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Executive Summary

No-till or zero-till (ZT) (planting of a crop into the untilled stubble of a previous crop with little or no
soil disturbance)s a conservation practice, that is economical (saving on fuel, farm machieemd
reduced labor costs, while maintaining or imying crop yields); and it is environmentally friendly
(increased soibrganic matter, improved soil tilth, improved moisture conservation and use efficiency,
and reduced soil erosion). Nitl seeding also has the potential to sequester atmospheric acidxarfe,

an important factor in the mitigation of green house gas emissions.

No-till adoption rate i The adoption of ndill in western Canada experienced a pronounced upward

trend since 1991. The planted acres usingjlhpractices are estimated to gpowing at an annual rate of
626,000 acres in Alberta. Since the mid 1980s, considerable research has been done on the
characterization of ntillage on the Canadian Prairies. The main objective of this report is to examine the
value of netill practiceson the prairies.

Economic of netill i Adoption of netill on the farm depends on the assumption that it will maximize

net farm income and/or reduce risk taking. Factors that contribute to the net farm income include yield,
cost of inputs used in cropgruction (labor, fuel, fertilizer, pesticide, seed and machinery), and expected
output (commodities) prices.

Grain yieldi On average crop yields are generally higher wtilheystems (wheat: 3.5%; barley: 6.2%;
flax: 7.9%; peas: 4.6% and lentils: 13%)

Labor costi There is a lower cost for labor in4titl (ZT): 3.5 passes; minimum tillage (MT): 5.8 passes,
and conventional tillage (CT): 7.5 passes).

Fertilizer usei There is no agreement in the literature on the effects-tiflom fertilizer needs and

nutrient availability. Some researchers have suggested that, over the long haul, fertilizer use decreases
under netill because it is injected (side or midw banded) below the soil surface, resulting in more
efficient use of nutrients, while loeérs have suggested that the fertilizer requirement increases or stays the
same for both ndill and conventional tillage systems. A study in southern Alberta has shown ikt no
wheat tied up nitrogen in residue and soil organic matter, resultinduced yields. Nill,

accompanied by appropriate nutrient management, increased net returns by 5% for canola, 30% for
wheat, and 25% for peas, but in canola, it raised fertilizer costs by 14%.

Fuel consumptioiil There is a significant reduction in fusbnsumption with reduced and-tith as
compared to conventional tillage (p&a&T: 18.8 L/ha; MT: 23.7 L/ha; CT 32.3 L/ha; flaxzT: 18.6
L/ha; MT: 23.7 L/ha; CT: 30.3 L/ha; wheat on falléwT: 23.5 L/ha; MT: 30.6 L/ha; CT: 47.1 L/ha;
wheat on stubbleZT: 19.9 L/ha; MT: 24.0 L/ha; CT: 30.2 L/ha).

Pesticide usé There are conflicting reports on the relative use and cost of herbicides across tillage
systems in western Canada. An Albekgriculture study showed no difference in herbicide cost between
no-till and conventional tillage systemdowever, the cropping practices survey in Saskatchewan showed
that herbicide cost for minimuinno-till was slightly higher than for conventional tillage.

Seed usé Studies in western Canada have shown that gsode not vary the seeding rate by tillage
practices.

Machinery usé No-till and minimumtillage require fewer trips across the field, allow two or more
activities to be combined into one, and permit the use of machines with greater capacity anchfower d
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Cost comparisons generally, the production costs for-tibare lower as compared to those for
conventional tillage. However, there is a considerable variability in the economicgilbiameong

various soil zones. In the dry Brown Soil of Atteeand Saskatchewan, conservation tillage (minimum
and netill) systems are less profitable, especially in continuous cereal and-talealrotations,

whereas, in the Dark Brown soils,-tith is equal to or marginally more profitable than in convemio
tillage. In the Black and Gray soils of western Canadailineend minimum tillage are superior to
conventional tillage. This cost advantage in the Black and Gray soils is due to higher grain yields and
better cost of production for Adl.

