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YENFRGY: INPUT-OQUTPUT SEMULATION ‘6F MIDWEST CROP PRODUCTION

AUSTRACT

A sirmulator was develcped to evaluate
alterpmative agricultural practices for en-
ergy efficiency in Midwest crop production.
It uses seven years of real veather data,
including farmer observations of gocod work-
ing days which are used to sirnulate when
field operations could be performed. Solar
radiation, temperature, rainfall, and fer-
tilizer inputs are used to calculate crop
ylelds and harvest dates, The simulator
uses inputs that describe the operation of
a farm including the crop rotation, opera-
tions required for each crop, and the ener-
gy requirements of the operations, A
priority systen is included to determine
the order of performing operations. Out-
puts summarizing crop production and enersy
use on the farm are produced by the simula-
tor. Crop growth submodels are included
for corn, winter wheat, soybeans, alfalfa

hay, and hairy vetch, a legume which |is
piowed down for soil improvement.
INTRODUCTION
An  Agricultural Energy Input-Qutput

Simulator (AGHNRG) has been developed at
Purdue to evaluate alternative agriculturel
practices for enersmy efficiency in Midwest
crop production. In this evaluation it was
necessary to determine how alternative
practices would affect the productivity of
the farm as well as measure changes in en-
ergy inputs to the farm, Practices that
reduce energy usage in one component of
crop production might increase energy usage
in another conponent,
reduce crop ylelds and wipe out
in energy savings.

any rains
The large number of in-

teractive effects hetween cultural prac-
tices and weather that affect energy use
and crop output make a systems approach a

necessity.

The simultator was used to evaluate the
severa21 -energy-
saving practices :and to-compare ~«thém :with
practices. ~1its rasults were
then used to evaluate the economic feasi-

or “significantly

* of the simulator is described. An
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hility of the practices in the Purdue Farm
tlanagement lodel B (8) or a related farm
managerment linear prosrammine model.

The present version cf the simulater

does not explicitly include animal produc~-
tion operations. However, animal manure
can be used as a plant nutrient in the

simulator and crop output is reported In a
format that allows ready calculation of its
value to livestock, that is digestible en-
ergy and protein.

One of the most important features of
the model is that it does not operate under
statistically average weather conditions,
The simulator, which goes through the fieid
operations of tilling, planting, etc,
throush harvesting, does this on the basis
of actual weather data for a specific year,
The crop vields are determined on the basis
of the sarme weather data through the use of

crop vyield submodels. This actual weather
feature is imnportant hecause a practice
that 1Is optimal for an averase year might

completely fail in a poor weather year and
be suboptimal .over a period of several .
years, At the present time seven vears of
weather (19(8-1974) ‘are available to the
simulator. 0of particular importance in
this weather data are cobservations of many
farmers in west-central, Indiana of which
days were good workine days. For each
week, the average fraction of days being
repcrted as good working days has been made
available to the simulator. It is used to
calculate when operations can he nerformed
in each individual vear. Thius, the actual
cropping -operations-are subject to weather
variation as they are in actual practice.

INPUTS

and - out-
be helpful before the operation
outline

A description of the inputs
puts will
of the inputs follows:

l. Farpr Parameters

A. Size of :farm in acres

B. . lumber of egual~siized field
sections into which the farm
will be divided

c. Working hours per day

Winter Simulation Conference 461



462

Energy Sim. of Crop Prod.

P, - Horkine days per wéalk
E. Crop rotation
F. Number of men

G, o tachinery

1. Hame
2. NHumber availeble

. Alternate crons that may, be
used if it bhecomess too late
to plant regsular crops in
the crop rotation

Enersy tnit VU'sed in the Simulator

Energy Sources

AL Hame

B. tnit of source

C. Eneray units per unit of en-

ergy source

liutrient sources

A, lame

B. linit of source

c. Energy units per unit of nu-
trient source :

Crops

A Crop name

P. Mutrients required for crop

C. Operations required for crop
1.° Oneration nare

2. Operation priority
number (1t must be
unique- for each cpera-
tion and must he an in-
teger betvicen 1 and 50,
inclusive, Lover numn-
bered. operations have

~ higker priorities.)

