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Severa l  yea r s  have p a s t  wi th  l i t t l e  being sa id  about an energy crisis. 
Yet t h e  world has  less energy today than  i t  had a t  t h e  h e i g h t  of t h e  energy 
crisis. More r e se rves  of f o s s i l  energy have been found and some of these 
re se rves  have been developed; however, i n  ways we may have p o t e n t i a l  less 
energy now than  we d i d  then. Nuclear f i s s i o n  has grown i n  d i s f avor  as a 
source o f  energy, cons t ruc t ion  o f  breeder- reactor  p l a n t s  has been h a l t e d ,  
and, a t  times, t h e  country has appeared t o  be on t h e  br ink  of restricting 
t h e  use  o f  h igh  s u l f u r  coa l .  Energy consumption i n  t h e  U.S. h a s  been far  
below t h e  p r o j e c t i o n s  o f  a few y e a r s  ago. 

ROLE OF ENERGY CONSERVATION 

What accounted f o r  t h e  r ap id  t r a n s i t i o n  from crisis shor tage  t o  a 
g lu tenous  oversupply? There were a number o f  con t r ibu t ing  f a c t o r s ,  but  
first and foremost was energy conservation. Americans i n  genera l  adopted an 
energy conserva t ion  a t t i t u d e  during t h e  years of t h e  energy cr is is ,  and it 
still affects our l i f e s t y l e s  i n  many ways. It is apparent  i n  t h e  smaller, 
more f u e l - e f f i c i e n t  cars we d r i v e ,  increased  carpooling,  and use  of mass 
t r a n s i t ,  thermosta t  s e t t i n g s  t h a t  are lower i n  winter  and h igher  i n  summer, 
greater use  of s o l a r  energy and wood t o  conserve f o s s i l  f u e l s ,  and better 
home i n s u l a t i o n .  

Although it appears there is no energy shor tage  a t  t h i s  time, an energy 
crisis w i l l  very l i k e l y  emerge again  i n  t h e  near  fu tu re .  Our s o c i e t y  is 
highly  dependent upon f o s s i l  f u e l s .  The world's supply o f  these f u e l s  is  
f i n i t e  and is diminishing r ap id ly  w i t h  use. Current ly,  recovery of f o s s i l  
f u e l s  meets or exceeds t h e  demand and new d i scove r i e s  w i l l  ensure a supply
f o r  seve ra l  yea r s  i n  t h e  fu tu re .  However, most energy expe r t s  agree t h a t  
the  i n e v i t a b l e  is t h e  eventua l  dep le t ion  o f  f o s s i l  f u e l s  t o  a l e v e l  so low 
t h a t  t h e i r  recovery w i l l  no longer  b e  economically feasible (Po l l a rd ,  1976). 
If p l e n t i f u l ,  safe a l t e r n a t i v e  energy sources  are no t  developed, a very
s e r i o u s  energy crisis w i l l  occur long before  t h a t  time. I n  add i t ion  t o  
a c t u a l  shor tages ,  we may encounter  p o l i t i c a l l y  motivated, government 
imposed, or i ndus t ry  i n f l i c t e d  ar t i f ic ia l  shortages.  Continuation of 
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conse rva t i on  e f f o r t s  w i l l  d e l a y  the  time of run-out of f o s s i l  f u e l s  and h e l p  
prevent  o r  ease f u t u r e  energy crises, b u t  t hey  are n o t  l i k e l y  t o  p r even t
crises. 

Probably on ly  a small p o r t i o n  of energy conse rva t i on  can be a t t r i b u t e d  
t o  a consc ious  effort  t o  conserve foss i l  f u e l s  as  n a t u r a l  r e sou rce s .  More 
l i k e l y ,  t h e  major mo t iva t i on  for  adopt ing  conse rva t i on  measures is t o  s ave  
money. The same h a s  been said about  t h e  adopt ion  of conse rva t i on  t i l lage by 
farmers. Conservat ion t i l lage  reduces  s o i l  e r o s i o n ,  s a v e s  l a b o r ,  conserves  
s o i l  water, decreases t ractor  f u e l  requirement ,  and o f t e n  i n c r e a s e s  c rop
y i e l d s .  As a r e s u l t ,  p r o f i t s  i n c r e a s e ,  t h u s  p rov id ing  t h e  momentum f o r  t h e  
r ap id  adopt ion  o f  t h e  practice. Improving energy u se- e f f i c i ency  w i l l  
con t inue  t o  p l ay  a n  impor tan t  r o l e  i n  American a g r i c u l t u r e ,  as well as i n  
all o t h e r  s e c t o r s  of o u r  economy, as long as energy prices remain r e l a t i v e l y  
high. 