Theeconomic analysis of the cerdallow rotations in neill and conventional tillage systems in the

Brown and Dark Brown soils zones was carried out in the early 1990s when glyphosate prices were high
($25.00 /L) and application of N was broadcast orstiiesurface rather than side banded below the soll
surface. Since then there has been a significant drop in glyphosate price (< $8.00/L), more efficient
fertilizer placement, a substantial increase in fuel prices, and a majority of farmers in theseesodre

now practicing diversified cropping rotations. If the economic comparison were made now between no
till and conventional tillage, by taking current glyphosate, fuel and lack of fallow into the economic
benefit equation, the profit picture for4tid would be either equal or superior to conventional tillage.

Soil Conservationi On the prairies, the efarm cost of soil erosion in 1980 was estimated to be nearly
$430 million in Alberta, Saskatchewan $560 million, and nearly $44 million in Mani&todies on the
prairies have shown that soil losses were greatest from conventional tillage and leasttitom no
management systems. Since the early 1990s, ZT and MT along with other soil conservation practices
have resulted in a significant declinesioil losses, and, as a result, only a small proportion of agricultural
land is now susceptible to soil erosion (water erosion: < 14%; wind erosion 30%).

No-till reduces run-off i No-till increases runoff infiltration by slowing the flow of rainwater or

snowmelt from the field. In ndll fields, there is also more infiltration as compared to tilled fields;
consequently this results in fewer pollutants entering the streams and open water bodies. Reduced runoff
in notillage is also associated with decredd$looding and an increase in soil moisture. However, by not
tilling the sail, there is a concern that it may increase leaching of water, nutrients and pesticide to the
ground water. There are conflicting reports in the literature about the roletibfincenhancing leaching.

Some studies have found little or no difference in leaching of water and nutrients betviiesmido

tilled fields while others report greater leaching irtiisoils than in tilled soils

No-till reduces sediment los§ The mast common pollutants in environmentally impaired waterways are
sediment, nutrients, and bacteria.-fillbpractices reduce the amount of sediment by 80%.

No-till reduces phosphorus losg No-till practices typically reduce soil erosion and sedimémtadosses

and may result in less phosphorus lost in runoff. Information on the effects of tillage systems on
phosphorus loss is contradictory. Some studies have reported significantly lower dissolved phosphorus
losses under ntill as compared to convannal tillage, while other studies have demonstrated thditino
reduced the loss of particulate and total phosphorus in surface runoff; however, it does increase the loss of
soluble phosphorus to ground water.

No-till reduces nitrogen losses No till may reduce runoff resulting in less nitrogen loss. Several studies
have shown thatadtill reduces sedimentation up to 97 % (relative to conventional tillage), and this
results in a 75 to 90 % reduction in total nitrogen loss for soybeans planted follmwingnd 50 to 73 %
reduction in nitrogen loss for corn following soybeans-tiN crop production also increases the amount

of soil macropores and allows for greater water infiltration, increasing potential for nitrate leaching
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compared to conventionaystems. However, more recent studies have shown no difference in nitrogen
leaching between tillage types.

No-till reduces runoff of pesticidesi No-till farming practices leave a large amount of crop residue on
the soil surface rather than ploughingrider; these practices can reduce runoff of sediments, nutrients
and chemicals into streams by more than 90%.

In western Canada, some of the residual herbicidedX2MCPA, trifluralin) have often been detected in
surface and ground water. Transgem@ps such as glyphosate (Roundup Ready crops) and glufesinate
tolerant varieties (Liberty Link crops) have the potential to significantly reduce herbicide losses and
concentration in runoff. Planting herbicitderant varieties such as Roundup Ready camgsLiberty

Link crops, and replacing some of the residual herbicides with glyphosate or glufosinate herbicides, can
reduce herbicide losses and concentrations in runoff. Such herbicides are thought to be more
environmentally benign.

No-till impact on weeds, diseases and insect populatiorAdoption of netill has an impact on weeds,
diseases, and insect species diversity and numbers. Manylbabackeds decrease in-tith, however,
some grassy weeds and perennial weeds increase. Studies in Aldesaskatchewan have shown that
yearto-year variation in climatic conditions and crop rotations have a greater impact on weeds than
tillage systems.

There are conflicting reports in the literature on the incidence and severity of plant diseasésiimmi
and netill systems. Some of the earlier studies documented an increased incidence and severity of disease
levels in conservation tillage as compared to cultivation, while others showed a decrease or no effect.