3. Rate in acres/hour
(Hon=positive rates in=-
dicate instantaneous
operations.)

L, Men required

5. Earliest starting week

6. Latest starting week

7. Alternate operation and
crop year used if la-
test starting vmeel is
pessed and operation
has not started

8. \‘hether or not opera-
tion requires tillage

9. toisture content (for
startinz harvest and
finishing drvinz only)

10. ttachinery required
a. Mame
b, Wumber
11. Energyv and nutrient
* sources required
a. ‘lame
k. Arount

D, llext operatien and crop year

after crop is finished (de-
faults to first operation
for next crop in crop rota=
tion if not specified)

£, Operational branches (groups

of operations not normally

performed which can he used

if mormal operation cannot
+ he started By the latest

December 5-7, 1977

Vitl,

startine week or to provide

alternate tillage stratesies

to follow different crops)

1. The tyne of the first

- operation in the hranch
(yield multiplier, .
“pre=planting, plantine,
post-planting, harvest-
ing, drving, or post-
harvesting)

2. Operations in hranch
(requires the same in-
formation as "Opera-
tions required for
crap')

3. The next opetration to
he performed after
operational branch is
finished

Vi, flumber of Operations “ormally

- Performed in the Snring That Can
Be Performed the Previous Fall

vit. Initial Conditions of the Field
Sections .
A, Crop year in the crop rota-
tion

R. Fertility

C. First operation .

r. Plantinz date if a crop is
currently grovings

Weather Nependent Nata

A, tleelilv good workin= day. data

B. ECG data for corn growth (6)

C. taturity date data for corn

n. Thormpson's rmodel Vield data
for wheat and soybeans
(1€,17) i

E. Nates of first killing
frosts

oUTPUTS

an outline of the outpute of the simu-

lator for each year follous:

l. Year
i, Crops
A Crop name
B, Acres planted
C. Total yield
D, For each period (pre-
ptantine, nlahtine, post-
plantine, harvesting, and
post~harvesting)

1. Amount of each energy
and nutrient source
used in the period

2. Total energy used in

the period

3. Starting week of the
period

L. Finishing week of the
period

E, Total amount of each enereay
: - and ‘nutrient 'source used for
the vear :

Feo Total energy used for the
year



1. cum of Each Enerayv an- Hutrient
Source ltsed in A1l Crops for the
Year
v, sum of Tetal Energy Used in All
‘- Crops for the Year

vhen all vears have .been sirmulated, 2
summary of the averages of the above quan=-
tities is included .in the outnut., In addi-
tion, the followinm averages are Included
at this point:
rigestihle Energy in Crops Grown
Nigestible Protein in Crops (roun
Ratio of Nigastikle Enersy to To-
tal Energy Used
1v. Ratio of Digestible Protein to

Total Energy lsed

OPTRATION OF THE PAI SIPULATOR

nfter all of the inputs have been read
by the simulator, the first operation in
each section is placed inte @ job queue in
order from the 1lowest operation numker
(highest priority) to the higrest, In case
of a tie, the operation from the loviest
numbered section is first., Then the max-
imum  number of workine hours per week is
computed by multiplying the working
per 'day by the working days per week, The
number of ecach machine tvpe and the number
of men are then multiplied by this quentity
to give the maximum machine-hours of each
machine type and men-hours, respectively,
per week,

At the beginning -of each week, the
maximum machine-tours of each machine type
and man-~hours per week are nultiplied by
the fraction of good workine days reported

for that wveek to give the availeble
machine~hours of each machine tvpe and
nan-hours, respectively, for that week.

tries to perform each
operation in'the job queue starting with
the highest priority operation. |If ade-
quaste resources {(manpower and machinery)
are available, the operation is cormpleted,
Then available resources are recalculated,
amounts of energy and nutrient sources used
are comouted, and the next operation tc bhe

The simulator then

performed in this section is placed inte
the job queue. {owever, if adequate
resources are not available, encugh of the

operation is completed to exhaust the nmost
limiting resource, and available rescurces
are recalculated., After an operation has
been attempted, its alternate operation is
placed intec the job queue if this 1{is the
last week the operation can bhe started and
it has not dene so. %o operation is worked
on before its start date nor is any opera-
tion requiring tillaze worked on after week
35 (ending DPec. 5) because the ground is
assumed to be frozen or otherwise
able after this date.

henever a nev.: operation is to be
placed finte the job queus and it is te be
performed in the following vear (including
spring operations that can he performed in

hours"’

untill=.

