subsequent level component when some other

N factor becomes limiting, equivalent to the '"Law of the Minimum,"
h

A ' .
“ A possible compromise is implied in a paper by Cate and Nelson (1)

suggesting a simple method for dividing the points on a soil test-yield
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‘gcatter dlagram into two populations, those likely to give a large
responge and those unlikely to do so. This is illustrated in Figure 10
(The dached lines are drawn to maximize the number of points in the

positive quadrants.)

| , )
100 | ) lo 670 4 _° 3
o lo o- O o °° 90
- ‘ lo ©° 0 9%,
3 6 °.| o, ‘
54 oO. o A - Q
o 2% ~
I P
% o ° N
~d o ©° |, T
’ . /‘l el
1 v o s

Critical Level
———=» S0i1 Nutrient Level

FIGURE 10.

This sort of graph could be interpreted to mean that the average
response would be much.steeper on the low side of the Cate~Nelson critical
level than on the high side. In Figure 10 each point represents a
separate field tial. Simiiar'reaséniﬁg:could be appiied to the means of
\réplicatgs“at diffe?ent-nﬁtrient 1évels'%n'§ne‘fie1d trial. The end result

17wbﬁlqybeﬁﬁh§ ﬁype 6f‘cu:ve shown,in[?igugé;ilé L



- 23 -

100

=
o

Relative Yield

~—e3 Added Nutrients

FIGURE 11.

This is essentially Swanson's (15) Modified Liebig Model. As Swaneon
has pointed out, economic analysis of responses iy dependent on the
biostatistical interpretation of the data. Unfortunately, Cox and
Cochran's (16) discussions of variability suggest that Blackman's (12)
comments in 1905 are still essentially valid.

"The way of those who set out to evaluate exactly the effects of
'changes in a single factor upon a multi-conditioned metabolic
process is hard, and especially so when the process is being

pushed toward the upper limits of its activity . . . at present

our science entirely lacks data that will stand critical analysis."
Nevertheless, from a practical point-of-view, it seems reasonable to
conclude from the material presented in this appendix thee responses are

essentially 1inear (and steeply so) uo to about 75-835 percent of the

maximum yield possible under given conditions. The remaining 15~ 25 percent

Y



T

;p£98;piy E#nﬁéﬁ B;‘a¢¢ﬁratély7ptediétéd;using‘ﬁrgsentvdatafandftechﬁiQQeé,:
Zéigéptiﬁhfcugh ﬁome‘use;of probabiliﬁy Estinmtéé; 'Inéiden#aiiy,‘nray (if)
.‘éiso conéluded.thaf‘field'experiments could only Sc used to déterminé Ehe; 
'iomeedium éplit;‘i. e;) the Cate~Nelson critical 1evel.i |
In conclusion; it might be néted that the abéve discussion maythave
appli@acion to.a'numﬁer of similar problems in both the biolegical and the
“gocial sciences. For exémple, Ehe "Phillips curve" used in mécroeconomics
to relate pricevand‘embloyment may actually be a 'two-population"
‘éituation with a ”critical:level" for full employment without inflation. -

(See Samuelson and Solow (18).)
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Graphic Solution of the Proposed Method

1. Draw a graph in which the cost of the fertilizer nutrient under
congideration 1s measured on the X.axis, to the right of the origin,
vhile all other costs arc measured on the X axis to the Jeft of the

origin; and yield is measured on the Y axis. Then dvaw a line which

‘\

is tangential to the yield "cufve," from the appropriate "other

* costs" point on the X axis.
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FIGURE 13. Graphical solution for estimating optimum fertilizer
expenditures when capital is lirited. (This graph is
similar to that presented by Richard C. Lindberg, USDA,
in a manuscript dated about 1960, )

ﬁ.vasing Figure 13 as an illustration with hypothetical costs, if the

Lj.p&iﬁt,of tangency 1s D ("other costs" lgss.thansz)Q;do‘hotfgpply o

f: }?}Ethﬁﬁtrient. 1f ché p&iﬁﬁ-bﬁ:tgngenéy is E'(ﬂqtheggsbég;ﬁfédhalf ﬁ
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:%to’or more than 20, but leee than 100), apply 20 monetary unlts of

tnthis nutlient. (Note Lhat Lhc local cost of the nutrlent has been
taken into account in Lhc construction of the graph.) If the point
'{of tangency is F ("other costs" *qual to or greatcr than 100), apply
il50 monetary units of this nutrient.
‘ 1.:The reader,will note that Lhe breakpoints on-the'ﬁother“coStsW
taxisz 20 and7100;vrepresent-the polnts whereitangentlal lineaiwlll.
‘!have tte tane slope as‘the yield "curve." . | -
Another point to note is that the function.of soil analyses 1s

to facilitate the drawing (prediction) of the yield "curve.” As 1s
_‘indicated in Appendix B, if the soil -or plant analysis is above the
:Cate-Nelson critical level, the yield "curve" will be truncated as

is illustrated in Figuze 14.;
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This will cause the intercept, or breakpoint, on the "other
cosﬁé"“aiisltokbe 120'rather_than'106. In other words, an analysis
whiqh falls above the critical level should (hnder these conditions)
only receive Ehe particular nutrient if '"other corts' are equal to
or greater than 120. The amount to apply (if any) would be 30
monetary units, which would produce the maximum yield., (The figuve
30 is derived by subtracting the "soil contribution” of 20 from the

50 units hypothesized for maximum yield in Figure 13.)

Data on nutriént needs of different crops at various levels of production .
can also be helpful in drawing the yleld "eurve." The case of nitrogen
is discussed in detail in two of the. technical bulletins of this project
to be published soon. Essentially, the technique is to use the estimated
‘yield without nitrogen (in conjunction with plant uptake data) as an
indication of the amount that the soil can’supply. In other words, yields
without nitrogen (assuming other nutrients adequate) are used in lieu of
soil teétsf~

Another possible approach is to perform laboratory fixation tests to
determine the amount of fertilizer needed to raise the soil above the
critical level. This technique is especially applicable to phosphorus
and lime needs. In these cases the economic value of residual effects
should also be taken into account. However, the high discount rates
which must often be applied (eapecially in agriculture) will tend to
 di;inish the economic significance of thuse residual effects. Incidentally,'

'h 1t‘1s,£nt¢résting‘to note that the actual rate of return on investment
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ivin ferLi]izer (even at the fixed point of minimum uhiL cost) will depend
;fnot only on the price of fertilizer and the value of the.crop; but also
1 oh the number of nutrients which are limiting (and how Llimiting they are)
: sinoe these factors determine the extent to which NPK costs must he
spread. v |

Cleariy,.the,scale on-theﬁgighthand'side of the X axis (and the
i:yield "ourve" itself) hill have to be derived from experimental._data,
iplus knowledge of local fertilizer COPtS. The inrercept.on the lefthand .
portion, the "other costs," must be determined by economic studies of

prevailing costs under various crop-management“eituations--or by the

l'fa:ﬁer himself. The "other costs" should include all expenses that are

Z.difectly attributable to the field, intludiné the costs of fertilizer

p— \.,\

- nutriean other than the one being studied. The question of what other

.,

“costs to include has already been raised in the text section of this\\\

paper'and need not be repeated here. Nevertheless, it requires considerable

\
hY

- attention and thought!
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