ENERGY USED I N  PRODUCTION AGRICULTURE 

Product ion a g r i c u l t u r e  u s e s  on ly  about  3%o f  t h e  U.S. energy demand, 
and t h e  amount of energy used i n  t i l l age  is only  a p o r t i o n  o f  t h a t .  
Therefore ,  energy conse rva t i on  through t i l l age  systems has l i t t l e  affect on 
t o t a l  energy use ,  b u t  it can s ave  a s u b s t a n t i a l  amount of p roduc t ion  costs 
f o r  i n d i v i d u a l  farmers. 

The greatest amount o f  energy used i n  n o n i r r i g a t e d  c rop  produc t ion  i n  
t h e  U.S. is  f o r  t i l lage and n i t r o g e n  f e r t i l i z e r s  (Table 1). Therefore ,  t h e  
greatest effects can be ob ta ined  from energy conse rva t i on  e f f o r t s  i n  these 
areas. T h i s  paper compares t h e  energy requ i rements  o f  n o- t i l l a g e  and 
convent iona l  t i l l age  and p o i n t s  o u t  c rop  produc t ion  practices t h a t  w i l l  
conserve energy and reduce  produc t ion  c o s t s .  

Table 1.	 D i s t r i b u t i o n  of energy used i n  p roduc t ion  a g r i c u l t u r e .  (American 
Chemical Soc i e ty ,  1974). 

D i s t r i b u t i o n  of energy used i n  
production agriculture 

% 


Fuel  

F e r t i l i z e r s  

Methods and Machinery

E l e c t r i c i t y  

Pesticides and o t h e r  chemicals 

Feeds and o t h e r  u s e s  


32 
23 
20 

14 

6 

5 
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ENERGY REQUIREMENTS FOR FIELD OPERATIONS 

Energy requ i rements  f o r  v a r i o u s  management i n p u t s  and f i e l d  o p e r a t i o n s  
va ry  g r e a t l y  among references i n  t h e  l i t e r a t u r e .  The v a l u e s  shown i n  Table 
2 are intermediate v a l u e s  based on s e v e r a l  sou rce s  and are rather well 
suppor ted  by research measurements on energy use .  T a b l e  2 can b e  used t o  
ana lyze  the energy requ i rement  o f  any c ropping  system. A l is t  o f  p r o d u c t i o n  
i n p u t s  and f i e l d  o p e r a t i o n s  i s  a l l  t h a t  is  needed. 

Tillage 

T i l l a g e ,  where used ,  is  one of t h e  more energy- in tens ive  i n p u t s  i n  c rop  
produc t ion .  When t h e  same amount of  N f e r t i l i z e r  is  used ,  the energy 
requirement  f o r  producing a p a r t i c u l a r  c r o p  is g e n e r a l l y  p r o p o r t i o n a l  t o  the  
amount o f  t i l lage (Frye  and P h i l l i p s ,  1980). The convent iona l  t i l l age  
system u s u a l l y  i n v o l v e s  moldboard plowing fol lowed by a t  least  one d i s k i n g  
as  secondary tillage. No- t i l l age  has much lower  f u e l  requirement  because it  
eliminates bo th  t h e  pr imary and secondary t i l l age  ope ra t i ons .  

Planting 

Except i n  sandy s o i l s ,  n o- t i l l a g e  p l a n t i n g  would b e  expected t o  r e q u i r e  
s l i g h t l y  more energy t h a n  convent iona l  t i llage. Host s t u d i e s  have shown 
t h a t  t h e  bu lk  d e n s i t y  o f  n o- t i l l a g e  soi1 a t  p l a n t i n g  time is u s u a l l y  greater 
t han  convent iona l  t i l l age  s o i l .  There fore ,  p u l l i n g  t h e  p l a n t e r  through the  
firmer s o i l  a t  t h e  p rope r  dep th  r e q u i r e s  more energy. No-tillage p l a n t i n g  
i n  sandy s o i l s  may r e q u i r e  less energy because of exces s ive  l oosenes s  under  
convent iona l  t i l lage.  

Weed Control  

Chemical h e r b i c i d e s  are used f o r  weed c o n t r o l  i n  a l l  t illage systems;  
economics d i c t a t e  it. As t i l l age  is  dec rea sed ,  t h e  need f o r  h e r b i c i d e s  
i n c r e a s e s .  It is a f a i r l y  commonly accepted e s t i m a t e  t h a t  n o- t i l l a g e  
r e q u i r e s  about  1.5 times more h e r b i c i d e s  t h a n  convent iona l  t i l lage. T h i s  
greater energy requirement  o f f s e t s  some, b u t  n o t  a l l  o f  t h e  energy saved by 
l ess  tillage. 

