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ACTIVITY 1A: BUYING NEW OR USED TRACTORS: COMPARING FUEL EFFICIENCY 

Farmer Green is planning to buy a new tractor. Although price and durability are important to him, he 
also recognizes that he expends a lot of money on tractor fuel during the season. Thus, he would like to 
compare power performance and fuel efficiency among the tractors he is considering. Based on 
Nebraska Tractor Test Laboratory (tractortestlab.unl.edu) data, the following two tables present 
examples of performance data provided by the tractor test lab. Fuel efficiency is expressed in terms of 
gal/hr and hp-hr/gal. Review the following tables to understand key fuel efficiency performance 
indicators.  

 

 

http://tractortestlab.unl.edu/
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ACTIVITY 1B: BUYING NEW OR USED TRACTORS: COMPARING FUEL EFFICIENCY 

Farmer Smith is in need of a 90-100 hp tractor for tilling and planting and is considering buying a used 
tractor.  Price and condition are important criteria, but due to the high cost of fuel, efficiency of 
operation is also important. She is considering three different tractors and wants to determine the fuel 
efficiency of each. Using Nebraska Tractor Test Laboratory data as presented graphically on the website, 
www.tractordata.com, help Farmer Smith select an efficient tractor to meet her tilling and planting 
needs. On the website, choose a tractor make and model and click on “tests” to get a graphical 
presentation of performance like the ones below for three tractors: an IH 966 (left), a JD 4020 (center), 
and an IH 1066 (right). Note the similarity in the IH 966 and JD 4020 in line separation compared to the 
IH 1066. If you were going to use a moldboard plow that required 90 hp, the IH 966 might be slightly 
more fuel efficient. If you were just using 40 hp (e.g., planting) a lot of the time, the JD 4020 would be 
more efficient. The IH 1066 is a heavier weight, larger hp tractor, thus for this reason and others it is 
slightly less efficient than the other two, especially at lower hp. 

IH 966 Performance JD 4020 Performance 
 

IH 1066 Performance 

http://www.tractordata.com/
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ACTIVITY 2: FUEL REQUIREMENTS FOR FIELD OPERATIONS 

Farmer Jones wants to save fuel in his tillage program. Using Table 1 below, he can compare primary 
tillage tools relative to their average fuel use in gal/acre. They are: Moldboard plow 1.81; Chisel plow 
1.36; Offset Disk 1.11.  

If he were tilling a 40-acre field he could save 18 gal of fuel by using a chisel plow in place of a 
moldboard plow, resulting in savings of more than $60. Thus, if our field crop practices allow, we can 
often use a chisel plow or offset disk to save fuel and perhaps leave some residue on the soil surface to 
reduce erosion. Similar options may exist for other equipment.   

Soil conditions, soil depths, and other factors affect fuel efficiency considerably and are worth 
evaluation. For example, for every 1-in. increase in moldboard plow depth, an extra 0.15 gal of fuel is 
required. Thus plowing 12-in. deep compared to 8 in. uses 0.6 gallons more fuel per acre. 
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ACTIVITY 3: WHEEL SLIP  

Wheel slip is a term which denotes loss of productive traction when driving a tractor, on a road or 
freshly tilled field--the former resulting in little wheel slip whereas the latter resulting in greater loss of 
tractive efficiency. To reduce wheel slip, we can add more ballast/weight to the tractor but by doing so 
the tractor expends more fuel to move the tractor, thus some wheel slip is acceptable (in a field 10-15%) 
for top power and fuel performance. To get an appreciation for the concept of wheel slip, take a toy 
tractor, put a chalk mark on a rear tire and roll the tractor across a flat table moving 5 revolutions of the 
tire mark. Measure the distance in feet that the tractor traveled on the table. Then measure the 
circumference of the tire in feet and use the formula below to calculate percent wheel slip. The result 
should be about 1.0. Now with your hand, spin the tire a bit as you move along the table for 5 rotations 
of the tire, measure the length moved along the table and recalculate how much slip you created(the 
number will be greater than 1,if you truly made the wheel slip). Alternately, if you have a small 
motorized toy car, truck, or other vehicle, you can place them on a slightly greased surface or in a 
sandbox and make the same measurements. Ideal slip should be between 1.10 and 1.15. 

