
 

 

 

 

Abstract.  A field experiment was established by the University of Guelph on 
loam soil at Elora, ON  to examine the effect of soil and crop management on 
soil parameters.  Management treatments included crop rotations of corn and 
forages with different lengths of time for each crop.  Conventional till (CT) or 
minimum till (MT) was applied to plots in the corn phase, and no-till (NT) was 
applied to the forage crops.  At the end of the experiment, the plots were split, 
and one half was subjected to CT and the other half was subjected to NT.  
Corn was planted in both halves (CT and NT) of each plot.  In the following 
spring, the entire site was moldboard plowed, cultivated and planted to corn.  
Energy for moldboard plowing was measured with the Agriculture and Agri-
Food Canada instrumented research tractor.  Results showed that the 
previous crop management (rotation) treatment did not have a significant 
effect on either moldboard plow draft or tractor fuel consumption although 
there were some significant differences among pair-wise comparisons of 
management treatments.  Tillage treatment in the previous year (CT and NT), 
and interaction of tillage and previous crop management treatment had a 
small but significant effect on plow draft.  The sub-plots that were in NT the 
previous year had 1.7% and 1.5% lower plow draft and tractor fuel 
consumption respectively than those that were in CT.  The results support the 
widely held opinion that NT improves soil structure, and suggest that the soil 
loosening effect of CT is short lived. 
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Introduction 

Soil and crop management is known to affect soil parameters, and subsequent 
productivity of the soil. Crop rotations are generally recommended as a means of maintaining 
soil quality, and controlling crop pests, many of which are crop specific.  Crop rotations which 
include forage are often recommended to improve soil physical parameters, and to rejuvenate 
soils that have been compacted by intensive traffic with large and heavy equipment. Many 
devices have been developed to measure soil physical parameters including the soil cone 
penetrometer and more recently, instrumented tines which can be pulled by a tractor.  These 
devices all measure some aspect of soil strength by measuring forces required to move a tool 
through the soil.  Soil strength is also manifested in draft of tillage implements where the tillage 
tools (plow points and moldboards, coulters, cultivator sweeps etc.) impart soil failure in their 
function of loosening and fragmenting the soil.  Tillage implement draft can provide an insight 
soil conditions imparted by different soil and crop management practices (Watts et al. 2006). 

No-till (NT) is generally believed to improve soil structure, but successful NT is difficult to 
implement on some soils.  Some producers are using a combination of NT and conventional till 
(CT) where moldboard or chisel plowing is done every second, third or fourth year.  However, 
there is some evidence that indicates any benefit of NT in improving soil quality can be quickly 
lost when the soil is tilled.   

The objective of this paper is to determine the effect of crop management (rotation), and 
tillage treatment (NT and CT) on moldboard plow draft in the following year.    

Materials and Methods 

Field site and experimental design 

The plow draft measurements were conducted on an existing long term soil and crop 
management (rotation) experiment established by the University of Guelph at the Elora 
Research Station, Elora, ON (43º38' N, 80º25' W) .  The soil was classified as a fine-silty, 
mixed, mesic Typic Eutrochrept and had mean sand, silt and clay content of 28.7, 53.4 and 
17.9% respectively (Perfect et al. 1997).  Mean field slope was 2.3%. 

The parent soil and crop management experiment was a randomized complete block 
with four replicates, nine treatments and 10x24 m plots.  The treatments were different six year 
rotations of corn (Zea mays L.), corn under seeded with red clover (Trifolium pratense L.), alfalfa 
(Medicago sativa L.) and brome grass (Bromus inermis Leyess).   No-tillage  (NT) was 
performed while plots were in alfalfa or brome grass.  Conventional tillage (CT) consisting of 
spring moldboard plowing, cultivation and planting was performed on all corn plots except one 
minimum till treatment (CRM6) where the plots were lightly tilled with two passes of a disc prior 
to planting.  Crop rotations and corresponding tillage treatments are given in Table 1.  Details on 
the parent experiment are given in Perfect and McLaughlin (1996) and Perfect et al. (1997).    

The experimental area was returned to corn production in spring 1994.  Existing grass, 
legume and any weed vegetation was killed with glyphosate (1.75 kg/ha) and 2,4-D (1.4 kg/ha).  
Each plot was split longitudinally into to sub-plots; one sub-plot was subjected to CT while the 
other sub-plot was left as NT.  Corn was planted in both the CT amd NT subplots with a John 



 

 

 

Deere 7000 four row corn planter.  Results from 1994 tillage and soil parameter measurements 
are given in Perfect and McLaughlin (1996) and Perfect et al. (1997).   