Some he rb ic ides  are formula ted  w i t h  petroleum o r  petroleum d e r i v a t i v e s  
as t h e  carrier. Thus, bo th  t h e  a c t i v e  i n g r e d i e n t s  and t h e i r  carriers 
r e p r e s e n t  energy. The energy r ep re sen t ed  by o t h e r  h e r b i c i d e s  is due l a r g e l y  
t o  manufactur ing.  There fore ,  t h e  amount o f  energy r ep re sen t ed  by h e r b i c i d e s  
v a r i e s  cons iderab ly .  Because he rb ic ides  make up such a small p a r t  o f  t h e  
t o t a l  energy used i n  c rop  produc t ion ,  a convincing argument can be made f o r  
adopt ing  a single energy v a l u e  t o  r e p r e s e n t  most o f  t h e  h e r b i c i d e s  for  t h e  
purpose of m a k i n g  energy estimates. With  t h e  excep t i on  of paraqua t  which is 
e s t ima t ed  t o  r e p r e s e n t  about  1.2 gal d i e s e l  f u e l  e q u i v a l e n t  (DFE) p e r  pound 
of  a c t i v e  i n g r e d i e n t  (a . i . ) ,  a n  energy va lue  of about  0.5 gal  DFE p e r  pound 
a.i .  is thought  t o  be a f a i r l y  r e p r e s e n t a t i v e  v a l u e  f o r  most o f  t h e  commonly 
used he rb ic ides  (Frye ,  1985).  

Research i n  Minnesota (Nalewaja, 1974) on weed c o n t r o l  methods f o r  corn  
showed t h a t  u s e  o f  he rb ic ides  compared ve ry  f avo rab ly  w i t h  c u l t i v a t i o n  and 
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Table  2.	 Est imated average energy requ i rements  of c rop  produc t ion  i n p u t s  
and o p e r a t i o n s  (adapted from Frye,  1984). 

DFE 
Management input or operation j 

Machinery manufacture  and r e p a i r  100 l b  machinery 24 

Primary t i l l age  
Moldboard plow (8 i n c h e s  dep th)  
Ch i s e l  plow (8 i n c h e s  dep th)  
Disk (once)  

Secondary t i l lage 
Disk 
Spike- tooth harrow 
F i e l d  c u l t i v a t o r  

S u b s o i l e r  (14 i n c h e s  dep th)  

P l a n t  (36 inches )  
Conventional and reduced t i l l a g e
No-ti11 age 

Weed c o n t r o l  
Herb ic ides  
Spray h e r b i c i d e s  
Apply h e r b i c i d e s  and d i s k  second time 
C u l t i v a t e  (each  t ime)  

F e r t i l i z e r  
Ni t rogen 
Phosphorus 
Potassium 
Broadcast  g r a n u l a r  f e r t i l i ze r  
Spray l i q u i d  f e r t i l i z e r  
Apply anhydrous ammonia ( n o- t i l l a g e )  
Apply anhydrous ammonia (plowed s o i l )  

I r r i g a t i o n  

Harvest 
Corn p i cke r- she l l e r  
Combine 

Miscel laneous 
Shred c o r n s t a l k s  
Disk c o r n s t a l k s  
Grain d r i l l  
Seed 

ac 1.82 
ac 1.18 
ac 0.64 

ac 0.64 
ac 0.32 
ac 0.64 

ac 2.14 

ac 0.43 
ac 0.53 

0.48 
ac 0.11 
ac 0.75 
ac 0.43 

0.17 
0.02 

l b  0.01 
ac 0.21 
ac 0.21 
ac 1.18 
ac 0.75 

30.91 

ac 1.39 
ac 1.60 

ac 0.75 
ac 0.43 
ac 0.53 

0.05 

Diesel f u e l  e q u i v a l e n t  ( 155 MJ/gal). 



19 


hand l a b o r  i n  terms o f  bo th  energy requirement and p r o f i t  due t o  weed 
c o n t r o l .  Net p r o f i t s  due  t o  weed c o n t r o l  were about  $61, $78, and $-66 p e r  
acre, r e s p e c t i v e l y ,  fo r  c u l t i v a t i o n ,  h e r b i c i d e s ,  and hand l a b o r .  Thus, 
economics exc ludes  hand l a b o r  as a v i a b l e  a l t e r n a t i v e  weed c o n t r o l  method. 

F i e l d  Machinery 

The u s e  o f  large t r a c t o r s  and f i e l d  machinery h a s  con t r i bu t ed  g r e a t l y  
i n  making a g r i c u l t u r e  energy- in tens ive  and energy- dependent.  A t  t h e  same 
time, it has been mainly  r e s p o n s i b l e  f o r  t h e  r a p i d  i n c r e a s e  i n  p roduc t ion  
o u t p u t  p e r  farm worker. Today, on t h e  average ,  one farm worker produces 
enough food f o r  60 persons .  

