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SHORT-RUN CORN - SOYBEAN PRODUCTION _DECIST@N’S‘WI‘TI’I‘.MS—E?EL,

VARIABLE ENERGY AND PRODUCT PRICES

D LynnEorster and Norman Rask*

Midwestern ’corri—'soyb\ean farmers have approached the past few

'planting seasons fac:ing input and output price relationships not previously

experienced. These.new relationships add»cbmplexity.t’o .short-run pro- .
duction decisions as the planting season draws near. Decisions must
be made concerhing fertilization rates 'andv.proporti'ons; of corn'and soybeans

to plant; furthermore, delays in the decisions are extremely costly due to

' the timeliness penalt’y associated with late plantings. - These new price-

‘relationships and the forced action situation facing decision makers haire :

created renewed interest in the impact of variable prices on input levels -

and output mix.

 Energy shortages have been a ’principal culprit in adding to the

complexity of the deciSion making. Rapidly rising nitrogen fértilizer

| prices have caused farmers to raise questions a’bout-op,u'mum use levels...

on corn and have sent economists and agronomists scurrying to construct

nitrogen response curves to test recommended application rates under

these new prices (Black and Ferris, Forster and Rask, .Hobekft, and Siemens,

and Raikes and Harris_)', Increased crop drying costs have added additional "

_ *The authors are assistant professor and professor at the Ohio Staté
University and Ohio Agrlcultural Research and Development Center. Apprec-

iation is extended to Leroy Hushak, Donald M. Larson and Paul Wright for
.the1r h;l}ful comments on an earlier draft.
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costt burden' to corn pfodﬁction and'évkmg with the higher nitrogen costs have B
| plabed corn in a’i«pbcn)re‘f c‘ompe'fitiv’e f:‘ost' _sit_uation with soybeans | (Rai‘ikers »and.
Hafri-s); Widely:»'fluctuétingi corn ~and s‘o'}bean prices ‘addAf.urther complékity |
 and uncertainty to production decisions i'riyo‘l\‘ili'ng these two crops. Not only.
has the level o.fvpr‘ices. changedv dfamatically, but over the pas't'five‘« years‘,
corn-soybean price"ratiQs' have fluctuated from 1.9 to 4.3 during the p}lebriod'»v- :
' prior to planting'.' | | |
Ihé. pui-pose' of fhié paper is to ti‘ace out the economic consequences
of a séries' of price re'létionships on the optimum use of _eheréy inputs
| (nitrogen fertilizer) and on the optimum combination of soybean and corn -
acreage uhder "typical" Ohio com belt conditions. Three questioné-are
posed in terms df. short-run (single seéson) decisi,qns.' e
1)  How should nitrogen:’ application rates be adjusted in résponse
“to changing nitrogen and .cormmn price relationships?:
2) 'Hov;r ‘s'hould corn and sbybean acreaée be‘_adjusted. as hi’_crogen’
and fué‘l drying costs increase ? | .
3) What»_proportion of com—soyﬁean acreage should be planted
| to com in o.rder to‘ obtain fnaximum returns under changing:

com and soybean prices. - g : T e

PROCEDURE
- Three ‘elements were crucial to answéring the above ‘queStiohs. First,
- a farm level nitrogen ‘respOnse function had to be adopted from experimental

"»_-‘data.. ; Secondly,, appropriaté vield penalties were established to reflect the . o8
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.'c':ompetiii've impOrtar’;cé ‘of tivme.li'ness‘ in the p_lahting and harv‘éstiﬁg -of‘ corn’
' and stbéans . Pinalls?’; a béﬁchiﬁérk or éontr,dl far’rﬁ situation Was'.Aestéblished; -
from which to vmeasurex change's in 'the optimum ievels ,of input .use‘ajnd‘ oﬁtput
mix under alterative price relationships. ]

The benchmark situation st déterﬁﬁned by synthesizing a__".tybical,"
farm situaﬁon. ‘This situation wés chosen by selecting a level of -i’npubt
usagé arid output mlx which Wés repfesentative of Ohio cash gra1n far'ms-.y L

The résource basis of the "typical" farm was determined by selecting that

. set of labor énd machinery capacities fwhich allowed the optimUm. input and |
'output mlx on a given cropland écreage to ,ap;;roximate the benchmark situa=-
tion descrlbed below. - |

Nitrogen, com, soybean and crop dryingj)rice changes were. system=

~atically iritroduvced' and profit optimization solutions determined. for eééh :
new price relationship.  The resulting fertilizer application rates 'and,_'_ c
= 'a'cfeage determinations for corn and so?beans pfoVided sorhe notion: of

' -optimum responses to the dynamic pric;e' situation facing midwéstern grain

farmers.

