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,nnlver51ty ofL{;ssour1—Columb1a ,
Departnent of Agrlcultural Econ.s

‘J;AQRICULTURE AND ENERGY-' THE INTERLOCKING‘PUZZLE -
. . T uhm[,, \eﬁUN QF
O ONOMICS

Harold F. *Brelmyer o
Professor of Agricultural Economlcs -
i - and: ExtenS1on Econom;st e

‘jtThere exlstSaaV81ngle uhlfled system from .-
oneend ofthe cosmos-to the’ other,‘ln the L

last ana1y51s, everythlng 1s energ I3

fm;-— Barbara Ward . and Rene Dubos in.
‘ Only One Earth { L

CE U R ‘.'.; : YL e .’:,:.'::?
From the anc1ents who saw flre, water, air;, ‘and earth:
as the four .elements -to-the modexn- scientist pondering all”
creatlon, the search has been .on for -a. common denominator to’
the universe. Mystlcs see it:as.a. Spirit. There are sol-c.,”*”
ipsists among us who deny the idea of reality and trust only
their own senses. I have thought that notion to be the .
ultimate in egocentrlcity. ‘Solipsist" ‘psychology” réminds that
a true 'scientist is first of all an extrovert, preoccupled
with what goes 0‘ around ‘him a”d not w1th'h”mself““ e

: Phy81cal sc;entLS"?of our era puzzle over the'atom1c27ﬁif
table.asﬁthetkey“toﬂuniVérsalit
Dubos, guoted above, see ener“

fﬁv jgrlculture, we can readlly
interpret its-organic processes ‘in terms ‘of energy.. I put
my students - through ‘the' cdatechisms:  *What is’ agrlculture,ovj' e
bas1cally°" 'The answer I wait for -=- sometimes for'a while’ —_—
is that agrlculture igithe site where energy recelved from
the sun'is-‘absorbed by the chlorophyll of growing plants ‘and’
converted into’ forms Ussful’ to manklnd I downplay the sorl,
calling®it mainly"~ ‘ahchor and’ sponge, 'and even regard thej‘ i
rootsand stems of" plants as llttle more than supportlng

s

The 1mage isharbit fanc1 u¥ ‘and: dlsregards the fact
hat plant products embody more’‘than hydrocarbons as. energy--
bearers; they contain minerals too, - and vitamins. But there
is somethlng mysterlous, awesom',*and other-worldly about the e

Obv1ously, th1
a secondary category.

Talk glven at Farm Electrlflcatlon Conference;ﬁﬁ”‘
Mlssourl, Columbla, MlSSOurl, February 2, 1982._



attentlon is thereby dlrected to a performance ratlo in agri-
culture that has been underapprec1ated, namely, the energy-
conversion efficiency of the plant. In my classroom instruc-
tion I call this the first-energy efficiency ratio of agricul-
-~ ture. How well -- how efficiently -- do plants capture and
/1ncorporate solar energy’ We need“to‘ask :

The answer is that they'do badly.- Of the energy con-
tained in the sun's rays falling on the best Missouri corn
field, only about:two. percent’ls 1ncorporated in' the corn
plant, and only one percent in the: grain.: “This is an appall—
ingly low figure. - QOne-way tbo tantalize: agronomlsts is to
challenge them to double or trlple that ratio!. Think what a
boon it would be to the worid's" food supply if. the corn _
fields of mid-America would convert ' three percent of the sun's
exargy to graln, 1nstead of one percent . .

Inc1dentally, I- read that ‘P .
roots‘are’ .  bette¥ dnchors’ than nutrlent—conveyors.‘ "OLlL T
feedlng of soybeans apparently’wlll add‘materrally to yw 1ds.wij

‘Power and Fert1117at10n

The' second‘energy ‘atlo of agrlculture relates to the
‘role of energy in the cultural practices employed in modern
farming. Energy is required to pull:a plow or milk: a cows
and huge quantltles of.. ene ay are. censumed AAn . manufacture of!
nitrogen” fe,tlﬂu” ”lby th,mHaber~Bosch process. -that uses- :
‘natural gas as feedstock It overstates only a little to

- say that the hlghly~pralsed technologles introduced. to agri-

culture in our. century are to large. extent energy~based. Even '
the metals .of machinery r qulre encrmous quantltles of energy T
in their’ manufact‘ il . aai T an o : A

And so calculatlons are made of the ratlo betWeen the=:¢‘x
amount of 1ndustr1al -energy. ut111zed in. agrlculture (the
denominator) and the enexgy. co tent of harvested- ‘products
~ (numerator). That ratio varies a; great deal:. accordlng to‘the o
cultural practlce followed and the commodlty produced.: In. my. =0
judgment the ratio will become stock in trade for agrlcultural
scientists, just as. Amportant as; yield. per‘acre or. output per i
man.\ I Wlll c1te a few data below. . sienin mi nlA e S o

_ But let S phllosophlz ¥ . Energy _or cultural
practlces, and’ the second energy,”atlo as -a: performance
measurement, are subordinate to the first conceptuallzatlon

and the. first energy ratio. . .We say. we use. industrial energy

to replace. human labor and anlmal drart power, ot; in the u.me o
case of fertilizer, to prov1de soil nutrients, Well, that is
true. But in a different sense all we do is make. the soil-

more hospitable. for the plants, so that: the chlorophyll can- o
do its job‘better. fW v . 501 f,and humus and water:
and mineral nutrlents' we 1nv1te mlcroorganlsms below the
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surface and lscourage unwanted flora (weeds) above 1t .
Mainly, all-we. arée trying to: accompllsh is: to. ekxpose’as: much :

leaf surface and- chlorophyll of: the plant as p0381ble.