In the following spring (present experiment, 1995), the entire site (both NT and CT sub-
plots) was conventionally tilled and planted to corn.  Separate plow draft measurements were 
made for sub-plots subjected to NT and CT in spring 1994.  The experimental design of the 
present experiment was thus an RCB split-plot with four replicates.  The main plot treatments 
were the crop rotations with nine levels outlined previously (Table 1), and the sub-plot treatment 
was the 1994 tillage treatment with two levels, CT and NT.   

Plow draft measurements 

Spring moldboard plowing was done with a three furrow Kverneland full mount 
moldboard plow on May 25-26, 1995.  Energy measurements for spring moldboard plowing 
were made with the Agriculture and Agri-Food Canada instrumented research tractor 
(McLaughlin et al. 1993).  This tractor was fitted with a set of instruments and an on-board data 
logger to measure and record tractor operational parameters as the tractor is doing normal field 
work.  Measurements were made of tractor engine, wheel and ground speed, fuel consumption, 
axle torques, and forces in the tractor three-point hitch links.  A mathematical model of the 
three-point hitch geometry was used to resolve the link forces into orthogonal forces and 
moments; the plow draft is the orthogonal force in the direction of travel.   

The plot boundaries were marked with flags offset four meters from the ends of the plots.  
This offset corresponds to the distance from the data logger operator’s seat the centre of the 
plow.  All plowing was done in the west-east (uphill) direction which was the opposite direction 
for plowing of the half of the plots which were subjected to CT in the previous spring in 1994.  
The no-load engine speed (high idle) was carefully set to 1950 rpm using the tractor engine 
tachometer on the tractor instrument panel, and the transmission gear was selected with the 
tractor stopped.  The tractor was then brought up to speed with the plow in the ground in the 
buffer zone outside of the plots.  The engine speed and the transmission gear were not adjusted 
while in the plots; there was a small drop in engine speed when load was imposed on the 
tractor, but no attempt was made to correct this drop.  For each pass, all four replicates and the 
roadways between the replicates were plowed without stopping the tractor.  Data were logged at 
100 complete scans per second while in the plot area.  The data logger operator inserted event 
markers in the data files as the tractor passed the offset flags marking the beginning and end of 
each plot.  These event markers were subsequently used in data analysis to parse the 
continuous data files into segments corresponding to the plots.  The data for each pass with the 
plow were saved in separate data files; the plot and pass numbers were coded into the file 
name, and these attributes were later extracted from the file names during the data analysis.    

Each pass of the plow in each plot was entirely within the sub-plot subjected to either CT 
or NT in 1994, or was adjacent to, or straddled the sub-plot boarders.  Data for the strikeout 
pass, or passes adjacent to or straddling the sub-plot boarders were discarded.  All plowing was 
done in the same direction (west to east, uphill), and after each pass, the tractor and plow were 
returned to the same starting side of the experimental site with the plow in the raised position.  
Nominal plowing speed and depth was 6 km/h and 17 cm respectively. 

The tractor was stopped periodically, the plow was unhitched, and a data file was logged 
with no-load on the tractor hitch.  These zero or tare files were used to monitor and 
subsequently correct for drift in the offset of the analog instrumentation channels.   



 

 

 

Data analysis 

The data were checked by plotting the data logged from the various transducers on the 
tractor over length of the run using custom software developed in conjunction with the data 
logging software.  In one case, an obvious instrumentation failure was noted in the graphs of the 
data, and the file was discarded.  The data files which traversed four plots in the four ranges or 
blocks were parsed into individual plots using the event markers.  Plot numbers, and pass 
numbers were extracted from the filenames.  Draft data were then corrected for instrument drift 
by subtracting a correction factor determined from the weighted mean of apparent draft from the 
closest before and after zero files logged with the tractor stopped and no load on the tractor 
hitch.  It was assumed that the drift between the zero files was linear with time, and weighting 
factors were determined from elapsed times between each data point and the nearest before 
and after zero files.  Data were trimmed by removing the first and last 0.5 seconds at the end of 
each plot.  Means were calculated for each pass in each plot, and finally, the data were merged 
with a separate data file with attributes (treatments, side etc.) for each plot.  Split-plot ANOVA 
was applied, and differences among means were determined by the LSD test.  All data analyses 
were done in SAS Ver. 9.3. 