S ince  t h e  time-consuming p r a c t i c e  o f  t i l l i n g  t h e  s o i l  i s  e l im ina t ed  i n  
n o- t i l l a g e ,  t h e  need f o r  large, t i m e- e f f i c i e n t  equipment i s  g r e a t l y  reduced,  
a l lowing  s e l e c t i o n  of optimum-sized equipment t o  o b t a i n  greater energy 
e f f i c i e n c y .  Also,  less machinery i s  need f o r  n o- t i l l a g e  t han  for 
convent iona l  t i l lage.  P h i l l i p s  e t  a l .  (1980) estimated t h a t  no- t i l l age  
r e q u i r e s  about  18% less energy f o r  manufactur ing and ma in t a in ing  machinery 
t h a n  does  convent iona l  t i l lage.  

Seeding Rates 

Gene ra l l y ,  i t  is  recommended t h a t  seeding rates be about  20% h i g h e r  f o r  
n o- t i l l a g e  t han  convent iona l  t i llage. It is estimated t h a t  t h i s  i n c r e a s e s  
t h e  energy requirement  f o r  n o- t i l l a g e  co rn  by s l i g h t l y  less than  0.1 gal  
DFE/acre, a rather  i n s i g n i f i c a n t  amount. 

FERTILIZER MANAGEMENT FOR ENERGY EFFICIENCY 

O f  t h e  energy used i n  f e r t i l i z e r  manufacture ,  about  83 pe r cen t  is  fo r  
n i t r o g e n ,  11 pe r cen t  for  phosphorus,  and 6 pe r cen t  for potass ium (Nelson, 
1975). A pound o f  f e r t i l i z e r  n i t r o g e n  r e p r e s e n t s  about  0.17 gal DFE. 
There fore ,  any a p p r e c i a b l e  effect on energy conse rva t i on  th rough  improved 
e f f i c i e n c y  i n  t h e  management o f  f e r t i l i ze rs  on t h e  farm must be i n  n i t r o g e n  
fert i l izers.  When i r r i g a t i o n  or c rop  d ry ing  are n o t  used,  n i t r o g e n  
fe r t i l i ze r  i s  u s u a l l y  by fa r  t h e  largest single f o s s i l  energy i n p u t  i n t o  
g r a i n  p roduc t i on  ( P h i l l i p s  e t  al . ,  1980). Energy conse rva t i on  through 
n i t r o g e n  fe r t i l i ze rs  can be a t t a i n e d  by improving n i t r o g e n  f e r t i l i z e r  
e f f i c i e n c y  i n  t h e  f i e l d ,  u s i n g  legume c r o p s  i n  t h e  c ropping  system t o  
prov ide  a p o r t i o n  of t h e  n i t r o g e n  needs  of nonlegume c rops ,  and u s ing  waste 
materials, e.g., animal manure or i n d u s t r i a l  wastes, as sou rce s  of n i t r ogen .  
T h i s  paper  w i l l  emphasize n i t rogen- use  e f f i c i e n c y  and legume cover  c r o p s  as 
energy conse rva t i on  measures. 

Ni t rogen  fe r t i l i ze r  e f f i c i e n c y  can  be improved s i g n i f i c a n t l y  by p rope r  
t i m i n g  and placement of t h e  a p p l i c a t i o n  and n i t r o g e n  e f f i c i e n c y  h a s  been 
shown t o  be greater under  n o- t i l l a g e  co rn  t han  convent iona l  t i l l age  corn.  
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No-Tillage v s  Conventi o n a l  T i l l a g e  

Seve ra l  researchers have shown t h a t  n i t r o g e n  f e r t i l i z e r  is used more 
e f f i c i e n t l y  i n  n o- t i l l a g e  t han  convent iona l  t i l lage ,  when based on t h e  
i n c r e a s e  i n  g r a i n  y i e l d  p e r  increment  o f  f e r t i l i z e r  N (Frye e t  a l . ,  1981; 
Moschler and Martens, 1975; P h i l l i p s  e t  a l . ,  1980; Wells, 1984). One can  
c a l c u l a t e  an energy output:input r a t i o  (Energy O / I )  f o r  n i t r o g e n  f e r t i l i z e r  
u s i n g  t h e  f o l l owing  r e l a t i o n s h i p  o u t l i n e d  by Frye  (1984): 

Energy 0/1 --
where 

(bu /acre )  = 

(gal DFE/bu) = 

(lb/acre) = 

(gal DFE/lb) = 

1 

y i e l d  w i t h  mth increment  o f  a p p l i e d  f e r t i l i z e r  N, 
m = 0, 1 ,  2, 3, ... 
e s t ima t ed  amount o f  energy p e r  bu o f  c rop  produced 

amount o f  mth increment  of f e r t i l i z e r  N app l i ed  

estimated amount o f  energy r ep re sen t ed  by pound 
o f  f e r t i l i z e r  N. 

