Zero-tillage management: A response to high fuel prices - Managing risk, residue
management and fertilizer management
Byron Irvine, AAFC, Brandon, Manitoba, R7A 5Y3. E-Mail:birvine@agr.gc.ca

Summary

Reducing risk costs in cropping systems is not only about reducing fuel used in tillage, but also
about fertilizer costs. The major energy cost in annual cropping is nitrogen fertilizer. The overall
energy reduction due to zero-tillage was 2% at Indian Head, with 14% of total energy inputs in
fuel and lubricants under zero tillage compared to 20% of total energy inputs under conventional
tillage. In drier areas, zero tillage has a more positive energy balance due to higher soil moisture
and reduced evaporation. These factors allow more continuous cropping and often higher
yields. Under better moisture conditions, such as those in the majority of the black soil zone, the
need for moisture conservation is often not as large. In some situations, there may be excess
moisture in the spring, which can delay planting and thus has the potential to reduce yields of
cool season crops. Warm season crops such as soybean and dry bean often have lower yields
under zero tillage in the Red River Valley unless the straw is removed. If the straw is removed,
soil temperature may be greater than under conventional tillage. Taller standing stubble reduces
wind speed and increases air temperature during the seeding stages, which increased seed
yields in Swift Current, but did not increase yield in Brandon. While there is currently no data to
support the idea, a good system for planting soybean and dry bean may be tall stubble with
surface residue removed. This system would probably be good due to the higher soil and air
temperatures it would provide early in the season. However, this may not be suitable for all
crops. The extra soil moisture resulting from reduced evaporation from the soil surface could
delay planting. Tillage system also influences weed populations due to the physical factors
affecting microsites, as well as temperature and moisture. For example, dandelions can become
a significant problem under zero tillage if they are not controlled on a regular basis. To limit the
establishment of adult plants, dandelions need to be sprayed in the fall or spring with
appropriate herbicides. In general, plant diseases have not been significantly affected by tillage
system and they have minimal impact on risk. This includes fusarium in cereal grains which has
increased in the Red River Valley, where zero tillage is very limited. Under zero tillage,
successful establishment of small seeded crops, such as canola, requires that the crop not be
planted too deep. Row cleaners or some similar system may be required when crop residues
are heavy since residue acts very much like soil in reducing crop establishment. Thus, zero
tillage can enhance crop production in some situations. While it does reduce risk of water deficit,
it can increase risk due to cool, wet soils, unless alternative management is conducted.



Whole farm risk is a very large and complex issue; thus, for purposes of this paper, | will focus
on farming systems which do not include livestock. The discussion will be primarily devoted to
how production related risks are impacted by direct seeding. Direct seeding, including zero-
tillage (which | define as low disturbance, single pass seeding), is currently a well established
management system. Direct seeding employs well designed and constructed seeding
equipment and there is a significant body of research information on the impacts of this
technology on: 1)moisture 2)temperature 3)wind speed 4)diseases 5)weeds 6)energy and 7)soil
quality/nutrients.

Direct seeding has been an important tool to reduce wind and soil erosion. This is due to the
direct impact of reducing the amount of erodible soil in all fields where this type of management
is used and in drier areas. Direct seeding also increases the amount of stored soil moisture,
enabling fallow to be reduced without an excessive increase in risk. In areas where soil moisture
can be excessive, direct seeding can delay planting by slowing drying of the soil surface.
According to Manitoba Crop insurance data, delayed seeding generally results in lower yields
(Fig 1). There is some evidence that delayed seeding impacts are more significant at sites or
years when temperatures are warmer. This is consistent with the fact that cool season crops
such as wheat have optimal growing temperatures around 18 °C and when seeding is delayed,
some growth happens when temperatures are above optimum for these crops. In addition,
delayed planting reduces the number of long days during the growing period, moves crop filling
later in the season when rainfall is generally less and increases risk of frost and poor drying
conditions later in the season. While delayed seeding is occasionally positive due to drought or
late spring frosts, generally planting cool season crops early is a good strategy. Single pass
direct seeding allows early planting to happen more easily. Producers who do not practice direct
seeding often conduct most of their seedbed preparation operations in the fall so that they can
seed as early as possible in the spring, without a large number of pre-seeding tillage operations.
Delaying seeding to “grow out” weeds is generally not successful in Manitoba, and it tends to
reduce crop yields. An initial flush of weeds such as wild oats are controlled, but in-season
precipitation results in multiple flushes of wild oats which limit the effectiveness of this
management technique.