Results and Discussion 

Effect of previous (1988 – 1993) crop rotation and tillage treatments 

The split-plot ANOVA tables for implement draft, tractor fuel consumption and tractor 
engine speed are given in Table 2.  The treatment effect (previous crop rotations) at the whole 
plot level was not significant (P > 0.05) for any of plow draft, tractor fuel consumption, or engine 
speed, although post hoc analysis showed some significant differences among the previous 
management treatments (Table 3).  ANOVA only determines if the treatment creates an effect 
different from the mean while the post hoc analysis checks all pair-wise combinations of the 
treatment levels.  The post hoc analysis can show a significant pair-wise difference between 
some levels of the treatment even though the ANOVA showed that the treatment was not 
different from the mean.  The sub-plot treatment (1994 tillage, CT or NT) was significant for both 
plow draft and tractor fuel consumption, but not for engine speed.     

Our previous work on the same experimental site showed that the soil and crop 
management treatment effect on both plow draft and tractor fuel consumption was significant in 
1994, which was the first year that the experimental site had been returned to corn production 
(Perfect et al. 1997).  Significant management treatment effects were also noted on two thirds of 
the soil parameters measured in spring 1994 with the most pronounced effect on aggregate 
stability factors, wet aggregate stability (WAS), and dispersible clay as a fraction of total clay 
(DCF).  These soil parameters were not investigated in 1995. 

In 1994, the treatment with the highest and lowest draft and tractor fuel consumption 
was six years continuous brome grass (B6) and minimum till corn under seeded with red clover 
(CRM6) respectively (Perfect et al. 1997).   B6 was the management treatment with the second 
highest draft in 1995, but was only 0.06 kN less than the A4C2 which was the highest in 1995, 
and CRM6 was the management treatment with the lowest plow draft in 1995.  

The previous crops were killed with herbicides in spring 1994, and the 1994 tillage 
energy measurements were done several weeks later.  Previous management treatments 
included corn, alfalfa and brome grass crops, each with specific previous tillage treatments and 
root characteristics.  Differences in soil structure and crop root characteristics from the previous 
management treatments all contributed to the differences in moldboard plow draft measured in 



 

 

 

1994.  In 1995, the previous crop was corn for the entire experimental site, and the effect of 
previous crop management (1988 to 1993) was not significant on the 1995 data.  Difference 
between management treatments with the maximum and minimum plough draft was 3.6 kN 
(21.6%) in 1994, but was only 0.6 kN (3.9%) in 1995.  The differences in plow draft among 
management treatments observed in spring 1994 had apparently been largely obliterated by the 
1994 corn crop, and the effect on the spring 1995 plow draft was much weaker. 

 Effect of tillage treatment in previous year 

The sub-plot treatment in the present experiment was 1994 tillage with two levels, NT 
and CT.  Both the 1994 tillage, and interaction of tillage and previous soil and crop management 
treatments (rotations) had a significant effect (P < 0.05) on the plow draft in 1995.  The 1994 
tillage effect was highly significant (P < 0.01) on fuel consumption, but the interaction of tillage 
and management was not significant on fuel consumption, and neither tillage nor interaction of 
tillage and management effects on engine speed were significant (Table 2). 

The NT treatment imposed in the previous year in 1994 resulted in very small reduction 
in 1995 plow draft, tractor fuel consumption and tractor engine speed of 0.26 kN, 0.079 mL/s, 
and less than 1.0 rpm respectively corresponding to 1.7, 1.5 and 0.05% of the respective CT 
values.  It is somewhat surprising that these small differences would be significant (P < 0.05) for 
draft and fuel consumption.  The split-plot experimental design has the greatest power in 
resolving differences among treatments at the sub-plot level.  The previous (1994) tillage was 
the sub-plot treatment the present experiment. 

The lower plow draft and tractor fuel consumption associated with NT is consistent with 
the generally held opinion that NT improves soil structure.  In one of our previous experiments 
on a different clay loam soil, we noted a residual effect of tillage treatment in one year on 
moldboard plow draft in the following year.  Plots which had received no-till, or shallow (50-60 
mm) superficial tillage treatment in one year exhibited lower moldboard plow draft in the 
following year than those plots which had received deeper (> 150 mm) conventional tillage 
(chisel plow or variations of the chisel plow, or moldboard plow) in the previous year 
(unpublished data). 

The very small differences among previous soil and crop management treatments in 
implement draft in 1995 compared with those in 1994 suggests that impact of crop management 
treatments on soil structure are short lived, and can be quickly obliterated by a different crop or 
management system.  Intensive tillage is often preformed to produce a fine seed bed, but both 
the present experiment and our previous experiment on residual effect of a tillage treatment on 
tillage energy in the subsequent year suggest that the soil loosening achieved by tillage lasts 
less than one year.  