Similar to weeds and plant diseasasgect pests respond differently to tillage practices. Populations of
some species increase under minimum antllinehile others decrease.

No-till sequesters atmospheric CQi In Canada, conservation tillage practices on the farmland offer a
large oppatunity to sequester carbon and consequently enhance the soil carbon sink. Over the years,
various models have been developed to estimate the national potentigl sédti®stration on the
cultivated land.
9 Agriculture and AgriFood, Canada Sink Table modalnational potential to sequester 18.3 Mt
CQO, per year on cultivated land by 2012.
1 McConkey (1999) the Prairie Provinces model: estimates 14,734,408 tonnes of carbon dioxide
per year could be sequestrated on the cultivated land byi 220B1.
1 Goddad (2001) has estimated the Alberta potential to sequester 5.9 MieC@ear on
cultivated land by 2011.

No-till enhances wildlife habitati Studies in Canada and the United States have shown tgit no
farming practices, especially fadlbeded wintecereals, have greater abundance and diversity of
songbirds, ducks, small mammals and soil arthropods.

No-till enhances the physical, chemical and biological properties of the soilsTillage practices affect
soil quality indicators in a complex way. Mitl, retains large qualities of residyessulting in an
increase in organic matter content, improved soil structure, buffered soil temperatures, and allows soil to
hold more water. All these changes regulate plant growth processes and crop yieldst theme
important effects of ntill on soil qualities are:
f Increased soil organic matté&.9 + 1.3 Mg hityr '*
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Increased available plant nutrients: increaseiimenalizable N. Ndill also increases N
immobilization. However, N NOsor "available" nitogen levels are not affected by-tih P

and K levels also increase undertiibo

No-till soils have higher microbial biomass and earthworm populations

Improved physical qualities: rilll soils resulted in greater aggregate stability and/or aggregate
size distribution, decreased soil compaction, improved soil tilth and structure, lesf aunal
increased water infiltration, and soil moisture contenttilgoils also have greater bulk

density in the surface horizon-{® cm)

No-till soils have modeate soil temperatures and significantly less heat stress as compared to
tilled soils throughout the growing season.
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Introduction

The adoption of conservation tillage technology since tl8®4%as been one of the most remarkable

changes in the production of crops on the Canadian Prairies. Between 1991 and-20G&rming

acreages in Alberta rose from 0.6 million acres to 9.0 million acres, an increase of 1,358 % (Stats Canada,
2006). No-till farming systems are popular in Alberta, Saskatchewan, Manitoba, and the Peace River
block of British Columbia because they improve the physical, chemical and biological properties of the
soil, and provide substantial savings on fuel, farm machilifergnd labor costs. The most important

benefits of netill farming are:

1

=a =
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Protection of soil against wind and water erogioro-till farming practices leave about 80

100% crop residues on the surface; this reduces erosion by protecting soil frampabeaf

raindrops and wind. With increased residues, water is more likely to infiltrate than to runoff,
further protecting the soil against erosion

Improvement in soil organic matterby leaving the crop residues on the surface, soil organic
matter on e surface is increased

Preservation of soil structurenc-tillage reduces structural breakdown and increases macropores
Improved aeratioii improvement in soil organic matter, soil structure, macropores and
earthworm populations, resulting in improvedad®n over time

Improved infiltration and percolatiagnimprovements in soil organic matter, soil structure and
retention of crop residues, slows runoff, and results in improvedt@nginfiltration and

percolation

Soil moisture conservatidntillage leaves the soil exposed to drying, whiletilage and

increased residues greatly reduce drying, resulting in better water use efficiency by the crop and
higher grain yields; this feature is especially important under drought condition

Moderates soil tempaturesi crop residue insulates the soil and slows the rate at which thermal
energy is exchanged between the soil and the atmosphere, and it results in higher soil moisture
and slightly cooler soil temperatures in the early growing season. Cooler qoérggares may
persist till midseason or throughout the whole season, resulting in reduced root heat stress and
higher grain yields in cereals

Reduction in nospoint source pollutioii retention of residues in riillage systems slows down
runoff; this resilts in reduced sedimentation of rivers, reservoirs, lakes, wetland and micro
catchments. Reduced sedimentation also has the potential to reduce the loading of
fertilizer/manure (nitrates and phosphorus) and pesticides in environment.