each

the fall), 50 is added teo its priority
number as an indicator. |If the last week
the operation can be storted has passed,

its alternate operation is placed inte the
job queue- instead.: If the operation has a
higher priority -than the - operation fronm
this section vhich it is toc replace, the
simulator will immediatelv try te perform
it before placing it inte the job queue.
dev  operations are placed into the job
queue behind all operaticns vith equal or

Tovver operation priority numbers and ahead
of all operations with hisgher operation
priaority numbers,

The operation priority numbers indi-

cate the corder that competine operations in
different secticns will be attcrpted, not
the order which a series of operations will
be attempted in an individual section,

Folloving is a simplified illustration with

coern being grown in one section and wheat
in another.
CORM FULL FHEAT
PLOVING 1 PISC] 19
DISC1 7 ‘Drac2 18
APPLY HH3 G PLANT 17
p1sc2 5 FERTILIZE 2
PLANT 3 HARVEST 9
CULTIVATE 10 PRYINC 8
HARVEST 13
DRYIHG 12

Each crop begins vith its first operation.
For corn that would be PLOWII'G, 1, After
completing that operation that crop's next
operation comes up, eg. DISCY, 7, Prefore
attempting operation number 7, the simula-
tor will cheeck the othker sections for a
priority number lover than 7. Since wheat
was planted in the fall in the other sec-
tion, it would have completed operation
number 17 (PLAHITIIr) and have operation 2
(FERTILIZF, assumins it is the first snring
operation) in next. Since 2 is lower than
7, wheat would he fertilized, bringing
operation § (HARVEST) up next., However, 7
is lover than 9, so the first corn discing
would be done next., This continnes in like
manner until completion.’ However, If In
the first week, thefe iere not encuch
ploving-hours available to complete ploving
tfor corn, the simulator would try to con-
plete vheadt fertilization. Then next week,
it would try to finist plowins for corn.

After all operations have been at-
teripted, the simulator rmoves on teo the next
week and repeats the above procedure.
After 211 LO weeks have completed (The
first week hegins I'‘ar. 29 and the last week
ends dJan, 2.), the simulator computes the
amounts of energy and nutrient sources used
in unfinished operations, initiallzes the
job-queue for -the next year, and produces a
surmary for the year of the crop acreages
planted, total crop vields, the amount of
enerey - and nutrient source consumed
and the  time interval required by each
operation type for each crop. The simula-
tor then moves on to the first week of the
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next vear, After all years have heen sinu- P, plantine ueek (Week 1 starts Mar,

lated, a sumrery of _the averases  of the 25.)

values 'in the 'vearly surmaries-plus averace . TY, “yield-predicted: by-Thompson's

digestible enersvy and protein cutputs and ~ models (15,16) for+indiana for

output/input ratios of these with total en- * the given crop with 1974k~tethnol-

ergy .input are-nroduced and the simulation ozy (bu/acre)

is terminated. . Y, -yield of crop after losses
(bu/acre)

Reference (13) cantains rore detailed YB, base yield before losses

documentation of AGMRC ihcluding a listing (bu/acre)

of the corputer program with a description YF, vield rmultiplier for early frost

of all variahles, a conceptual flew chart, (0-1,9)

and a detailed description of the Jata in= YH, vyield multiplier for late harvest

put format. (0-1.0)

Y, vield multiplier for high rois-
ture (0-1.0)
CROP SUBMPDELS YP, vield multiplier for late plant-
ing (0-1,0)
The sinulatar contains a crop grovuth

and harvesting submodel for each different For the grain crops, the vyield s
crop vhich compttes the moisture content of deternined hy the equation:

the crop, determines if harvesting can be-

gin, determines the crop yield after har- Y = YR % YE * YH % YI' + YP

vesting losses, and computes the fertility
levels after harvesting given the current
week, vyear, and fertility levels before
harvesting, Currentlivy the simulator con-
tains submodels for the three basic cash
grain crops in the !'idwest: corn, winter
wheat, and sovheans. Short-, mid=-, and
full-season varieties of corn have all been
considered, Qubmodels are also available
for alfalfa hay and hairy vetch which is
plowed - down for soil improvement, neither
being based on weather data at the present
time.

vhere some of these nultipliers may be uni-
ty. In addition, the yield ¢f any crop can
be modified by including a vield multiplier
operation which will rmultiply the vield by
a constant. For example a (.85 multiplier
was used in an operatiocnal hranch that wes
ohly executed when corn cultivation was
rnissed. In the followine sections, it will
be assumed that no nutrients are 1limiting
except nitrogen in all the crops.