The interaction between 1994 tillage and previous soil and crop management treatments 
may be due in part to the lack or presence of tillage in the various management treatments over 
the six years prior to 1994.  Two management treatments with continuous forage, A6 and B6 
had no tillage for six years, one treatment, CRM6 had only minimum tillage for six years, and 
the other six management treatments all had CT in the previous two years (Table 1). When all 
seven crop years, 1988 to 1994 inclusive, were taken together, there were varying degrees of 
tillage for the sub-plots among the different management treatments ranging among continuous 
NT, continuous CT, and different combinations of NT and CT in the past seven years.  Thus the 
interaction effects of tillage in 1994 (NT and CT) and soil and crop management from 1988 to 
1994 on plow draft measured in 1995 may in part be reflecting the different tillage treatments 
over the past seven years. 



 

 

 

There was a general trend of increasing tractor fuel consumption for increasing 
implement draft.  This was expected, as increasing implement draft increases the load on the 
tractor engine.  Tractor fuel consumption is known to be highly correlated with engine load at a 
given engine speed although the relationship is not one to one since the engine efficiency varies 
with engine load, and fuel is required to overcome tractor rolling resistance at zero implement 
draft. 

Tractor engine speed is negatively correlated with engine load, but again, the 
relationship is not one to one.  Variations in engine speed reflect the inability of the tractor 
engine to maintain constant engine speed under varying engine loads; the engine high idle 
speed was set at 1950 rpm with the tractor stopped in the buffer zone outside of the plot area, 
and no attempt was made to correct for drop in engine speed while under load within the plot 
area.  The resolution of the engine tachometer display on the tractor instrument panel used to 
adjust the high idle speed was only 10 rpm so more precise adjustments of the high idle speed 
could not be made.  With this limitation, and with the relatively small changes in engine speed, it 
is not surprising that neither the soil and crop management treatments imposed from 1988 to 
1993, nor the 1994 tillage treatments had a significant effect on engine speed.  In some 
experiments with the instrumented research tractor where the engine loads were higher and 
more variable, we have been able to use engine speed as an indicator of implement draft.  Our 
engine speed instrumentation generates 54 digital pulses per revolution of the engine, and the 
long-term accuracy of engine speed measurement is limited only by the accuracy of the time 
base triggering the data logger scans.  Negative correlations between engine speed and 
measured implement draft help to establish confidence in the measured draft data. 

Conclusions 

A long term soil and crop management experiment was conducted by the University of 
Guelph with corn, alfalfa and brome-grass in rotation over six years.  In 1994, the crop rotation 
treatments were terminated and each plot was split in half, and one half subjected to 
conventional tillage and the other half left as no-till.  The entire site was planted to corn.  In 
1995, the entire site was moldboard plowed and plow draft and tractor fuel consumption 
measurements were made with the Agriculture and Agri-Food Canada instrumented research 
tractor. 

Previous crop management treatments had no significant (P > 0.05) effect on either plow 
draft or tractor fuel consumption.  The halves of the plots that were in no-till the previous year 
(1994) had a lower moldboard plow draft than the other halves of the plots which were in 
conventional till the previous year.  The differences were small, 1.7%, but were statistically 
significant (P < 0.05).  Similar differences were noted in tractor fuel consumption where the 
mean fuel consumption for the no-till half of the plots was 1.5% less than the conventional till 
half of the plots.  This result supports the widely held opinion that no-till improves soil structure.  
It also suggests that the beneficial aspects of no-till on soil can be quickly be destroyed by 
tillage, and differences can be detected one year after applying the tillage treatment. 
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Table 1.  Crops and tillage applied in different soil and crop management treatments from 1988 
to 1994 