. In. the vernacular of our: day, the flnal4test, the: bottom '
llne, Ais ‘how. well that plant.. takesi. solar energy*and +tutns out
hydrocarbons. The flrst,ﬂnergy ratlo 1n agrlculture 1s what
counts most. Ty fe s puiToe Y

In today s. farmlng At 1s taken for granted that nearly 4
all the. .energy - used in: cultural ;practices; comes: from: 1ndustr1alf
sources, that.is-to say, from-fossils fuels. . Thls istnot: s o
necessarily the case. - Photosyrnthesis in:green:leaves takes
place irrespective of: whether ‘the plants ‘have:been’ cultivated
by hand or by machine.. AS, recently ‘as my . own:« youth miuch of™
the power came from ‘organic. sources,-even.seme from.my:- NUS019$f=
Sure, one reason I:left the farm was ‘to aveid i “"owsiby "
hand -on a cold morning. -But-I have: never: ‘believed that- ant
mechanical milker was more-skilled~than my blg flngers. A
well aimed ‘hoe: w111:k111 weedswbetter ‘than ‘ fherb101derﬁ

A51de from’sparlngadrudgery, : £
is add to . the total resources: made . avallable o agrlculture.'
The clearest illustration. 1s~replacement ‘0f hor:
by motors of: all -kinds, even: generators of elec”“
that the. product of 60 mllllon crop"\ s

In thls regard the ethanol enthu31asm ‘ofa’ year or two R
ago presents a fascinating questlon, In. terms of utiliza-
tion of resources, feedlng corn to a. horse or..furning it into
ethanol for tractor fuel are of the same, genre..l I. have
wondered what the: comparatlve efflclency of. the, two processes
mlght be T fj 11y, of. course lot’ depends on: what

Manlf stiy,h
attentlon as ind

stock and[
bettery® o
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OPEC was the great teacher. - Most of us’ learned pretty
fast when the price of: oils jumped- from $3.00 a barrel to
$8.00, then $15. 00, and on to its' present- $34. OO. B

, The flrst energy ratlo draws the attentlon of plant ,
sc1entlsts. . Although not’ usually labaled that way, the: new: -
thrust towatd genetic engineering in-plants can be regarded
as a search for better solar—energy conversion. . .

More emphaSLS, and a ‘mote: famlllar ‘kind of research _
is: devoted to-the: energy ‘efficiency of cultural’ practices ‘—- -
the second -energy: ratio. : This involves both research into
new or. modified practices,.and- select1v1ty among the wide"

range: ‘of choices available.: It carries“a couple of side’ ﬁmi;‘;F

issues; however, ‘both unwelcome.y ‘The first is the wish’ to
avoid reducrng agrlculture s.output materially. - Obv1eus1y,;~f
the .energy ratio can be improved if we:cut:.back on various .~

of the y1eld—1ncreas1ng technologies. _If nothing else is: done,r

total farm output w1ll be reduced.  That “is‘'not ja’'desirable .
outcome. The second ‘side. effect: relates to use ‘0f power to
spare human labor. Although my farm management friends are
repelled by the idea, I. conclude that U.S.. agrlculture w1ll
swing slowly back toward being more labor ‘intensive.  And I -
- dotbt .every tractor- operator will enjoy an ‘airconditioned;

rad10~equ1pped cab. '.In view of the number of youth'who arej~r’“

‘uneniployed I .am: not . sure a:-little more¢ 'hand work would be
bad. Some could go. toward -protecting soil and water. A
likely-outcome, though, is employment of more Hlspanlc
workers ‘in: U S.. agrlculture.gf, TR SO IV S . -

Wldely Ranglng Eff1c1enc1es ;”

Almost a decade ago G Hi‘ hel at ‘the COnnectlcut
Agr1cultural Experlment Station won a blg readershlp for . a.
small bulletin’ti'tled "Comparative Efficiency of Energy Use
in Crop Production." "Z . He. presented shocking data ‘contrast-
lng,at the: extremes,: the efficiency in energy use ih: paddy
rice productlon in the Philippines and irrigated rice in
Louisiana. Slnce then other studies have .developed more. and.
better data ‘for various cultural practlces.p I usually e
generall7e that corn and wheat- in’the midwest yield two- to S
five times the quantlty of" energy used in productlon.ﬂ A few ‘
-vegetables are’ 1neff1c1ent, with~ ratios. 1ess than 1.0: but _
they are eaten for tas “and ‘to Fi1l® stomachs w1thout over—
feeding =-‘that is to’ say,'overfattenlng.' The dlscouraglng
1neff1c1ency is animal agrlculture, ‘and:the more so. as we
use confinement operations and grain:feed. Even range pro-
duction does not show up well. Apparently chemlcal lertlllzaw
tion of many. pastures plus- riding .the:-range, as we used to" " -
sing, in‘'a. Ford V-8 instead of -astride a horse;: contrlbute a
considerable energy 1nput.. '

2pulletin 739, 1973.