Based on r e s u l t s  from corn  t i l lage s t u d i e s  on f o u r  s o i l s  i n  Kentucky, 
Frye c a l c u l a t e d  Energy 0/1v a l u e s  (gal DFE i n  grain/gal DFE i n  N f e r t i l i z e r )  
as 4.7 f o r  conven t iona l  t i l lage and 9.3 f o r  n o - t i l l a g e  w i t h  t h e  first 
increment  o f  75 lb/acre f e r t i l i z e r  N .  The second 75- lb/acre  increment o f  N 
r e s u l t e d  i n  energy output:input rat ios of 0 fo r  convent iona l  t i l l age  and 4.1 
f o r  no- t i l l age .  The l a t te r  r a t i o  arises from t h e  commonly observed 
phenomenon i n  which corn  g r a i n  y i e l d s  peak a t  higher  rates o f  N i n  
n o- t i l l a g e  t h a n  i n  convent iona l  t i l lage ( P h i l l i p s  e t  a l . ,  1980; Wells, 
1984). T h i s  ha s  been a t t r i b u t e d  t o  more e f f i c i e n t  u se  of f e r t i l i z e r  N by 
n o- t i l l a g e  corn  due t o  more a v a i l a b l e  s o i l  water. 

Although more n i t r o g e n  fer t i l izer ,  t h u s  more energy ,  is u s u a l l y  
r equ i r ed  t o  o b t a i n  peak co rn  y i e l d s  w i th  n o- t i l l a g e  t h a n  w i th  convent iona l  
t i llage, t h e  n i t r o g e n  (and energy)  i s  used more e f f i c i e n t l y ,  because it 
i n c r e a s e s  y i e l d  and produces  more b i o l o g i c a l  energy.  Occas iona l ly  writers 
d i s c u s s  t h e  greater need f o r  n i t r o g e n  f e r t i l i z e r  as a d i sadvantage  of  
n o- t i l l a g e ,  when i n  fact i t  is u s u a l l y  bo th  economical ly  sound and energy 
e f f i c i e n t .  

T ime  o f  A p p l i c a t i o n  

A well-known p r i n c i p l e  of c rop  produc t ion  i s  t h a t  n i t r o g e n  fe r t i l i ze r  
is  more e f f i c i e n t  i f  most of it is a p p l i e d  j u s t  before t h e  start o f  r a p i d  
up take  by t h e  crop.  For  co rn  t h a t  is  about  30 t o  40 days.  The Un ive r s i t y  
o f  Kentucky recommends t h a t  t h e  f e r t i l i z e r  n i t r o g e n  a p p l i c a t i o n  be decreased 
by 35 lb/acre fo r  n o- t i l l a g e  co rn  on moderate ly  well d r a ined  s o i l  o r  f o r  
convent iona l  t i l lage corn  on moderate ly  well or  poor ly  d r a ined  s o i l ,  i f  as 
much as two- th i rds  o f  t h e  n i t r o g e n  is  app l i ed  4 t o  6 weeks after p l a n t i n g  
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t h e  corn .  The lower n i t r o g e n  requirement  a s s o c i a t e d  w i t h  delayed 
a p p l i c a t i o n  r e s u l t s  from improved u se- e f f i c i ency  o f  t h e  n i t r o g e n  f e r t i l i z e r .  
Apparently t h e  i n c r e a s e  i n  e f f i c i e n c y  is  a r e s u l t  o f  less n i t r o g e n  loss  by 
l e a c h i n g  and d e n i t r i f i c a t i o n  (which is  p o t e n t i a l l y  large under  t h e  d r a inage  
c o n d i t i o n s  de sc r i bed  above) and less immobi l i za t ion  o f  n i t r o g e n ,  e s p e c i a l l y  
i n  n o- t i l l a g e .  Delayed a p p l i c a t i o n  o f  n i t r o g e n  f e r t i l i z e r  is u s u a l l y  more 
advantageous under  n o- t i l l a g e  t h a n  convent iona l  t i l lage.  