All of the crop submodels have been CORN SUBMONEL

formulated so that yields are determined by This
entering a yield table for the particular
year and crop and/or performing some simple
calculations once for each crop (once for
each cutting for alfalfa) in each section.

is the most complex of the vyield
submodels, being c¢loser tc a true plant
growth model than a weather-vield regres-
sion model 1like those utilized for vheat

”w
o yield calculations are performed on a 3nd ]soygea?s. N :t %g?s hFhﬁ €CG factor
daily or weekly basis in the sinulator, ﬁve ope ’¥ ale w.;ch]app;OleaEef
All calculations that weuld normally be the amount o energy avatianhle or nho

tosynthesis. The ECG factor is comnuted by
accurnwlatine Adaily ECG (RECG) over a period
from six weeks hefore silline to six vieeks
after silking vihere:

performed on a daily basis have been roved
outside the model and their results summar-
ized in yield tables. Although this
reduces the flexibility of the yield submo-
dels by reducins the complexity of interac~

[ -
tions that can be considered, it results in DECG = _35 (1-e .79 LA ) _EI
very fast run times for the model, coo PET

used y:edzgll?gggi iﬁ: ?Sh;gzg?l? Wil be where SR is the solar radiation iIn lang-

) leys, LAl is the leaf area index, ET is the

ECC, enern¥f§rnp srowth factor for actual evapotranspiration, and PET 1is the
Ful ﬁﬁggeruof weeks from prenature potential evapotranspiration. The ratio
’ firs£ Piliinw frost to the matu- between the .evapotransplratlon. terms s
rity défo ‘ - calculgte? ga|1y ﬁy ;IMBAL, a.ngrstufe bal-

. . . ance simulator, ea area index is es-

HM, wet basis moisture content of the timated as a function of phenclogical day
. C{OD aE ?arve§¥gs?efﬁ?2toppn in and variety, The simulator's ' requirement
T %J? to ac-?zél phle Tied nlus for ‘daily solar radiation data limited its
C . B (1968-1974)- for aest-cential “Indiar> when
previous crop) it vas ~“eveloped, Recently, however, the
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solar radiation data for this area has been
extended to more than 20 years by estimat-
ing 1t with regression on Indianapolis data
but the necessary calculations have not
been made to incorporate this data into the
simulator,

Pale's model was adjusted to use total
nitrogen instead of applied nitrozen and to
taper off vield increases at higher nitro-
gen levels producing the following equa=-
tions:

IF NT < (6.528 ECG - 60.24) then,

YB = 8,266 - 0.1506 Ny ~ 0.00125 W]
+ 0.5088 ECG + 0,01632 Ny * ECE
othervise,
YB = 12.802072 - 0.4743168 ECG
+ 0,05326848 ECGZ

These equations are compared to ob-
served data with an ECG factor of 55 (aver-
age conditions for earlv-nlanted, full-
season corn) in Figure 1. Figure 2 shows
the yield as a function of total available
nitrogen and the ECG factor before losses.,

The early frost and 1late bharvesting
losses are based on values used in Purdue's
Corn Harvesting Simulator (12):

; IF FW (6
YF -

]

{1 - 0.0098 FW
0.6 s IfFFW > 6
YM

1~ 0.01 WM

"The high moisture losses are based on
data presented by Johnson and Lamp (9):

iIf HM < 23

-

1
YN =
1.115 - 0,005 HM ; if HM > 23

The late planting factor is set to un-
ity for corn because late planting losses
are accounted for by the ErG factor, The
maturity date for corn is assumed to be 506
days past silking and silking is assumed to
be 1300, 1400, and 1500 growing degree-days
(50°F hase) past the planting date for
short-, mid-, and full-season varieties,
respectively.