Direct seeding can result in cooler soil temperatures and extra moisture, which often means that
crops can be planted at a shallower depth. The net result may mean little change in the time of
crop emergence. Early work in Manitoba showed that removing straw can increase soil
temperatures in direct seeding situations so that these soils were warmer than conventionally
tilled soils. At Morden, McAdrew (unpublished) examined treatments including straw removal
and burning compared to conventional tillage and direct seeding without straw removal to
determine how to enhance direct seeding of soybean and dry bean (Table 1). The yield of
these heat-loving crops was lower when they were planted using direct seeding systems, but
straw removal or spring tillage alleviated this. In this situation, it appears the conventional tillage
or burning may be more cost effective, even with tillage costs included. Since crops like dry
bean and soybean generally have less residue, it may be feasible to direct seed cereal grains
into these stubbles, while using conventional tillage for soybean and dry bean. This may require
extra machinery or custom work, and a complete economic analysis of these operations should
be conducted to ensure a positive economic outcome.
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Fig 1. Impact of seeding date on relative yields of crops in Manitoba source® Wilcox 2003

Table 1 Impact of Tillage System on warm season crop yields

kgha™
Tillage treatment Dry Bean Soy Bean
Zt 2107 (95) 2591(92)
ZT fall burn 2241(101) 2854(101)
Spring Tillage 2307(104) 2950(105)
Fall & Spring tillage 2218(100) 2812(100)

Standing stubble reduces wind speed near the soil surface, reducing the rate of soil drying when
the crop canopy is small. At Swift Current, planting into tall stubble has increased seed yields
but this was rarely the case in Brandon (Table 2). Since the cost effective technology is
available to direct seed between crop rows, it is now possible to direct seed into taller stubble
without serious plugging. Given the fact that combine work rate is increased when cutting
height is increased and that yields are equal, there is a potential value to direct seeding into tall
stubble to take advantage of extra moisture in years when there is a moisture deficit. However,
this is unlikely to be wise if the field in question is subject to excess moisture.

Stripper header technology has the potential to increase combine capacity by 50-100% and
thereby reduce the energy costs of operation (Tado et al. 1998). The stubble of cereal grains
remains very long and, with appropriate seeding equipment, can trap more snow and reduce



evaporation. In the relatively moist areas of the Northern Great Plains, greater snow trap may
delay planting to such a degree that it would make annual cropping impossible. When straw
production is high, it is necessary to add some additional straw cutting tool or other
management tool to ensure that seeding can occur without excessive hairpinning (with disc
openers) or plugging (when hoe openers are used).

Table 2 Impact of stubble height on crop yields at sites differencing in
potential evapotranspiration

Brandon Swift Current
Canola®' Pea? Wheat?' | Canola®? Pulse®® Wheat*
cult 1560 2667 2471 1239 1782 2225
short 1628 2707 2553 1354 1858 2418
tall 1578 2805 2460 1445 2008 2560
Tukey (.10) ns ns ns | 136 161 94

! Source Volkmar et al report to WGRF ?* Cutforth et al 2006
ZCutforth et al 2002 *Cutforth and McConkey 1997

In field surveys of Manitoba, Gilbert and Woods (2001) were unable to identify consistent
impacts of tillage system on disease levels and where statistically significant differences in
disease levels were identified. the differences were of limited biological importance (Table 3).

Table 3 Effect of tillage system in Fields on foliar disease levels

South Eastern Manitoba South Western Manitoba
Pathogen Conventional Conservation | Conventional Conservation
S. nordum blotch 8.6 51*
8.8 10.4
S. triticti blotch 35.7 39.1 34.0 16.3**
Spot blotch 20.1 18.6 9.7 6.7
Tan spot 71 6.9 99 18.1

Gilbert and Woods Can.J. Plant Sci 81:551-559

While it seems intuitive that the energy costs, and thus total costs, would be greatly reduced,
this is not often the case since the major energy costs in annual cropping systems are those
associated with nitrogen fertilization. In a study at Indian Head, Saskatchewan, energy costs
associated with conventional tillage were about 2% higher than those for zero tillage (Table 4).
This cost increases in direct portion to the number of tillage operations. While this cost may be
relatively small, the impact on net returns can be significant. For example, if the net return to a
wheat or canola crop is $25/ac, two extra cultivations may reduce this number by $6-10/ac,
which is extremely important.

Zero tillage has a variable impact on weeds, with factors such as crop rotation and in crop weed
management having larger impacts than tillage in many situations. Certain weeds, such as
green foxtail, are reduced by low disturbance direct seeding. However, the effect of seeding
system on wild oats is not as clear and the effect tends to be species specific. Thus, risk may
change but the other impact still depends on management in both conventional and direct
seeding systems.