Enhancement ofadl bio-diversityi no tillage systems encourage the multiplication of

earthworms and other soil fauna

Improvement of habitats for wildlife residues in zero tillage provide improved conditions for
ground nesting birds. Increased surface cover and reédiate disturbance provide direct

benefits by increasing the amount of land area, which can be used as nesting habitat for some
species

Fuel conservatioh no-tillage farming operations use up to 80% less fuel as compared to
conventional tillage. This siang becomes even more important with the current high fuel prices
Time conservatioil no-tillage seeding generally requires 1 trip over fields compared with 5

trips with conventional tillage; this represents a huge saving in time, farm maelieemnyd

labor costs

Time flexibility i no tillage allows later decisions to be made about growing crops in a field; for
instance grain prices may vary and farmers may then make more economically sound decisions
Reduces germination of some weedthe absence @oil disturbance under rdlage reduces

the germination of certain problem weeds.
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9 Suppresses certain plant disedsstudies in Western Canada have shown that zero tillage
suppresses root rot and net blotch of barley,-tdkef wheat, and seedlingight of canola

1 Reduces greenhouse gas emissioneg-tillage farming also plays a major role in sequestering
atmospheric carbon dioxide; this is an important factor in the mitigation of greenhouse gases
emissions.

Il. Rationale of the Study

In recent yearsn the Canadian Prairies considerable research has been done on the characterization of
no-tillage advantages. Despite the fact that the findings sometimes seem to be contradictory, it is
important to synthesize the research results and present the argamekthe supporting data as

objectively as possible to allow growers to develop appropriate techniques for their situations.

Why are there sometimesntradictory research findings?

1 Academic studies, both in the field and in greenhouse studies thagda@ narrow focus, be
small scale, and look at individual issues rather than integrate the research findings with other
data

1 Similarly, longer term research is needed so trends can be discerned rather that having findings
that are field specific, depenateon growing conditions in one or two years and in small
geographical areas

1 There are regional differences that affectiicystems; as a result, it is clear that different soil
zones require different approaches.

What are the benefits of quantifyitige netill system?

1 Growers and the general public can better appreciate whil coes for the environment when
they see quantitative proof of the difference it can make, and be more open to futitier no
developments
1 Notillage stakeholders (boardgovernments, NGOs) benefit from the positive PR and react
favorably to positive environmental news
1 Growers become aware that there are multiple environmental, and agronomic benefiii tf no
soci ety; ités not just private economic benefi
1 Proofofahgr eenod advantage can make any business mo
current environmentally aware market.

What will happen if ndill is not promoted?

9 Other conservation initiatives will develop to show what their value igilNoay loseground
compared to other conservation practices or environmental issues that can show what they are
worth

91 Not till risks being singled out in a negative sense and losing public support if it is unable to prove
it benefits

1 Growers and the public will not uatstand the value of Adl practices, and current use may
actually decrease

91 Further longterm, larger scale research initiatives that could better quantify the benefitsilbf no
and develop improved rAdl systems will not be supported.

r"_:\‘l
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lll. Goals of theStudy

In recent years on the Canadian prairie, considerable research has been done on the characterization of
no-tillage advantages. Therefore it is the primary objective of this report is to summarize all the
economic, agronomic and environmental besedf notill in western Canada with especial emphasis on
Alberta. A secondary objective is to identify gaps in our current knowledge abtilitimé\lberta and

apply information from elsewhere in North America to fill these gaps.

IV. Terms and Definitions
The following terms, defined below, are used in this report:

No-till (Zero tillage -ZT) & involves the planting of a crop into the untilled stubble of a previous crop

with almost no soil disturbance. Seeding is accomplished in-pagsgoperation thataies seed and

fertilizer in a relatively undisturbed seedbed; it packs the furrow while retaining surface residue to prevent
soil erosion. In general, less than 10 % of the soil surface is disturbed for seed and fertilizer placement.
Some of the advantagesthis system are reduced soil erosion, soil moisture conservation and water use
efficiency, savings in fuel, reduced wear and tear on machinery, and, under some situations, reduced weed
pressure as weed seeds are on the soil surface where they aly tmljjerminate and are subject to

predation by insects, rodents and birds. Fertilizer, seed placement and weed control practice in this system
involves:

No-till practices on the Canadian Prairies

Crop harvest and residue management in AuigSstptembe
Preharvest or posharvest glyphosate application
A Systemic annual or biannual application of glyphosate (if perennial weeds |
as quackgrass, and Canada thistle are present)
A Preseeding or premergence weed budown with glyphosate (0.5 L/acre)
1 Seedplacement and fertilizer banding (late ApriMay) with little or no soil disturbance
91 In-crop herbicides for grasses and bréeal/es weeds

= =

Modified from Li et al (2005)Agriculture and AgrFood Canada

Direct Seed Systend involves the plantingf crops where no tillage occurs prior to seeding. In

contrast, to ndill, direct seeding allows some disturbance to soil and crop residues to deal with special
situations, such as some tillage with the seeding operation for immediate weed problemadnaoro

deal with excessive crop residues or a fall fertilizer injection. Any fall soil disturbance must leave the soil
surface level, minimize stubble knedikbwn and keep most of the crop residue on the surface in order to
conserve soil moisture and imarse snow trapping. Depending on the amount of soil disturbance and type
of opener used, direct seed systems can be further divided into:

9 High Soil Disturbance Seeding (HD&)seeding is done with high disturbance equipment such
as shovels, sweeps, dissend harrow packing. High soil disturbance planters disturb more than
40% of the soil surface. Openers wide enough to overlap disturb the entire soil surface. Sweep
openers produced high disturbance. They give varying degrees of weed control and sometime
preseeding weed burndown treatment may not be necessary. HDS generally creates a good
environment for weed and volunteer seeds from previous crop to germinate. High disturbance
openers may require additional seedbed finishing to cover the seed andaeeimgeed control

1 Low Soil Disturbance Seeding (LD&)planting is done with low disturbance equipment, such as
no-till drills or air drills with narrow openerd.DSdisturbs less than 40% of the soil surface and

r"_:\‘l
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retains nearly the entire crop residuetbe soil surface. Some soil from the opener action may be
deposited between furrows. Soil firmness, moisture conditions and planter speed may affect the
amount of soil disturbancd.DSare very much likeeraotill systems except that some tillage

optiors remains available in direct seeding

Minimum -Tillage or Reduced Tillaged involves at least one tillage operation either in the fall or
spring prior to seeding. In this system, at least 38% crop residue is left on the soil surface after
planting. This system generally maintains 56Q,100 kg ha (500 Ibsi 1000 Ibs ad) residue on soil
surface during the critical erosion period. Typically, tillage, fertilizer and seed placement and weed
control consist of:

Minimum -tillage or reduced tillage practice on the Canadian Prairies

Crop harvest and residue management in Auig&stptember
Preharvest or posharvest glyphosate application (if perennial weeds are present)
Fall fertilizer banding (anhydrous ammonia/urea), with medium depth tillagie 150
cm)
1 Preseeding weed burndown with glyphosate and/or shallow spring tillag8,cm deep
with sweeps and mounted harrows (April to May)
A Possibly second tillage at right angle to the first, if there is too much
residue

A The first or second tillage calibe the seeding operation

9 In-crop herbicides for grasses and brézaf weed control

=A =4 =4

Modified from Li et al (2005)Agriculture and AgriFood Canada

Conservation Tillaged an umbrella term encompassing several tillage systems including direct seed
(HDS, LDS, minimum/reduced tillage, and +itl or zero tillage systems. This system retains at least
30% of the crop residue on the surface.

Conventional Tillage systems use multipillage passes for weed control, fertilizer application, seedbed
preparéion and seeding. This system buries most of the crop residue. With this dystemaltboard

plow or heavyduty cultivator is often used first, followed by other implements. Since this method plows
under much of the crop stubble, it leaves the surfaasively bare and prone to erosion. The main
disadvantages of this system are

71 Increasing the rate of organic matter decomposition

1 Drying out the soil

1 Reducing the size and stability of soil aggregates, which increases the risk of compaction,
crusting ancerosion.

Summer-fallow 1 involves keeping normally cultivated land free of vegetation throughout one growing
season by cultivating and/or applying chemicals to destroy weeds, insects dratrsoitiseases; it

allows a buildup of soil moisture resenfes the next crop year. Summtallow includes chemical

fallow, tillage, and/or a combination of chemical and tillage weed control on the same land. It is a part of
crop rotation systems in the Brown and Dark Brown soil zones of western Canada.