The n i t r o g e n  f e r t i l i z e r  saved when farmers f o l l o w  t h e  above 
recommendation r e p r e s e n t s  about  6 gal  DFE/acre. It i s  e s t ima t ed  t h a t  
de layed  a p p l i c a t i o n  is p r a c t i c e d  on a t  l e a s t  100,000 a c r e s  annua l l y  of  corn  
i n  Kentucky (K.L. Wells, pe r sona l  communication). That amounts t o  a 
p o t e n t i a l  energy s a v i n g s  of 600,000 gal DFE/year by Kentucky farmers a lone .  

S i g n i f i c a n t  r e sponse s  t o  starter fe r t i l i ze rs  have been shown by 
r e s e a r c h  i n  c e r t a i n  areas. Touchton and Rickerl (1985) r e p o r t e d  a 
32-bu/acre y i e l d  increase a t t r i b u t a b l e  t o  22 l b / a c r e  o f  each N and P205 
s tar ter  fer t i l izer .  I n  t e r m s  o f  energy ou tpu t : i npu t ,  an  a d d i t i o n a l  4  g a l  
DFE/acre r e s u l t e d  i n  o u t p u t  o f  83 g a l  DFE/acre o f  b i o l o g i c a l  energy. The 
response t o  in-row s u b s o i l i n g  averaged 77 bu/acre  i n  t h e i r  s t udy ,  amounting 
t o  a r e t u r n  o f  about  200 gal DFE/acre biological energy f o r  an investment  o f  
on ly  about  2.14 gal DFE/acre f o s s i l  f u e l .  T h i s  i l l u s t r a t e s  how f o s s i l  
energy can  be  used e f f i c i e n t l y  t o  produce a d d i t i o n a l  b i o l o g i c a l  energy. 

F e r t i l i z e r  P l a c e m e n t  

Subsur face  banding of n i t r o g e n  f e r t i l i z e r  i n c r e a s e s  its e f f i c i e n c y  
compared t o  s u r f a c e  b roadcas t  a p p l i c a t i o n ,  i n  bo th  conven t i ona l  tillage and 
n o- t i l l a g e  (Wells, 1984). T h i s  is  e s p e c i a l l y  t r u e  w i t h  urea-ammonium 
n i t r a t e  s o l u t i o n s  o r  d r y  u r e a ,  s i n c e  a s u b s t a n t l a l  amount of n i t r o g e n  may be 
l o s t - by ammonia v o l a t i l i z a t i o n  from su r f ace- app l i ed  u r e a  (Fox and Hoffman, 
1981; Murdock and Frye,  1985). I n  a d d i t i o n  t o  p o t e n t i a l  v o l a t i l i z a t i o n  
losses, e f f i c i e n c y  of n i t r o g e n  fe r t i l i ze r  is l o s t  through immobi l i za t ion  i n  
n o- t i l l a g e  (Smith and Rice, 1984).  Recent work i n  s e v e r a l  states i n d i c a t e s  
a s i g n i f i c a n t  advantage of subsu r f ace  a p p l i c a t i o n  o f  n i t r o g e n  fe r t i l i ze r  f o r  
n o- t i l l a g e  corn ,  which presumably a v o i d s  t h e  immobi l i za t ion  problem. I n  a 
3-year n o- t i l l a g e  co rn  s t udy  i n  Kentucky (1982-84), Earles (1985) ob ta ined  
y i e l d  advan tages  averaging 12 and 8 bu /acre  fo r  subsu r f ace  banding compared 
t o  s u r f a c e  b roadcas t  a p p l i c a t i o n  of ammonium s u l f a t e  a t  rates o f  75 and 150 
Ib/acre N, r e s p e c t i v e l y .  

Subsur face  placement of fer t i l izers  r e q u i r e s  s u b s t a n t i a l l y  more f u e l  
energy t h a n  s u r f a c e  b roadcas t  a p p l i c a t i o n ,  e s p e c i a l l y  fo r  n o- t i l l a g e .  A s  
po in ted  o u t  p r e v i o u s l y ,  a d d i t i o n a l  energy i n p u t  t h a t  produces  a s u b s t a n t i a l  
y i e l d  increase is  l i k e l y  t o  be a n  e n e r g y- e f f i c i e n t  p r a c t i c e  because o f  a 
f a v o r a b l e  Energy 0/1 r e l a t i o n s h i p .  If conducted as a s e p a r a t e  o p e r a t i o n ,  a 
r ea sonab l e  estimate o f  t h e  f u e l  energy  r equ i r ed  t o  apply d ry  or l i q u i d
fer t i l izers  i n  a subsu r f ace  band might be t h e  same as fo r  anhydrous ammonia 
i n j e c t i o n .  This v a l u e  is estimated t o  be 1.18 gal DFE/acre i n  n o- t i l l a g e  
s o i l  and 0.64 gal DFE/acre i n t o  conven t i ona l l y  t i l l e d  so i l  (Frye,  1984).
S ince  both these v a l u e s  r e p r e s e n t  less energy t han  is con t a ined  i n  a bushe l  
of c o r n  (2 .6  gal DFE/bu), on ly  a small i n c r e a s e  i n  y i e l d  due t o  t h e  
subsurface- band placement would be nece s sa ry  t o  make it energy e f f i c i e n t .  
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The approxiinately 10-bu/acre i n c r e a s e  ob ta ined  by Earles (1985) r e p r e s e n t s  
about  26 gal/acre a d d i t i o n a l  b i o l o g i c a l  energy product ion.  To de te rmine  the  
economic f e a s i b i l i t y ,  however, one must take i n t o  account  l a b o r  and time, 
bo th  o f  which are greater for  subsu r f ace  banding t han  f o r  s u r f a c e  b roadcas t  
a p p l i c a t i o n .  