𝑆𝑆𝑆𝑆 =
𝑊ℎ𝑒𝑒𝑆 𝐶𝑆𝐶𝐶𝐶𝐶𝐶𝑒𝐶𝑒𝐶𝐶𝑒 (𝐶𝑓)𝑥 𝑁𝐶𝐶𝑁𝑒𝐶 𝑜𝐶 𝑅𝑜𝑓𝑅𝑓𝑆𝑜𝐶𝑅 

𝐹𝑆𝑒𝑆𝐹 𝑃𝑅𝑅𝑅 𝐿𝑒𝐶𝑔𝑓ℎ (𝐶𝑓)
 

ACTIVITY 4A: LEGUMES AND MANURES TO SAVE ENERGY BY REDUCING NITROGEN 
FERTILIZER NEEDS 

Farmer Evans has learned that not only is nitrogen (N) fertilizer costly, but that it is also very energy 
intensive to manufacture (given that it takes about 1 gal of gasoline equivalent [gge] to manufacture and 
apply 6 lb of N). Assume he wishes to produce 150 bu/acre corn and recommendations call for 180 units 
of N. How many gge could he save by using fields that have at least 50% alfalfa stand on moderately 
productive soils (see Table 1 from the Penn State Agronomy Guide below). 

110 𝑆𝑁 𝑁 𝑒𝑒𝐶𝑆𝑒𝑅𝑆𝑒𝐶𝑓
6 𝑆𝑁 𝑁
𝑔𝑔𝑒

 =  ~ 18 𝑔𝑔𝑒 
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ACTIVITY 4B: BENEFITS OF LEGUMES AND MANURES ON SAVING ENERGY IN 
NITROGEN 

Assume Farmer Landis has access to a neighbor’s horse manure that would allow her to apply 10 
ton/acre to a 40 acre field. How many gge of N could she save assuming 12 lb N/ton of horse manure? 
(See PSU Agronomy Guide table below/)   

Answer: She could save 2 gge/ton of manure applied or 2 x 10 x 40 = 800 gge total and at today’s N 
prices, she would save $2,400 (12 x 10 x 40 x $0.50) of fertilizer N. 
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ACTIVITY 5: GRAIN DRYER ENERGY EFFICIENCY 

Farmer Bean has a bin batch dryer and he is concerned about the high price of LP gas to run the unit. He 
wonders how much fuel could be saved by using natural air drying to remove 3% moisture (from 18.5% 
to 15.5%) from 1000 bu of corn?  

Answer: Using the table below:  

0.03 (% units moisture) x 1000 bu x 56 lb/bu x ~500 Btu extra per lb of water removed (i.e., 1500 Btu/lb 
for bin-in-batch compared to 1000 Btu/lb for natural air)  = 840,000 Btu or ~7 gge 

 
Figure 1. Source: North Dakota State University Fact Sheet AE-701. 

http://www.ag.ndsu.edu/graindrying/publications/ae-701-grain-drying 

ACTIVITY 6: IRRIGATION PUMPING 

Farmer Cook is considering installing moisture meters in his fields to better estimate crop water needs 
during the growing season. A company representative suggests that, by using moisture meters in place 
of his current method of using guesstimates, he could reduce irrigation needs by half. Pump 
specifications suggest it takes about 2.63 gal of fuel or 37 kWh to pump an acre-in. of water from 150 ft 
lift at 60 psi (factoring losses in efficiency beyond the pump, these numbers would increase to nearly 4 
gal and more than 50 kWh).  

1. If readings from the new meters indicate that Farmer Cook only needs to apply 1 acre-in. 
compared to the 2 acre-in. he typically applies, how much energy would be saved at the pump 
head  (Answer: about half)  

2. If diesel fuel costs $3.50/gal and electricity costs $0.14/kwh, which type of pump is cheaper to 
operate? (Answer = Electric ($3.50 x 4 gal = $14 vs $0.14 x 50 kWh = $7)) 

3. If Farmer Cook reduces lift head, would energy needs increase or decrease? (Answer: decrease) 
4. If Farmer Cook reduces system pressure, would energy needs increase or decrease? (Answer:  

decrease)     

This project supported by the Northeast Sustainable Agriculture Research and Education (SARE) program. SARE is a 
program of the National Institute of Food and Agriculture, U.S. Department of Agriculture.  Significant efforts have been 
made to ensure the accuracy of the material in this report, but errors do occasionally occur, and variations in system 
performance are to be expected from location to location and from year to year.  Any mention of brand names or models 
in this report is intended to be of an educational nature only, and does not imply any endorsement for or against the 
product.  The organizations participating in this project are committed to equal access to programs, facilities, admission 
and employment for all persons. 
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