The Benchmark Farm Situation

bTh‘e' "typical" farm situation was developed_withv the following assump-

© tions:

-l-/_ Data 'frqin' Duvick, et. al. and suggestions from farm management
~ personnel at Ohio, State University were used to establish this situation.



-4-

1) The é‘typical" farm would maximize returns by planting o‘ne-‘-hatlvf
of the corn-soybean acreage to corn and the othef half to soybeansunder v
"ﬁomal" price relation‘sﬁips. These prioes .were selected to be $2 .5'0 per
bushel for corn and $'6'.00» per bushel for soybeans.-z-/ Other ';hormal"
' prices were $.20 per pbﬁnd for nitrogen ferti_li}ze;vand' dryinév charges of
, $ 01 oer pomt of m01sture removed | | |

2) - Labor and machmery capacn:tes | were sufflclent 1o complete corn |
and sonean planting dUring a five week period from late April to the first
of ]uﬁe. Similarly,'harVesting was completed during an eight week period
~ from late September to mid-November.3/ |

| 3) 'Plantving vanc:l harvesting _timeliness pevnaltrie_s- on ‘.yieldjs were
assumed. Thus, as more acreage is devoted to either corn or soybeans |
in response to prioe cﬁanges, some yield loss results,: be'c:auﬂse o_f-untimely
planting and harvesvting' oﬁerations ‘—1/ g ’

4)' The "typica_l" 'farrrvl Wae aseumed to maximize ?xfetu‘zxfnsto,n'itrogen

-on .cox"’n atw.applicatvion;lv‘ates of 125 poundsand yields of 105‘v}‘:>u.shev1s per

acre. Maximum soybean yields were assumed‘ at 35 bushels_”pe'r acre,

2/ These prices aré somewhat above the absolute levels experienced in
the late 1960's and early 70's,- but do reflect the relatlve price relatlonshlp
of soybeans to corn (2.4 to 1) durmg this penod

—/A 460 acre farm was assumed for the analysis. However farm 51ze
is not crucial to the analysis since machinery and labor capacities were ad-
justed to give the desired optimum comomatlon of comn and soybean (50-50)
- under the normal prices assumed. ' S : : .

J In this situatlon both crops compete for labor and machinery capac1t1es
dunng key periods of the plantmg and harvestmg seasons..



Corn yields and optimum nitrogen application rates wer.e_adjnsted from these
- levels to reflect changingvprices. »bThes_e'new'blevelsvwere es:_tak_')li-shed 'by ;

_assuming a farm level‘resvponse function,similar.to-' experintental ‘c‘iata but'-

: at a somewhat lower level -/ A summary of these and other assumptions TR
are mcluded in Table 1 Spe01f1c optimum n1trogen applicatlon rates and
'a'ssociated' corn yields' are pr_esented in ‘Table 2. |

;Ifimo: models were nsed to:'analy»ze ,this "typical" farm ‘situati‘vc')n.'“i These o

two models are the Corn-Soybean Guide Linear Programming Model and the |
Purdne Crop Bndget .’§/ Both these program_s are linear programming niodels _
' :whvi"c‘h maximize the returns }ab'ove variavb,ie, cos'ts.[for a comésoybean farm |

’ sttuation .‘ Both models inolnde a ‘nu'ﬁ;be'r. of a'otivities for land preparationv:
| in altemative time penods | comn production and- soybean production activ1ties
v wh1ch allow for altemative corn planting and harvesting sequences. Key |
restrictions in the models pertain to the total number of acres whi-c:_h,may»» o
‘be'planted in apl_anting period, the total num;b_er ,o,f"vacr‘es whic’hz.may .be
har‘vevsted ‘in-av’ harve'stinr;_ -periOd, and the number.of" acres of a particular

orop Whioh-may be pla‘n’ted or h:arvested,in a ,umé period. The d-ifferences_in =

v —/ Several comn belt studxes (Black and Ferris; Forster and Rask and o
. Hoeft and Siemens) have demonstrated experimental nitrogen response curves :
that maximize physical com production at between 140 and 175 bushels per
acre, depending on soil type. The "typical" nitrogen application rates and -~
~ corn yield levels assumed above were based on average ytelds and mtrogen .
'use levels in corn belt areas of Ohio. -

6/ Michlgan State Universny Teleplan Program #18 and Purdue Crop.
Budget Model B-9. _
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" the model are _largely those of the‘de‘gree of detail in the model. GenerallY:. h
the Purdue Crop 'Budget Model is the more com'plete,,- but its computational

. requirements are also greater.

