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An 1 1-yr rotation-tillage experiment conducted on a coarse-textured, Brown Chernozemic soil at
Cantaur, southwestern Saskatchewan, was used to demonstrate the beneficial effects of reducing
cropping frequency and tillage on selected soil biochemical and physical attributes. Treatment
differences were most noticeable in the O-7.5 cm depth, and especially for C and N mineralization
and water stable aggregates. Total organic matter and microbial biomass-N effectively
distinguished the effect of cropping frequency (continuous wheat vs fallow-wheat) on the
attributes assessed, but did less well in distinguishing tillage effects [no-tillage vs conventional
tillage (really minimum tillage)]. Levels of soil test N, measured in the fallow-wheat system each
fall, supported evidence that by reducing the tillage we have increased the N-supplying power of
the soil. This suggests that an economic benefit may eventually accrue to producers who adopt
improved crop management practices.

Introduction

In southern Saskatchewan, producers are gradually moving from the customary fallow-wheat
rotation with conventional tillage management towards an extended rotation and reduced tillage.
In theory this trend should, in due course, reduce soil degradation (Campbell et al. 1986, 1988),
but we need tangible evidence that this is indeed occurring. An ongoing tillage experiment being
conducted in the Brown soil zone in southwestern Saskatchewan for over a decade provides this
opportunity.

One objective of this study was to determine how crop rotation and tillage influence various soil
biochemical and physical characteristics.

Materials and Methods

The experiment was conducted on farmer’s land at Cantaur, located 12 miles west of Swift
Current, from 1982-1994. The soil is classified as Hatton fine sandy loam, an Orthic Brown
Chemozem.

In this experiment we compared fallow-spring wheat (P-W) (all rotation phases present each year)
vs continuous wheat (Cont W), and no-tillage (NT) vs conventional tillage (CT). There were
three replicates with each plot measuring 15 m x 30 m. The conventional tillage treatment for
Cont W involved herbicide spray in fall to control winter annual weeds and one preseeding tillage
in spring using a heavy duty cultivator or rodweeder, while in the fallow CT involved use of a
combination of fall herbicide treatment and one or two tillage operations in summer using a V-
blade cultivator. The no-till crop was seeded with the Swift Current no-till offset disc drill (Dyck
and Tessier 1986), and a hoe-press drill to seed the CT treatments. Soil samples taken in October



(O-60 cm depth) were used to determine N (ammonium nitrate) requirements, while P was applied
with the seed at 20 kg ha-l P205 (monoammonium phosphate).

In May 1994 soil samples were taken from the O-7.5 and 7.5-15 cm depths for determination of
organic C and N (Carlo Erba). Carbon mineralization was measured at 21°C for 30 days
(Biederbeck et al. 1994), and potentially mineralizable N, based on a 16-wk incubation at 35°C
with periodic leaching of mineral N formed (Campbell et al. 1993), microbial biomass N, after
lo-day incubation with chloroform followed by extraction and determination of ninhydrin N
(Amato and Ladd 1988) were also determined. The organic C and N and mineralizable N were
done on air dry soil and the other soil biochemical analyses on field moist soil wetted to field
capacity. Separate soil samples were taken from the O-5 cm depth, the soil air dried, dry sieved
and the "C" fraction (0.84-2 mm) used to determine wet aggregate stability without prewetting
(Kemper and Rosenau 1986; Campbell et al. 1993). Separate soil samples were taken in each
replicate (4 subsamples per plot) for bulk density determination of the O-7.5 and 7.5-15 cm
depths (Tessier and Steppuhn 1990). The bulk densities were used to convert concentrations to
mass. Standard methods of analysis of variance were used to analyze the results and LSD values
calculated to compare treatment means.

Results and Discussion

After 11 yr of management highest amounts of soil organic C in the O-7.5 cm depth were found in
the Cont W (NT) and lowest in the F-W (CT) (Table 1) as would be expected based on amounts
of residues returned to the land (Table 1), degree of disturbance during tillage, and soil moisture
regime which is generally higher in the fallow system. Although there was a tendency for organic
C to be higher in Cont W (NT) than in Cont W (CT), in Cont W (NT) than in F-W (NT), and in
F-W (NT.) than in F-W (CT), these differences were not always significant due to the large
variability in the data (Table 1). There was no effect of treatments on organic C in the 7.5-15 cm
depth, nor in the 0- 15 cm depth, although the trends in the latter depth generally coincided with
those observed for the O-7.5 cm depth. Soil organic matter N behaved in a similar manner as
organic C (data not shown).

Soil microbial biomass-N (MB-N) in the O-7.5 cm depth was significantly greater (P < 0.01) in
the Cont W systems than in the F-W systems, but tillage was not significant in either rotation
(Table 1). There was no effect of rotation nor tillage on MB-N in the 7.5-15 cm depth and the
results for the O-15 cm depth mirrored those for the O-7.5 cm.