NITROGEN FROM LEGUME COVER CROPS 

Curren t  research i n  s e v e r a l  s tates shows t h a t  a s u b s t a n t i a l  amount o f  
n i t r o g e n  can  be provided by legume cover  c rops  i n  nonlegume row-crop 
produc t ion .  The method most o f t e n  used t o  determine t h e  amount o f  n i t r o g e n  
supp l i ed  t o  t h e  nonlegume c rop  is  t o  equa t e  t h e  y i e l d  response  t o  t h e  legume 
cover  c rop  w i thou t  n i t r o g e n  f e r t i l i z e r  t o  t h e  y i e l d  response  t o  n i t r o g e n  
f e r t i l i z e r  w i thou t  t h e  legume cover  crop.  However, t h a t  method is n o t  
complete ly  s a t i s f a c t o r y .  I n  many cases, t h e  legume cover  c rop  has an effect 
on y i e l d  o f  t h e  nonlegume c rop  t h a t  appears  t o  be  i n  a d d i t i o n  t o  t h e  effect 
of n i t r o g e n  supp l i ed .  That is, t h e  y i e l d  response  o f  the  nonlegume c rop  t o  
a combinat ion of n i t r o g e n  f e r t i l i z e r  and t h e  legume cover  c rop  t e n d s  t o  
p a r a l l e l ,  a t  a h i g h e r  l e v e l ,  t h e  c r o p ' s  response  t o  n i t r o g e n  f e r t i l i z e r  w i t h  
a nonlegume cover  c rop  o r  no cover  crop.  The r e s u l t s  i n  Table 3 show t h i s .  
Because o f  t h i s ,  i t  would be a mistake t o  assume t h a t  the n i t r o g e n  
f e r t i l i z e r  recommendation could be decreased  by t h e  amount estimated t o  b e  
provided by t h e  legume cover  crop.  

Table 3. Effect o f  h a i r y  ve t ch  cover  c rop  on y i e l d  o f  n o- t i l l a g e  corn  a t  
Lexington, Kentucky, 1977-81 (adapted from Frye,  1984). 

----~--I---

N applied (lb/acre) 
0 44 - 88Winter cover  
Yield o f  g r a i n  

Corn s t a l k  r e s i d u e  60 83 109 
Rye 64 91 121 
Hairy v e t c h  103 119 144 

S ince  t h e  legume cover  c rop  t e n d s  t o  r e s u l t  i n  a d d i t i o n a l  y i e l d  i n s t e a d  
of s imply r e p l a c i n g  n i t r o g e n  f e r t i l i z e r  i n  t h e  cropping system, i t  is  
d i f f i c u l t  t o  e v a l u a t e  t h e  energy conse rva t i on  v a l u e  o f  t h e  cover  crop.  
Seve ra l  methods may be used,  all of  which g i v e  d i f f e r e n t  v iews t h a t  can  be 
i n t e r p r e t e d  i n  d i f f e r e n t  ways. One is t h e  method d i s cus sed  above i n  which 
t h e  y i e l d  w i t h  a legume cover  c rop  and wi thout  n i t r o g e n  fe r t i l i ze r  is  
p l o t t e d  on t h e  response  curve  o f  y i e l d  wi thout  a legume cove r  c r o p  b u t  w i t h  
n i t r o g e n  f e r t i l i z e r .  Applying t h i s  method t o  the  y i e l d  data i n  Table  3 ,  it 
has been estimated t h a t  h a i r y  ve t ch  provided about  80 l b / a c r e / y r  n i t r o g e n  t o  
t h e  co rn  (Frye ,  1984).  I n  terms o f  f o s s i l  f u e l  t h i s  would r e p r e s e n t  a lmost  
14 gal DFE/acre. 
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Another method i s  t o  p l a c e  a b i o l o g i c a l  energy v a l u e  on t h e  a d d i t i o n a l  
y i e l d  a t t r i b u t e d  t o  t h e  legume cover  c r o p ,  i .e.,  y i e l d  w i t h  legume cover  
c rop  minus y i e l d  w i t h  nonlegume cover  c rop  or no cover  crop.  Eva lua t ing  
h a i r y  v e t c h  i n  comparison w i t h  r y e  (Table 3) i n  t h i s  way g i v e s  99, 73 ,  and 
60 gal/acre DFE w i t h  0,  44, and 88 lb/acre f e r t i l i z e r  n i t r o g e n ,  
r e s p e c t i v e l y .  T h i s  i s  energy  produced e s s e n t i a l l y  free of f o s s i l  energy 
expend i t u r e ,  s i n c e  it  r e p r e s e n t s  energy i n  add-on y i e l d  due t o  t h e  p resence  
o f  t h e  legume. 

