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It is  estimated t h a t  w e l l  over hal f  of t h e  engine horsepower-used on 
American farms is  f o r  t i l l a g e  operations. Many of the  implements 
used, and much of the  need f o r  t i l l a g e  operat ions have long been taken 
f o r  granted. Reducing t i l l a g e  operat ions was  of considerable. inter
est before the advent of high priced energy, but  i n t e r e s t  increased 
sharply when the p r i c e  per  gal lon of f u e l  jumped t o  th ree  d i g i t s .  

D i e s e l  t r a c t o r s  are more e f f i c i e n t  than gasol ine  t r a c t o r s  (a d i e s e l  
uses  about 70% as much f u e l  f o r  a givenjob than a gasol ine  t r a c t o r ) .  

Tractors used t o  perform t i l l a g e  operat ions w e r e  some of t h e  first t o  
use d i e s e l  engines because they were r e l a t i v e l y  high horsepower u n i t s  
that offered t h e  g r e a t e s t  opportunity t o  recapture  the  d i e s e l ' s  higher 
i n i t i a l  cos t .  The t r a n s i t i o n  t o  d i e s e l  i s  v i r t u a l l y  complete today. 
Diesel engines are found i n  the  l a r g e  multi-hundred horsepower land 
preparat ion tractors down t o  sub-20 horsepower imported t r ac to r s .  Many 
manufacturers of water cooled t r a c t o r s  e i t h e r  do not  o f f e r  a gasol ine  
engines powered u n i t  o r  only prepare one on spec ia l  order.  Therefore, 
f u e l  consumption f i g u r e s  reported i n  t h i s  paper are considering d i e s e l  
t r a c t o r s  exclusively.  

M o s t  of t h e  published information used f o r  determining farm implement 
energy rcquirements were derived from data  gathered i n  t h e  Midwest. 
This  data would probably be appropr ia te  f o r  many farm implements, but  
energy requirements f o r  t i l l a g e  implements could be appreciably di f fer
en t  because of s o i l  type. 

Determining Implement Energy Use 

Reasonably accura te  energy use data  can be determined by simply f i l l i n g  
the  tank to the  top, using the  machine over a measured area, and deter-
mining t h e  f u e l  used by accura te ly  measuring the  f u e l  needed t o  r e s t o r e  
the  leve1 in t h e  tank, i f  a r e l a t i v e l y  l a r g e  area is being worked, the  
tractor i S on l e v e l  ground, and the  tracbbr i s  shook vigorously t o  expel 
a i r  bubbles from the  tank. 
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In order t o  increase the accuracy of energy use values when working
smaller areas, and, to  speed up  the operation by eliminating the need for 
burp ing  a i r  bubbles from the tank, a plexiglass tube was mounted on the 
fuel tank of a t ractor  as  shown i n  Figure 1 below. T h i s  arrangement makes 
i t  possible t o  get a relat ively large fuel level change i n  the tube when 
working smaller areas than would be feasible  w i t h  the "Tank Refill" method. 

FIGURE 1 

The f i r s t  tube that  was mounted on the t ractor  had a 2 inch inside 
diameter and would give a large, easily measured fuel level change when 
the t ractor  was used for a short time. However, a small change i n  the 
temperature of the t ractor  fuel caused a significant change i n  the fuel 
level in the tube. The tube was changed to a 4 inch inside diameter tube 
i n  order to  reduce the error induced by fuel volume change. 

Results of Implement Energy Requirement Trials 

Corn-was planted a t  three different  locations i n  the Gainesville area 
beginning in February, 1980. The soil preparation and planting treatments 
were  as shown below 

1) D i s k ,  moldboard plow, d i s k ,  subsoil, plant 
2) Disk, moldboard plow, disk, plant 
3 )  Subsoil, p l a n t  
4 )  plant 

The energy requirements for  these operations were determined using the 
"Tank Refil l" method. Even though  the p l o t  areas were only 0 .3  acres t o  
0.9 acres, which i s  probably small for determining fuel requirements by
tank re f i l l i ng ,  the resul t s  given i n  Table 1 f a l l  i n  a rather narrow band. 
A great amount of c redi t  for th i s  uniformity o f  resul t s  i s  attributed to  
the amount of t ractor  shaking done to expel a i r  bubbles. 
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Table 1 - Corn P l a n t i n g  Energy Requirements 

Energy Used Per Opera t ion  (Gal lons/Acre)  
.I 

Loca t i on  

k i  ng D i  P l a n t  1F i r s t  1 I Second I Subso i l  and I Planto t  
Number 