Cumulative C mineralization, as an index of the potential capacity of the soil microbes to
decompose soil organic matter, showed that values were, in order of magnitude, Cont W (NT) >
Cont W (CT) > F-W (NT) >.  F-W (CT) in the O-7.5 cm depth (Table 1). Again there was no
difference in the 7.5-15 cm depth and although the trends in the O-15 cm tended to mirror those
for the O-7.5 cm these differences were not significant.

The potential of the soil to mineralize N can be measured in terms of various parameters [e.g.,
cumulative N mineralized, or the calculated potentially mineralizable N, or the initial potential rate
of N mineralization (Campbell et al. 1991)].19199191)As can be seen from cumulative N mineralized
(Table 1), l), all three of these parameters showed, as found for C mineralization, that the soil’s
ability to mineralize N is now greater in Cont W (NT) > Cont W (CT) > F-W (NT) > F-W (CT)
in the O-15 cm depth. The rate constant (k) (data not shown) was not affected by the treatments.
These results imply that producers that use progressive crop management procedures should be
reaping benefits in terms of improved N supplying ability of their soils.
this by examinin

We attempted to confirm
g the soil test NO3-N levels measured in the fall each year (Table 2). Although

there was little difference due to tillage in the Cont W system it is apparent that the NT increased
the net N mineralized after 12 months of summerfallow, each year from 1985 to 1991 inclusive.
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In the first two and the last two years there was no effect of tillage in the F-W system because
early in the study the treatments were too alike, and in the last two years, above-average
precipitation leached most of the nitrate that was formed in the fallow period. In the case of Cont
W no differences were apparent because the period between harvest (early September) and soil
sampling (early October) is short and generally, after just growing a crop, the soil is too dry to
permit much net N mineralization to occur.

Soil aggregates are important because of their close relationship to soil structure. One might
anticipate obtaining an increase in soil aggregation when cropping frequency is increased (fallow
decreased) due to greater inputs of crop residues (Campbell et al. 1993) and when tillage is
reduced, because of less mechanical soil disturbance (Oades 1984). For samples taken in spring
1994 we only found a decrease in wet aggregate stability when the F-W system was subjected to
CT (Table 3). However, for samples taken in fall 1991 we did observe a significant (P < 0.05)
increase in aggregate stability due to more frequent cropping and reduced tillage.

Table 1. Effect of crop rotation and tillage on selected soil biochemical characteristics and
average grain production per rotation, after 11 yr on Hatton fine sandy loam at Cantaur,
southwestern Saskatchewan

{ ---Table at end of paper--- }

Table 2. Effect of crop rotation and tillage on soil test-N measured each fall in Hatton fine
sandy loam at Cantaur, southwestern Saskatchewan
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Table 3. Effect of crop rotation and tillage on water stable aggregates after 8 and 11 yr on

t Values averaged over rotation phase which was not significant.

Conclusions

Soil samples taken after 11 yr of treatments showed that most soil characteristics assessed were
increased or improved by cropping more frequently (less summerfallow) and by reducing tillage
The differences were mainly observed in the O-7.5 cm depth, but rarely in the 7.5-15 cm. Carbon
and nitrogen mineralization were the characteristics that most effectively provided evidence of the
treatment effects. Total organic matter and microbial biomass-N were effective in separating
some rotation and some tillage effects, while water stable aggregation was also a useful soil
quality attribute. The annual soil test N results showed generally higher values for NT than for
CT in the fallow-wheat system, thus supporting our findings that potential mineralizable N was
greater for NT than for CT in this fine sandy loam soil.
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Table 1. Effect of crop rotation and tillage on selected soil biochemical characteristics and average grain production per rotation, after 11 yr on
Hatton fine sandy loam at Cantaur. southwestern Saskatchewan

Organic matter C Microbial biomass-N Cum. C mineralized* Cum. N mineralized Avg. grain

(t ha-‘) (kg ha-‘) (kg ha“) (kg ha-‘) production

Treatments o-7.5 7 .515  O-15 o-7.5 7.5- 15 o-15 o-7.5 7.5-15 o-15 o-7.5 7.5- 15 o-15 (kg ha-‘yr-‘)

Cont W (NT) 10.8 9.7 20.4 34.0 18.7 52.7 171 42 213 97 51 148 1210

Cont W (CT) 8.9 9.7 18.6 33.7 18.0 51.7 149 51 200 74 48 123 1160

tF-W (N-U 9.9 10.0 19.9 24.2 15.4 39.6 115 30 145 66 39 105 1140

tF-W (CT) 8.1 9.5 17.6 22.2 13.8 36.0 74 24 98 46 35 81 1080

Prob. of signif. F P<0.05 ns ns P<0.01 ns P<0.01 P<0.001 P<0.01 P<0.001 P<0.001 P<0.001 P<0.001 ns

LSD (P<0.05) 1.9 2.4 4.0 7.9 5.2 6.9 23 13 30 20 7 24 ND

t Values averaged over rotation phase which was not significant.

$ CO,-C mineralized in 30 days at 21°C.

* Mineral-N mineralized in 16 wk at 35°C.

ND = not determined; ns = not significant (P<0.05).
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