At maturity, corn is assumed to be 33
percent moisture (4) but It is increased
2.1 percent for each week the corn was
frosted prematurely up to a maximum of 40
percent (12). The following dry-doun rates
are being used before Nov. 1 (DPry-down fis
assumed to stop Hov. 1.):

Above 29% ; 3.5%/week (0.5%/day)
29% - 25% : 2,33%/veek (0.33%/day)

25% -« 17.5% ; 1l.b%/week (0.2%/day)

17.5% : 0

These rates are slightly lovier than those
reported by Johnsen and Lamp (9) for Ohio
and considerably lower than those reported
by Miles (11) for Indiana and Kiesselbach
(10) in Nebraska but higher than those re-
ported by Bruns (4) in indiana, At a later
date Bruns's dry-down model vhich requires
daily wvalues for net radiation, mean wind
speed, mean temperature, and mean dew-point
might be incorporated into the model.

Hitrogen carried over to the next crop
is assumed to he one-third of Ny up to a
maximum of 75 1b/acre (1).

SOYREAN SUBMNDEL

Since Thompson's model (17) was based
on state vield averages which include good
and poor land, adequate and inadequate fer-
tilization, early and late plantings, and
high and low harvestinz 1losses, it gives
relatively low vields. M*odel B (8) uses
average yields for early planting and early
harvesting of 48 bu/acre for soybeans and
60 bu/acre for wheat compared to 30 bu/acre
and 40 bufacre, respectively, used by
Thompson's model. Therefore the following
equation was used to compute the soybean
base yield:

YB = 1.6 TY
Thompson's model with Indiana coeffi-
cients was used with X1, the technology
variable, always set at &4k to indicate
current technology (1974), thus:
TY = 15,81 + 0.3236 X1 + 00,0401 X2
- 0.0015 X2* + 0.0743 X3 - 0.0095 x3°
+ 0,004 X4 + 0,0606 X422 + 1,0478 X5
- 0.0968 X52 - 0.0049 X6 + 0,0839 X&°

+ 0.9700 X7 -~ 0.4170 X7% ~ 0,1474 X8

- 0.0930 x82
where
X1 = (Year - 1930)
X2 = actual total precipitation from

Sept. through May minus normal
precipitation for the same
period, inches

X3 = actual June precipitation minus
normal June precipitation, inches

X4 = actual June mean temperature
minus normal June mean tempera- -
ture, degrees F

X5 = actual July precipitation minus
normal July precipitation, inches

X6 = actual July mean temperature
minus normal July mean tempera-
ture, degrees F

X7 = actual Aug. precipitation minus
normal Aug. precipitatlion, inches
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X8 = actual Aug. mean temperature
minus normal Aus, mean terpera-
ture, degrees F i

The following maturity schedule |is

used ‘for -soyheans (15,8):

Planting Dates CMaturity Date
May 17 and earlier Sep, 27
May 24, 31, and June 7 Oct., &4
.June 1%, 21, 28 Oct. 11
July 5, 12 Oct. 18

The yield multiplier for late harvest-
ing is based on data from Byg (5):

YH =1 -« 0,011 WM

For late planting, the following equa-
tion based on data from Swearingin (15} is
being used (Week 8 starts May 17.}:

1 ; if P8
YpP= .
0.5896 + 0,1099 P - 0,00735 P ; if P>8

Since soybean dry-down rates are very
fast and highly weather dependent and soy-
beans rewet very -easily, it was decided not
to use a dry-down model but to assume mois-
ture content is a constant 13 percent after
maturity, Therefore the
yield multiplier was unity. The early
frost multiplier vas also set to unity be-
cause frost never occurred early enourh to
reduce vyields 1in the seven year period,
Carry-over nitrogen to the next crop from
soybeans [s assumed to be 75 1h/acre (2),

WHEAT SUBMNDEL
Thompson's wheat model (16) with Indi-
ana coefficients was used, again using 1974
technology.
TY = 13.488 + 0,217 X1 + 0.93% X2
- 0.008 X2 - 0,228 X3 - 0,141 X4
+ 0,015 X5 -« 0,022 X5 - 0.317 ¥6
- 0,072 X6* - 0.397 X7 + 0,013 X7?
- 0,730 X8 - 1.21 X9

where
X1 = (Year - 1919) if Year < 1945, 26
otherwise
X2 = 0 if Year < 1915, (Year - 1945)
otherwise

X3 = actual total precipitation from
Aug. through Mar. minus total
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high moisture.

normal precipitatiom for the same
period, inches

X4 = actual Apr. precipitation mihus
normal Apr. precipitation, inches

X5 = actual Apr. mean temperature
minus normal Apr. mean tempera-
ture, degrees F T