I I I 

0.54 1.63 0.75 1.53 

- - - - 0.64 

0.41 1.40 0.65 - 0: 83 

- - - 1.39 -

0.53 1.43 0.61 - 0.77 

I 

a 

0.51 1.42 0.60 - 0.85 

0.51 1.36 0.60 1.31 -

- - - 1.44 

1 0.58 1.40 0.67 1.32 -
2 - 0.73 

I I 

3 0.51 1.35 0.62 - 0.87 

4C h i e f  land  

5 0.49 1.34 0.57 -
0.49 1.33 0.60 1.32 -

I I 

1 -1 -1 
I

I
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T h e  equipment used t o  perform the s o i l  preparation and planting op
era t ions  were: an e igh t  foo t  wide tandem d i s k ,  a 3 bottom plow t h a t  cu t  
approximately a 4 foot-6 inch s l i c e ,  a two row Brown-Harden no- t i l l  p lanter  
w i t h  subsoil ing shanks, a two row Brown-Harden no- t i l l  p lan te r  without sub-
s o i l i n g  shanks, two sets of u n i t  p lanters  f o r  mounting on the  two no- t i l l  
units, a 52 horsepower t r a c t o r ,  and a 58 horsepower t r a c t o r .  

The  da ta  ind ica tes  t h a t  a t  a l l  locat ions  the  i n i t i a l  disking required
approximately 0.5 gal lons  per acre .  The moldboard plowing required approx
imately 1.40 gal lons  per acre.  T h e  second d i s k i n g  required approximately
9.6 gallons per ac re  o f 0.1 gal lons  per a c r e  more than the i n i t i a l  d i s k i n g
because of more slippage. The  n o- t i l l  p lanter  equipped w i t h  t he  subsoi ler  
shanks required about 1.30 gallons per acre .  When the n o- t i l l  p lanter  d i d\:AT; not have subsoil ing shanks approximately 0.75 gallons per a c r e  was used 
for planting. Subtracting the no subsoil ing from the subsoi l ing  figures
ind ica tes  t h a t  approximately 0.55 gallons per ac re  were required f o r  the  
subsoil ing operat ion.  

Tests were a l s o  conducted a t  the Agricultural  Experiment Sta t ion i n  
Quincy, Florida t o  determine t h e  energy requirements f o r  some t i l l a g e  op
e ra t ions  i n  heavier s o i l  than those found in the Gainesvi l le  area .  The 
results a r e  shown i n  Table 2.  

Table 2 - Ti l l age  Energy Requirements, Quincy 

Operation Depth of C u t  ( inches)  Gal 

Tandem d i s k  5 0.66 

Offset  d isk  6 - 7 0.96 

Rolling c u l t i v a t o r  s 1ow 0.36 

The tandem d 
20 inch scalloped 
was a 7 f o o t  wide 
t r a c t o r .  The ro l  
t r a c t o r .  

s k i n g  operation was performed by a 12 foo t  wide u n i t  w i t h  
disks drawn by an 85 horsepower t r a c t o r .  The o f f s e t  d i s k  
un i t  w i t h  20 inch scalloped disks drawn by a 52 horsepower
i n g  c u l t i v a t o r  was a 4 row u n i t  drawn by a 150 horsepower 

Comparison w i t h  Other ished Data 

T h e  following i s  a comparison of the  t i l l a g e  energy requirements pub
l i shed by Iowa S t a t e  University and those recent ly  determined i n  Florida.  
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Field Operation Gal 
Iowa Florida 

Moldboard plow 1.90 1.40 
Off s e t  d i  sk 0.95 0.96 
Tandem d i sk  0.45 0.50 
Rolling c u l t i v a t e  0.40 0.36 

How Might Energy Requirements Be Reduced 

Farmers cannot use t r a c t o r  engine e f f i c iency  a s  the s o l e  g u i d e  f o r  de-
terming what t r a c t o r  t o  buy because of p rac t i ca l  considerat ions like dea le r  
locat ion and d e a l e r ' s  a b i l i t y  t o  provide p a r t s  and service .  However, i t  i s  
f e l t  t h a t  more thought should be given t o  engine e f f i c iency  i n  order t o  re
duce energy requirements. The results of the  Nebraska Tractor  Tests conducted 
over the  l a s t  10 years  reveal t h a t  the  24 most e f f i c i e n t  t r a c t o r s  del ivered 
13.91 horsepower hours per gallon while the  24 l e a s t  e f f i c i e n t  t r a c t o r s  de-
l ivered 11.16 horsepower hours per gallon.  T h i s  i s  a d i f fe rence  of 24.6% 
and farmers must be made more aware o f  how t o  use Nebraska Test Data. 