"The Corn;'Soybean Guide I;inear Program'haing Model wa,s usefd’f'as .the

pnmary tool of analy51s due to its relative ease of use and lesser computa—«v TRt

: "tion_al requirementjs. The Purdue Crop Budget uvas used to venfy these resultsa
» nsstiLTs |
The analysis inui:“.estigates short-run planting deci'sion's In*the short-'-'-;
- run, One sea son for eXample, the cOmplement of equipment.- land and labor
| is ﬁxed The decisions to be made concern the proportion of ‘corm and soybeans
“which will be planted 1n the current season usmg these fixed resources and
‘ _the level of varlable inputs to apply. The_ ,re-sulting distribu_tionof vland- use '
“ ‘and rafte of 1nputusagelreﬂects th.e.co,mb;inedv -im_pa_ct of ,both,in_put and output
orice changes,_ I o , . .
'- As the :_:proﬁt.‘_ ina;rim’izer s‘ol\te‘s the firs_tﬂ order" con_ditions, 1_‘t'he: level
of variableinputand thecombinationof output'are interdepende_nt.v: For
B example, as‘. nitrog-en"pric_es hecome higher, op’tir‘num.: nitrogen applica,tion e
- ‘rates decline cornvy:ield ialls "andv ret;urn's per acre in c0m'-are»reduced’; '
o Thus the competitive p031tion of soybeans is- 1mproved .and a smaller proe L
portion of the crop acreage is. planted to corn. However, _thlS change"'is.,:-v |
’ mitlgated somewhat by an opp051te 1mpact from yield penalties due to time—*;
.lmess . As soybean acreage is mcreased the planting and harvestmg time :

- 1_s spread into less opt_imum yiel_d penods,,: thus_ reducing soybean yields ‘e
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TABLE 1

" Assumed Conditions for "Typical" Ohio Corn-Soybean Farm Simulation

Characteristic

Assumpt on

Normal Prices

Corn (per bushel)
Soybeans (per bushel)
Nitrogen (per pound) -
Drying Fuel (per point of
©  moisture removed)

Variable Production Costs at
Normal Prices «(per acre)

Corn.
Soybeans

Normal Crop Acreage

Corn
Soybeans

Normal Planting Period

Normal Harvestigg,Period

Maximum Yields at Normal Prices

Corn (bushels per acre)
Soybeans (bushels per acre)

Nitrogen Application at:Normal
" Prices (pounds per acre)

$2.50
6.00°
.20

.01

' $103.20
66.50 .

50% of total
50% of total

April 25 to June 1

(5 weeks)
Sept. 27 to Nov. 15
(7 weeks)
105
35
125

Timeliness Yield Penalties for
Corn and Soybheans

Harvesting Period

Planting Period

" Sept. 27 - Oct. 4-10 Oct. 11-17  Oct. 18 = Nov, ¢
Oct. 3 : Nov. 7
Percent Yield Reduction for Corn
April 25 to May 10 10 0 . 1 B o2
‘May 11 - 18 18- 8 . ) 9 10
May 19 - 26 100 16 17 18
May 27 to June 3 100 24 25 26

May 19-26 0
May 27 ‘to June 3 4
June 4-11 - ’ . 7
June 12-19 . .18

Price Ranges Tested

Corn (per bushel)
Soybeans (per bushel)
Nitrogen (per pound)
Drying Fuel (per point)

Percent Yield Reduction for Soybeans

5 12 32
9 16 35
12 21 39
23 30. 50

$2.00 to $4.00
4.00 to 8.00
$ .20 to $ .50

.010 to .30

12
20

29

38



| TABLE 2

Assumed Optlmum N1trogen Appllcatlon Rates and Corn Yleld Levels on
) "Typlcal" Ohlo Crop Farm

Pfice of Corn Per Bushel __Price of NltrogenvPer Pound
‘ : : $ .20 _$ .30 8 .40 $ .50

Pounds of Nitrogen Per Acre

isz;do'” ’ | | 121 113 104 94
“?2.50' R | 125 118 S 105
300 | 18 122 116 111
3.50 ‘]: | 129 125 120 115
400 130 127 122 118

Yield of Corn in Bushels Per Acre

$2.00 N 1 103 100 96 o1

2.50 - ol 105 102 99 97
3.00 . 106 104 100 99
3.50 T, | 07 105 103 . 101
4.00 o} 107 106 104 102