Chemfallow (Chemical-fallow) 1 is a type of summerfallow; it is the practice of leaving cultivated land
free of vegetation for one growing season and using only herbicides such as glyphosate to control weeds.

r"_:\‘l
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Conservation Agriculture (CA) 1 Conservation agriculturie the integration of ecological management
with modern, scientific, agricultural production. Theod and Agricultural Organization of United

Nations define$iCA is a concept for resouregving agricultural crop production that strives to achieve
accepable profits together with high and sustained production levels while concurrently conserving the
environmed ( FAO 200 7) . CAidteachmeeisustaimablerandpfofitable agriculture and to
improve upon soil building processes that effect lsedlth via soil qualities.

Conservation agriculture is based on implementing the following integrated practicearfBki et al
2006)

1 Maintaining permanent soil cover and promoting minimal mechanical disturbance of soil through
zero tillage systems, ensure sufficient living and/or residual biomass to enhance soil and water
conservation and control soil erosion

1 Promoting diverse crop rotations with reduced fallow and cover enupshe use of integrated
pest management technologies

1 Promoting appliation of fertilizers, pesticides, herbicides, and fungicides in balance with crop
requirements

9 Promoting precision placement of inputs to reduce costs, optimize efficiency of operations, and
prevent environmental damage

1 Promoting legume fallows (inclirtg herbaceous and tree fallows where suitable), composting
and the use of manures and other organic soil amendments.

V. Adoption of No-till on the Canadian Prairies

According to the 2006 Census of Agriculture, there are 105,007 farms on the westermiCpraides.
41,624 are located in Alberta, 44,329 are in Saskatchewan, and 19,054 are in Manitoba

The adoption of ndill technology since the 1990s has been one of the most remarkable changes that have
revolutionized the crop production system in Canabpecially on the Canadian Prairies. Nationally, in

1991, only 6.7% of producers usedtiibto prepared land for seeding. Between 1991 and 1996, the use

of no-till more than doubled with about 16.0% of producers usinglifor seedbed preparatioBy

2001, the use of ndll jumped by 14 percentage points; approximately 30% of the farmers were

practicing netill in Canada. By 2006, the use of-tith technology increased by another 18 percentage

points to 47% (Table 1 and Figure 1).
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Table 1 Tillage practices used to prepare land for seeding: 12006

rilage practice 1991 | 1996 | 2001 2006
(Acres)
Canada
Total planted acres 71,731,650 70,901,537 73,472,899 71,781,032
Conventional tillage 49,387,997 37,891,867 29,750,778 20,114,443
Reducedillage” 17,522,247 21,663,137 21,918,819 18,354,767
No-till ™ 4,821,406 11,346,533 21,803,302 33,311,822
% zero till planted acreg 6.7 16.0 29.7 46.4
Alberta
Total planted acres 19,685,588 18,761,116 18,465,784 18,726,144
Conventional tillage 14291,324 10,657,824 6,847,096 4,589,714
Reduced tillage 4,779,955 6,166,922 6,550,489 5,185,594
No-till ™ 614,109 1,936,370 5,068,199 8,950,836
% zero till planted acres 3.1 10.3 27.4 47.8
Saskatchewan
Total planted acres 32,210,142 33,202,335 34,877,771 32,984,104
Conventional tillage 20,592,996 15,036,366 11,300,237 6,036,996
Reduced tillage 8,274,250 10,915,424 10,036,457 7,107,149
No-till ™ 3,342,896 7,250,545 13,491,077 19,839,959
% zero till planted acres 10.4 21.8 38.7 60.1
Manitoba
Total planted acres 10,425,498 9,781,661 9,693,885 9,613,927
Conventional tillage 6,912,686 6,196,544 5,280,248 4,174,437
Reduced tillage 2,988,719 2,691,876 3,163,890 3,388,755
No-till ™ 524,093 893,241 1,249,717 2,050,735
% zero till planted acse 5.0 9.1 12.9 21.3