Reduced tlllage and other changes belng made incultural
practlces ‘are: energy: savrng.‘ They are fanlllar and need not
be rev1ewed here. PR DA e i :

”“ggg“ stng Farm Products for Industrl_l Energy

I have already referred to the gasohol enthu51asm, part ‘of
the broader issue of biomass: ~In principle’this is little
different from feeding hay to horses, or mules. Forva ‘genera-—
tion most of the energy content of: the- products of agrlculture
has gone dlrectly or 1nd1rect1y to human alimentation Excep—
tions are the wearlng ‘of textiles, the burning-.of ithe. tobacco t
leaf, and the use of a- few.- mllk{and soybean products An S
industrial adhesrves and: other products. - Until the lastﬂfew
years only a llttle Adand:has: been deveted - toO produc1ng wood
for burning. . The only summary points: I’ offer hered are that;h”;
any substantial-use of the crop products of agriculture for
industrial energy would cut-deeply into ‘our: food supply, re-. -
moving ‘at least half' the animal . products from American diéts,
Lots '0f us would become nean‘veaetarlans without meaning: to."
Yet if: and wheh -an ehergy. ¢risis:comes it is .conceivable that -
we, would in fact: prefer: to divert. ‘appreciable quantities of
our' farm crops “into motor fuel. '~ We would- also: spur agrlcul—
tural production to ‘the: utmost;: creating worrisome problems. .’
of protectlng the marglnal sorls that would be p1owed.‘ e

ThlS is’ one of the more dramatlc, even eXp1051ve.
aspects of the agr culture—and-energy equatlon.wz. AT

,ibutiOnﬁ':‘ ’

‘rgy 1n Foovaroye551ng_and Dl'

‘,So far as’the entlre foo‘;system 1is concerned - or,ﬁjix
for that matter, the total foodtand textlle system - the'mg“'“
big use Of ‘energy takes place past the farm. Data usually -
quoted are that. the food system absorbs 16.5 percent of all
energy but of this only ‘a f£ifth, or 2.9 percent,is accounted
for by energy for farming operations. Moreover, more =
energy is used in manufacture of nitrogen fertilizer than in
power for field operations. This raises a nice question,
incidentally, of what will happen to fertilizer prices if and
when the price of natural gas is decontrolled.

- I quote these data not in order to minimize the role
of energy in farming or to suggest that field operations are
not a fruitful place for conserving energy. An erg saved today
is an erg retained for our future, wherever the saving takes
place. What I am leading to is an idea seldom discussed,
namely, that we may find it necessary to choose those kinds
of products of agriculture that lend themselves to human con-

3 . : e ' e
I and others have written quite a lot on the question the
last year or so.



sumptioﬂ“Without requiring:.energy=intensive: prbceSSing”and
distribution. = Some food products by’ ‘their: nature require -

lots of handllng and preparation.  An interesting-:nugget for
speculatlon is that some of.the animal‘food-végetable: food
comparisons: may. be ‘reweighted..  For . .example, - producing -an ;
egy may be energy—1neff1c1ent but it surely moves . easily from~
~the hen to the human stomach. At one time in my llfe, before
I learned,about salmonelTa, I ate raw eggs.‘. e A -

Postscrlpt oqe

The only concludlng note I offe *lS that the whole t0p1c
of energy and agrlculture is rapturous c=Itrhas so many. .o
facets! "Agriculture is a Droducer of energy, better stated,.
it'is. a converter :of -energy. - In ‘the last generation agr1—1~~
culture has::converted solar energy primarily:into: forms that
are consumed directly or indirectly.as human food. ' The power :
scurces for farmlng have been 1ndustr1a1.=ﬁ:f~.“. e s i

The most dramatlc confrontatlon arlses from trylng to.‘
.economize ons 1ndustr1a1 energy: used: in farming operatlons, _
even as ‘pressure . bullds to: . divert. the products of- agrlculture
back ‘intormotor fuels: == analogous.to the onetime .division »
of ‘the oat: croo between oatmeal for‘humans“ nd oats graln for;:
horses.. T R RE IS e woa T T

Even so,fthe hldden factor, the sleeper, Ln the whole

~ matter is how- productlon ‘on-the farm may be modified in "
- order to reduce the heavy energy component of getting products
from the farm- Lnto consumptlon. I -can foresee changes arising
from this force that will affect the products ‘produced, form

of dellvery,,deflnltely the geographic location of production,
and of course the means of cransportatlon, processlng, and ’
storage that are employed. : : ' ot

Fugged but they will be
1nterest1ng.qﬂl LT me T e e

_Stitk, am‘md‘ Things may get