Table 4. Impact of crop sequence and tillage method on non-renewable energy inputs, energy
output MJ ha™ and energy use efficiency of spring wheat and pea production at Indian Head

(1987-1998)

Energy Source Spring wheat on Spring wheat on pea Pea on cereal
cereal stubble stubble stubble
CT’ ZT° CT ZT CT zZT
Fertilizer 5886 6003 5410 5471 1503 1724
Herbicides 555 779 416 601 411 578
Fuel and lubricants 1688 1132 1693 1140 2329 1674
Machinery overhead 375 340 389 345 502 464
Total energy input 8484 a| 8254 b 7908 a 7625 ¢ 4745 a 4440 c
Gross energy output 35713 b | 38211 42693 ab | 40568 b | 39038 a| 42350 a
a
Net energy produced 27229 b | 29957 34785ab | 32943 b | 34293b | 37910 a
a
Grain/energy input® 284 b 300 a 354 b 341b 485 a 594 a
Output/input ratio 421b| 4.60a 540 a 5.32 a 8.23 c 9.54a

“ adapted from Zenter et al 2004

@ Means followed by the same letter do not differ with crop do not differ @ P<0.10
® conventional tillage one tillage in fall and one in the spring prior to planting

¢ zero tillage using a hoe opener commercial drill.

4 Units are kg of grain produced per GJ of energy input.

High disturbance single pass seeding using sweeps is declining, but a single pass system does
reduce time. A single pass system also can be a method of reducing fertilizer injury by
increasing seed bed utilization. This type of seeding system requires more fuel, but if
appropriate control of perennials and winter annuals is conducted in the previous system, this
system can be an effective seeding system. Canola must be planted shallow, and it has been
found that deeper planting is more damaging with sweeps than when a sidebanding planter is
used. The use of sweeps has generally resulted in reduced establishment and thus can add
cost when hybrid canola seed is used.

While the overall impact of tillage system on nutrient management is variable, it is obvious that if
you are storing carbon, nitrogen is also stored. This nitrogen must come from extra nitrogen
fertilizer, reduced nitrogen loss or nitrogen fixation. Nitrogen fixation can be enhanced under
zero tillage in some conditions, but under Western Canadian conditions there is currently no
evidence for significant amounts of nitrogen fixation by free living organisms. However, if
nitrogen accumulates in a rapidly cycling and readily available organic pool, it should be
possible to reduce the risk of under-fertilization because, under excellent growing conditions,
nitrogen would be released to meet crop needs. There have been numerous reports on the safe
distance for fertilizer bands to protect the seed from damage, and there are products on the
market to reduce fertilizer damage when fertilizer is placed within the seed row. This subject
has been dealt with in many presentations, but it should be noted that care should be taken to
limit fertilizer damage in direct seeding systems or risk will be increased rather than decreased.
This is very important when using urea based fertilizer on canola planted on soils with low CEC
and/or high pH and/or dry soils.




References

Cutforth, H. W. and McConkey, B. G. 1997. Stubble height effects on microclimate, yield and
water use efficiency of spring wheat grown in a semiarid climate on the Canadian Prairies. Can.
J. Plant Sci. 77: 359-366.

Cutforth, H. W., McConkey, B. G., Ulrich, D., Miller, P. R. and Angadi, S. V. 2002. Yield and
water use efficiency of pulses seeded directly into standing stubble in the semiarid Canadian
prairie. Can. J. Plant Sci. 82;: 681-686.

Gilbert,d and Woods, S.M. 2001. Leaf spot diseases of spring wheat in southern Manitoba farm
field und conventional and conservations tillage. Can. J. Plant Sci. 81:551-559.

Tado, C. J. M., Wacker, P., Kutzbach, H. D. and Suministrado, D. C. 1998. Development of
Stripper Harvesters: A Review. Journal of Agricultural Engineering Research 71(2):103-112.

Wilcox, D. 2003. No more blind dates: Crop yield response to seeding dates. pp. 4.5. in Yield
Manitoba, February 20, 2003 (an Annual Supplement to the Manitoba Co-operator Newspaper),
40pp.

Zentner, R. P., Lafond, G. P., Derksen, D. A., Nagy, C. N., Wall, D. D. and May, W. E. 2004.
Effects of tillage method and crop rotation on non-renewable energy use efficiency for a thin
Black Chernozem in the Canadian Prairies. Soil and Tillage Research 77(2):125-136.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