'y* The response of-corn ylelds to various levels of mtrogen apphcatlons was
adapted from data furnished by L. N. Shepherd Department of Agronomy,
The Ohio State Un1vers11:y. . :
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v somewhat, c_Onversely, 'com acreage is -redgced " allowingz .thore ‘t_o be
planted and harvested 1n the optimum ’pe’riod, thus increasing yields.
The re'sults_'of‘the analysis‘ for the "typical” fa‘rm situa.tionaare
summarlzed in Table 3. This table shows the optimum proportlon of corn
and soybean ground planted to com under altemative corn, soybean, and
nitrogen price combinations. With soybeans at $6_.0_0 per bushel at the '
‘farm level, corn at _$2 .50 per bushel and nitrogen a_t $.20 perr ponnd,"this
"typical"' fa'rme"r,finds it moét profitable to. split his com-soybean»ground
evenly between the two crops (the assumed benchmark conditions).
The impact of high nitrogen prices on optlmum corn acreage ,‘is.bread-
ily apparent froxn Table 3. If we confine‘our attention. to soybean prices.
in the $5.00 to $.a7.00_per bushel range and corn prices in the,$2.5(l to -
$3.00 per bushel rangev, each $.10 per pound -increa.se in‘the price of .
nitrogen results in the optimum prop_ortion of corn decreasing by: 6.3 percent
of the total cropland acreage. At $2.50 com, -sé.'oo, \soybean"sand $.20
mtrogen about 50 percent of the cropland is planted in com. “A's the mtro— :
gen price mcreases to $. 30 per pound 40 percent of the cropland is planted
to com, and at nitrogen price of $ .50 per pound a ,d'ecrease in corn acreage
to approxirnately 3>0 percent of the total is indicated'. | . |
“Table. 3 also illu:'s_trates the effect of changing co'r/'n-tand,soyb_ean

prices on optirnnm .ac're:ages‘.' With the nitrogen price at $-.20 per_.;pound; AR |

o‘ptimum p.lantingvs are .guite SensitiVe to changes in com-'and -soybean prices. = -

- With $2 50 com and $6 00 soybeans 50 percent of the cropland is planted

~ in each crop. As pnces change to §3. 00 corn and $6 00 soybeans the op—
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.TABLE 3 -

| Peréent of Corn and Soybean Croplahd Planted to Corn
On A "Typical" Ohio Farm Under Alternative Prices-
For Nitrogen, Corn, and Soybeans

Nitrdgén. ’ Corn | debéén~Price ($/bu.)

Price/lb.  Price/bu. . - 4.00  5.00.  6.00 7.00 8.00
-- Percent of Cropland in Corn --
$ .20 - $2.00 . 50* 40* 30 .20 .0 20 -
. .%o .2.50 . .. . 85. . .50 - 50 . -. 40 40
S 3,00 , 100 85 60 50 40
3.50 - 100 100 85 75 50
4.00 100 100 100 - 85 75
$ .30 2.00 35% -~ 35% 20 20 0
2.50 50* 50 40 40 30
3,00 o 85 75 50 50 40
3.50 100 85 85 60 50
~4.00 100 100 85 85 75
$ .40 2.00 . 30* . 30* 20* 0 0
S 2.50" - 50% 40 40 30 20-
3.00 . - 85 75 50 - 40 40
3,50 : 100 .85 - 75 50 50
4.00 | 100 100 -85 75 ©60
$ .50 2.00 SR 0* ~0* o* 0 0
2.50 | - 50% - 35% 30 20 20
3.00 - | S 75% . 50 50 - 40 407
3.50 0 | . 100 ~ .85 60 . . 50 40
4.00 .| 100 100 85 75 50

Sk Optimumlsolutions did hot'fuliy utilize all crop acreage. -Because of
~late planting and/or harvesting,  the timeliness penalties forced the
mqrginal value product to be less than the margmal 1nput costona

mﬁmmﬁmemmwe e : oo -
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" timum corn acreage increases to 60 percent of the total. Silnilar_;percentag"eﬂ;:

acreage changes can benoted__at other price levels for corn ,"; soybeans and = -

nitrogen. While,these changes are significant, it is important to note that

within most expected pricevrelati_ons’hips bo_thiCorn and soybeans are: pro':_duced; 7.

This results largely from the impact of yield losses;dlie to timeliness f,_actorls:j__'_ -' AL

'fornboth harvesting and planting. Due to the timeliness losses Whic'h occur. -
‘as a higher p‘ercentage of cropland is devoted» to either corn or sOybeans,"...
“'substantial deviations from normal com-soybean price relationships. are

necessary before all of the cropland is planted to either corn or soybeans.,. - ..