Treatment 

Code 

Crop Year 

1988 1989 1990 1991 1992 1993 1994 

A2C4 Alfalfa 

NT 

Alfalfa 

NT 

Corn 

CT 

Corn 

CT 

Corn 

CT 

Corn 

CT 

Corn 

CT/NT 

A4C2 Alfalfa 

NT 

Alfalfa 

NT 

Alfalfa 

NT 

Alfalfa 

NT 

Corn 

CT 

Corn 

CT 

Corn 

CT/NT 

A6 Alfalfa 

NT 

Alfalfa 

NT 

Alfalfa 

NT 

Alfalfa 

NT 

Alfalfa 

NT 

Alfalfa 

NT 

Corn 

CT/NT 

B2C4 Brome 
Grass - NT 

Brome 
Grass - NT 

Corn 

CT 

Corn 

CT 

Corn 

CT 

Corn 

CT 

Corn 

CT/NT 

B4C2 Brome 
Grass - NT 

Brome 
Grass - NT 

Brome 
Grass - NT 

Brome 
Grass - NT 

Corn 

CT 

Corn 

CT 

Corn 

CT/NT 

B6 Brome 
Grass - NT 

Brome 
Grass - NT 

Brome 
Grass - NT 

Brome 
Grass - NT 

Brome 
Grass - NT 

Brome 
Grass - NT 

Corn 

CT/NT 

CC6 Corn 

CT 

Corn 

CT 

Corn 

CT 

Corn 

CT 

Corn 

CT 

Corn 

CT 

Corn 

CT/NT 

CR6 Corn/Red 
Clover - 

CT 

Corn/Red 
Clover - 

CT 

Corn/Red 
Clover - 

CT 

Corn/Red 
Clover - 

CT 

Corn/Red 
Clover - 

CT 

Corn/Red 
Clover - 

CT 

Corn 

CT/NT 

CRM6 Corn/Red 
Clover - 

MT 

Corn/Red 
Clover - 

MT 

Corn/Red 
Clover - 

MT 

Corn/Red 
Clover - 

MT 

Corn/Red 
Clover - 

MT 

Corn/Red 
Clover - 

MT 

Corn 

CT/NT 

 

NT – No Tillage applied at the whole plot level to forage (Alfalfa and Brome Grass) crops. 

CT – Conventional tillage consisting of spring moldboard plowing, cultivation and planting 
applied at the whole plot level to corn crops. 

MT – Minimum tillage consisting of two light spring diskings and planting applied to CRM6 
treatment. 

CT/NT – Plots were split in half with one half subjected to conventional till and the other half 
subjected to conventional till.  

Corn/Red Clover – Corn under seeded with red clover. 



 

 

 

Table 2.  F-statistics and significance levels for plow draft, tractor fuel consumption and tractor 
engine speed determined from split-plot analysis of variance. 

  F-Statistic and Probability Level 

Factor df Plow Draft Tractor Fuel 
Consumption 

Tractor 
Engine 
Speed 

     

1988-93 Management 
(M) 

8 0.68 1.95 † 1.48 

Replicate (R) 3 0.94 0.94 0.92 

Error A (M*R) 24    

1994 Tillage (T) 1 7.27 * 8.40 ** 0.63 

T*R 3 0.65 0.41 0.56 

T*M 8 2.73 * 1.46 1.79 

Error B (T*M*R) 24    

Total 71    

 

†, *, ** indicate significance at probability levels of 0.1, 0.05 and 0.01 respectively. 



 

 

 

Table 3.  Mean and standard deviations for plow draft, tractor fuel consumption and tractor 
engine speed for 1988 to 1993 management treatments, and for 1994 tillage treatments. 

Crop 
Management 
Treatment  

(1988 – 1993) 

Plow Draft 

(kN) 

Fuel Rate 

(ml/s) 

Engine Speed 

(rpm) 

A2C4 14.9 (0.72) a,b,c,d 4.74 (0.7) a,b,c,d,g 1907 (3.7) a,b,c,d,e 

A4C2 15.3 (0.89) a,b 4.88 (0.12) b,c,f,g,h 1903 (7.6) b,c 

A6 15.0 (0.67) a,b,c,d 4.81 (0.12) a,b,c,d,f,g,h 1908 (7.7)  a,b,c,d,e 

B2C4 15.2 (0.73) a,b,c,d 4.79 (0.10) a,c,d,g,h 1907 (4.1)  a,b,c,d,e 

B4C2 15.2 (0.94) a,b,c,d 4.95 (0.12) e,f 1905 (7.6) a,b 

B6 15.3 (0.79) a,b,c 4.89 (0.11) b,c,e,f,h 1907 (5.3)  a,b,c,d,e 

CC6 14.9 (0.80) a,b,c,d 4.81 (0.19) a,b,c,d,g,h 1910 (6.7) d,e 

CRC6 14.8 (0.87) b,c,d 4.81 (0.23) a,b,c,d,g,h 1911 (7.3) c,e 

CRM6 14.7 (0.44) c,d 4.81 (0.11) b,c,d,f,g,h 1910 (3.4) c,d 

    

Tillage 
Treatment  

(Applied 1994) 

   

Conventional-
Till 

15.1 (0.84) A 4.87 (0.17) A 1907 (6.1) A 

No-Till 14.9 (0.11) B 4.80 (0.11) B 1908 (7.2) A 

  

Means in the same column and followed by the same lower case or upper case letter do not 
differ significantly (P > 0.05) according to the LSD test. 