SUMMARY 

Energy conse rva t i on  h a s  played an impor tan t  r o l e  i n  r e l i e v i n g  t h e  
energy crisis of the  1970's. The mo t iva t i on  for  energy conse rva t i on  is 
mainly t o  save  money r a t h e r  t h a n  t o  s ave  energy per  se  as a r e sou rce .  T h i s  
is e s p e c i a l l y  t r u e  i n  p roduc t i on  a g r i c u l t u r e  because on ly  about  3% o f  t h e  
t o t a l  U.S. energy demand i s  used i n  p roduc t ion  a g r i c u l t u r e .  Energy 
conse rva t i on  through improved e f f i c i e n c y  of  energy u se  i n  c rop  produc t ion  
s a v e s  money and i n c r e a s e s  t h e  farmers' p r o f i t s .  

S ince  t r a c t o r  f u e l  f o r  t i l lage and n i t r o g e n  f e r t i l i z e r  r e p r e s e n t  t h e  
two largest i n p u t s  o f  energy i n t o  c rop  produc t ion ,  conse rva t i on  e f f o r t s  
should  be directed toward these i n p u t s  because t h a t  is where conse rva t i on  
w i l l  have t h e  greatest effect.  No- tillage h a s  advan tages  ove r  convent iona l  
t i l lage i n  bo th  of t h e s e  areas. Because most t i l l age  is e l i m i n a t e d ,  less 
f u e l  is  r equ i r ed  i n  t h e  n o- t i l l a g e  system. Some of t h e  f u e l  energy s av ing  
is o f f s e t  by i n c r e a s e d  h e r b i c i d e  requ i rement ,  b u t  t h e  i n c r e a s e  due t o  
h e r b i c i d e s  is much less t h a n  t h e  f u e l  saved. Ni t rogen fer t i l izer  
u se- e f f i c i ency  has been shown t o  b e  greater for  n o- t i l l a g e  t h a n  convent iona l  
t i l lage corn.  The r e s u l t  is  a h igher  energy ou tpu t : i npu t  r a t i o  w i t h  
n o- t i l l a g e .  T h i s  is  u s u a l l y  exp l a ined  as an effect  o f  improved s o i l  water 
relat ions associated w i t h  the  mulch. 

Other p r a c t i c e s  t o  i n c r e a s e  n i t r o g e n  e f f i c i e n c y  and conserve f o s s i l  
energy  o r  produce a d d i t i o n a l  b i o l o g i c a l  energy i n c l u d e  delayed a p p l i c a t i o n  
o f  a l l  o r  most n i t r o g e n  f e r t i l i z e r  for  4 t o  6 weeks i n s t e a d  of  app ly ing  it 
a l l  a t  p l a n t i n g ,  subsu r f ace  banding compared t o  s u r f a c e  b roadcas t  o f  
n i t r o g e n  fe r t i l i ze r ,  u se  of starter f e r t i l i z e r s  i n  some areas, in-row 
s u b s o i l i n g  i n  some so i l s ,  and u s ing  legumes t o  p rov ide  a p o r t i o n  o f  t h e  
n i t r o g e n  needs  of nonlegume c r o p s  o r  t o  i n c r e a s e  t h e i r  y i e l d  above t h a t  w i t h  
n i t r o g e n  fer t i l izer  a lone .  Energy conse rva t i on  o c c u r s  through management 
when t h e  same y i e l d s  are produced wi th  less energy,  higher  y i e l d s  are 
produced wi th  t h e  same amount o f  energy,  o r  h i g h e r  y i e l d s  are produced more 
e f f i c i e n t l y  (h igher  energy 0u tpu t : i npu t  r a t i o )  w i t h  more energy.  
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