Incorporating most of the crop residue into the soiRetaining most of the crop residue on the surfac&yo-till or zeroill seeding

Source Statistics Canada, 2007

Figure 1. Adoption of Zero Tillage on the Canadian Prairie:1991 - 2006
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More growers in Alberta and Saskatchewan have addpeedlsie of zertillage technology as compared

to growers in Manitoba. In Alberta, the number of farms usingliage seeding practices increased
substantially while the number using reduced and conventional tillage practices decreased. Between 2001
and D06,the number of farms using il and reduced tillage preeeding practices increased (61.8%)

while the number using conventional tillage practices decreased (33.0%). In 2@illéyas used on 9.0

million acres, representing 48% of the seeded auvkde reduced tillage was used on 5.1 million acres
(28.0%) of the seeded acres, conventional tillage was used on 4.6 million acres (24.5%) of the land
prepared for seeding (Figure 2).

Figure 2. Conservation Tillage Practices in Alberta 1991-2006
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VI. Adoption Rate of No-Till in Alberta

No-tillage, no-till and direct seeding are terms that are often used interchangeably on the Canadian
Prairies. However, Statistics Canada Census of Agriculture has a definition it has usetillBigensince

1991 i.eplanting of a crop into the untilled stubbleafprevious crop with almost no soil disturbance

As a result, there ia good picture of adoption in Canada since then. In 1991, there were just over 614,000
acres of ndill, and by 2006, ndill had increased to 8.95 million acres.

A regression analysisn the adoption curve has revealed that adoption-tiflrie Alberta experienced a
pronounced upward trend till 1996 (Philips 2008, personal communication). Since that time, the rate of
adoption has declined slightly, but the actual number of acresemdeach year remained constant,
approximately 626,000 acres per year (Figure 3).
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A regression analysis on the adoption curve fetilhcs a nearly perfect fit (Phillips 2008). Using this
curve for future projection, Alberta will have approximately8Lthillion acres of ndill in 2009 or about
58% of the annually seeded acres, and adoption will continue to increase at a sin(ifaguages).

Figure 3. Conservation Tillage Practices in Alberta 1991-2011
Projected from Statistics Canada Data
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Fig 4. Rate of Adoption of No-till per Year
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In Saskatchewan, between 2001 and 2006, the numbers of farms using no tillage practices increased
substatially while the number using reduced and conventional tillage practices decreased. No tillage
technology was used d®.8 million acres (60%), reduced tillage was utilized on 7.1 million acres (22%)
of the seeded acres, and conventional tillageusagon 6.0 million acres (18%) of the land prepared for
seeding.

Manitoba also experienced a significant growth istitdechnology. Between 2001 and 2006;til was

used on 2.0 million acres (21.3%), reduced tillage was employed on 3.4 million acdés)(3hd
conventional tillage was used on 4.1 million acres (43.4%) of the land prepared for seeding.
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VII.  Factors Influencing the Adoption of NoTill on the Canadian Prairies

There are several factors that increase the likelihood of Prairie fram@tingduotill technology.
According to the 2006 Census of Agricultural data, farmer age andasoaimmic factors play an
important role in determining whether zdiltage will be adopted. Davey et al (2008) using 1991, 1996
and 2002 Census of Agricutial data together with other data souressmated a probit model on the
adoption decision. They found the most important variable inclsigiseconomic factors, farm size,
total gross farm sales, agepximity to a research station, type of soil, arehther conditions.

VIIl. Others Trends in Conservation Tillage Practices on the Canadian Prairies

1. Reduction in Tillage Intensive Fallow

Summerfallow is largely a western Canadian farming practice. It has beethi@eghouthe history of
Prairie agricultve as a means of conserving soil moisture and weed control. Many farms, particularly in
the driest part of the Brown and Dark Brown soil zones, traditionally followed a 50/50 rotation, which
meant 5Qercent of annual cropland was summerfallow each year.