X6 = actual llay ‘precipitation minus

. normal May precipitation, inches

X7 = actual May mean temperature minus
normal May mean temperature, de-
grees F

X8 = actual June precipitation minus
normal June precipitation, inches

X9 = actual June mean terperature
minus normal June mean tempera-
ture, degrees F

Data from Swearingin (15) was used to
produce the following equations:

If NT < 200 then,

YB = (0.3 + 0,012 NT - 0.00003 N%) TY

otherwise,

YB = 1.5 1Y

As with seybeans, the early frost and
high moisture multipliers are hoth unity,
The following equation based on data from
Richey (14) is being used for late harvest=-
ing:

YH = 1 - 0.02 WM

Data from Swearingin (15) was used to
adjust for late plantine as follows:

1 ; P ¢ 28 (Dct.l)
Y8 = -
1.84 - 0.03 P ; P > 28

Wheat is assumed to be mature at 22
percent moisture on June 28 and dried down
to 14 percent on July 5 and after (14,3),
Nitrogen carry-over to the néxt crop is as-
sumed to he one-third of the total nitrogen.
up to a maximum of 75 ib/acre (same as corn
as no data was found).

ALFALFA SURMODFL

Currently a very simple yield model is
being used based on harvesting week:

2.3 ; 1f 9 <HW<15 (normal 1st cutting)

1.7 ; if 15<HW<21 (normal 2nd cutting)
Y=
: 1.3 ; If 21<HWC24 (normal 3rd cutting)
0.7 ; if HY > 30 (normal 4th cutting)
where Y is the yield in tons/acre and HW is
the harvesting week, The nitroren carry=-
over is assumed to be 150 1b/acre.



VETCH MODEL

Since the hairy vetch is plowed down,
no vyield model is used and the yield shown
in the output s the total nitrogen added
to the soil. The following equation is be-
ing used for the .amount of nitrogen a-dded
in 1b/acre «(Nap) in addition to nitrogen
carried-over from:the previous crop:

10 W+ 15 ; If 2 W L8
NA=
100 ; IfwW>>38
plowed

where W is the week the vetch is
down (W = 1 starts Mar. 29).

RESULTS

The major results of early runs of
AGNRG with economic analysis provided by
the Purdue Farm Management Mode] B are sum=
marized below:

1. Digestible energy outputs per unit
of energy input for Corn Belt
crops on non-irrigated, productive
soils range from 6 for corn and
wheat to 10 for alfalfa and 12 for
soybeans. Inputs not iIncluded
were energy for machinery manufac-
ture, seed production, and labor,
calculated to be less than 10% of
the total inputs.

2, A winter legume cover crop between'

soybeans and corn in the rotation
can improve energy efficiency by
20% and can aid in soil and water
conservation, but at current
prices,
more expensive than the nitrogen
fertilizer (which accounts  for
about 50% of thée total energy in-
put to conventional corn produc-
tion) it saves and corn yields are
reduced by delaved corn planting.

i1f the vetch 1Is killed by a de-
foliant instead of plowing it
down, the corn yields are not re-

duced, but the extra nitrogen and
herbicide
sive at current
corn saved,

3., A rotation including one- thlrd al-
falfa can improve energy efficien-
cy about 20% over a corn-soybeans
rotation and be just as profitable
at current prices with good alfal-
fa yields.

4L, relaying harvest to reduce energy
for drying corn is not profitable
at current prices, hut develop~
mehts In crop residue gasifica-
tion, heat pumps, and solar and
lTow temperature drying could
greatly reduce the fuel ‘require-
ments of drying (about 25% of the
total energy Input to conventional
corn production),

5. Production of douhle-crop wheat
and sovheans 1is 25% more energy
efficient than wheat alcne, but

establishting the cover is-

needed are more expen=-
prices than the

less energy efficient than soy-
beans alone and 1less profitable
than corn' or corn-soybeans rota-
tions at current prices.
Doering (7) gives a detailed description of
the -project ~for which this simutator was
deveioped. He also presents more detalled
results of this study including results
produced by the simulator.
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Figure 1. Adjusted energy crop growth model (ECG) Avatiable N (16/4)
compared to othér data on corn yield response to Figure 2. Corn yield response to nitrogen
nitrogen and weather in adjusted ECG model
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