This would indicate that short-run adjustments to price changes may be con-. - -

' 'siderably less‘ than long run adjustments where farmers,wou-ld have an oppor- .
tunity to change .machinery-land .relationships and.vthus perform tasks in a oy
more tirne'ly nature.
The'.i'mpact of changing com drying costs was also tested. The.effect...'.

of these>CMnges on corn-soybean acreage balance wavs mlmmal as optlmum ;7
_ v_solutlons held overa wide range of drymg charges.' Undoubtedly some of |
.’ this rigidity was due to the linear nature of the model; however, it is apparent

that w1thin recent corn and soybean pnce ranges | drymg costs w111 not

ma'terl.ally affec_t optlmum corn acreage, v : f :

A sensitiv‘it:y analysis was condticted to ‘determine t_he _im_pacts .of'

| variati ons in .p‘l'antlng’andv harVesting'technical‘efficienCie‘s ‘on the optimum |
: com-so?bean balance acreages'. It appeared.that,the. results in Table 3 were..-.
| sxm11ar for farms whose technical productlon efficiencies dev1ated by approx1-

| mately 20 percent from those techmcal efﬁcienmes used in the analy51s .
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_ CONCLﬁSIONS

" The preceding discussion has prévidéd some clues concerning the
threé questions posed at_the'beginn-ing of this paper.:» Thé féfm situation .
analeed'in this study has presented some ‘in_s:ights into the effect of
nitrogen prices on the_optimum nitrogen application rates, the effect of
nitrogen prices on the proportipn Qf cropland to be planted in cbm ;and
tﬁe effect of corﬁ_and -soybean pr’i‘cevs on ‘op'timu_m acreages of corn and
soybeans. Significantly, the'computed changes in crop acreages were
insensitive to small changes in the assumed technical‘produ_cti,on effi-
ciénciess This insensitivity would indicafe that farmers under a broad
range of conditions _should make similar adjustments in respbnsé to price

changes.

" Adjustments in -Nitrogeri Levels

Af recent price rangés of $2.50 'to $3.50 per bﬁshel for.com and .

'$.20to $§ .,40: pe‘r"pound_fbr ﬁit;ogéh ,’ ap'plication rates of ni_trogen on c‘o.rn‘
are not gféatly -affected. Optimum nitrogen application rates differed by
15 percent at the extremes of these ranges ($2.50 corn and $.40 nit_rogén |
. versus $3.50 com andv $.20 nitrogen). Furthermobre,_ vields differed by - .
approximétely 8 percent between the extremes of these ranges. It appéars
that while pﬁce changeé Within recent ranges would have some influence
on opﬁrﬁum nitrogen utilization and }}ield levels, optimal fertilization .-
programs for comn farms would be changed .only.slight,ly with changing

nitrogen prices.



13-

Adjusting Acreages of Corn and Soybeans

Changing nitrogen prices,. however, do have an 1mpact on the proportion
. ; .6f c_:ropland in corn. At rece_nt price levels, for com and vsoybea-ns, increases; .
of l:0 cents ‘per' pound 'for nitrogen result in the 'optimum ’proportion,;of_v c'o‘rn;‘

| :decreasing by 6 3. percent of the cropland acreage. |
}Changes in the relative pnce of com and soybeans may have the
= greatest impact on determining acreage balance between these two crops.
However, yield losses due to the timeliness factor dictate that at least
' part'of. the acreage w111 be devoted to*each_c_ro‘pover a. broad range of prices- . -
.-in the 'shorterun > o | ‘ | |
*‘v“’v’Finally, 1t is apvpar}ent that.optimum .corn and S'o&bean acreage in this =
short-run anal}isiscOuld not be accuvrately- predicted by the coni.:—soybean
price ratio. "Due to‘the“ability of the farmer to adjust his fertiliéa’tion rates
at the time of planting, al-l'inputs in the 'produc-tion' vprocessvare’not_fivxed‘..
~ For example as com prices increase it is. prof.itable to use additional nitrogen. g
‘ A'I'his will increase com production relative to soybean production at high |
prices andv_ make the return to fixed resourcesr‘elative'ly more for corn’ ev‘en
though the corn-soybean, price ratio remains constant. 'Thusr, because of

_the inseparability of corn prices and fertilizer rates in the short-run, optimum

proportion‘s ofvcom and soybeans can be predicted 'onl'y by viewing-the absolute - -

level of corn, soybean and nitrogen prices.
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