Conventional summerfallow involves several light tillage treatments throughout the growing season to
control weeds and conserve subsurface moisture. With the introduction of glyphosate, more producers
have switched to a technique of chemical fallow (Ch#ov, which means crop residue and stubble are
usually left undisturbed on the soil surface during the fallow year, and weed control is accomplished by
the use of notselective broagpectrum herbicides such as glyphosate or paraquat.

Western Canada

According to the 2006 Census of Agriculture data, there are 6 million acres of summerfallow on the
Canadian Prairies. Between 2001 and 2006, fallow acres declined by about 22%, and Chemfallow acres
increased by 37.7% (Table 2)
1 Chemical control was used oré2nillion acres (37.7% of total summerfallow)
1 A combination of chemical fallow and tillage was used on 1.9 million acres (30.9% of total
summerfallow)
1 Intensive tillage was used on 1.8 million acres (31.4% of the total summerfallow).

Table 2 Summerfallow practices on the Canadian Prairies: Alberta, Saskatchewan, and Manitoba

Summerfallow practices 2006 | 2001 Absolute change % change
Acres Acres
Total summerfallow land 6,001,296 7,738,453 - 1,737,157 -22.4
Tillage only 1,884,615 3,747,327 -1,862,7P2 -49.7
Chemicals and tillage 1,855,339 2,747,865 - 892,526 -32.5
Chemfallow only 2,261,342 1,243,261 1,018,063 54.9
% Chemfallow acres 37.7 16.1
Farms Reporting

Total summerfallow land 18,779 28,114 - 9,335 -33.2
Tillage only 8,026 15,791 - 7765 -49.2
Chemicals and tillage 6,433 11,369 - 4936 -43.4
Chemfallow only 5,562 4,994 568 11.4
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Alberta

Relative to 2001, the number of acres where chemical fallow was used for weed control has increased and
the use of tillage or combination of chieal fallow and tillage for control has decreased (Table 3).

1 Chemical control was used on 1.1 million acres (44.8% of total summerfallow)

1 Tillage only was used on 0.6 million acres (27.3%)

9 A combination of chemical fallow and tillage was used on 0.62anibicres (27.8%)

Table 3. Summerfallow practices in Alberta: Census years 2001 to 2006

Summerfallow practices 2006 | 2001 Absolute change % change
Acres Acres
Total summerfallow land 2,239,633 3,053,214 - 813,581 - 26.6
Tillage only 611,550 1,186,260 -574,710 -48.4
Chemicals and tillage 623,710 1,145,908 - 522,198 -45.6
Chemfallow only 1,004,373 721,046 283,327 39.3
% Chemfallow 44.8 23.6
Farms Reporting

Total summerfallow land 8,390 13,268 - 4,878 - 36.8
Tillage only 4,020 6,677 - 2,657 - 39.8
Chemicals and tillage 2,759 5,252 - 2,493 -47.5
Chemfallow only 2,068 2,625 - 557 -21.2

Saskatchewan

Relative to 2001, the number of acres where chemical fallow was used for weed control has increased
while tillage only and a combination ofitige and chemical practices have declined (Table 4).

1 Chemical control was used on 2.3 million acres (38% of total summerfallow)

9 Tillage only was used on 1.9 million acres (31%)

1 A combination of chemical fallow and tillage was used on 1.9 million acré$)(31

Table 4. Summerfallow practices in Saskatchewan: Census years 2001 to 2006

2006 2001 Absolute
Summerfallow practices change % change
Acres Acres
Total summerfallow land 6,001,296 7,738,453 | - 1,737,157 -22.4
Tillage only 1,884,615 3,747,327 | -1,8&,712 -49.7
Chemicals and tillage 1,855,339 2,747,865 | - 892,526 -32.5
Chemfallow only 2,261,342 1,243,261 | 1,018,063 54.9
% Chemfallow acres 37.7 16.1
Farms Reporting
Total summerfallow land 18,779 28,114 -9,335 -33.2
Tillage only 8,026 15,791 - 7765 -49.2
Chemicals and tillage 6,433 11,369 - 4936 -43.4
Chemfallow only 5,562 4,994 568 11.4
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Manitoba

Relative to 2001, the number of acres where chemical fallow tillage only or the combination of tillage and

chemical practices was used feeed control has decreased (Table 5)
1 Chemical control was used on 41,308 K acres (13.2% of total summerfallow).

1 Tillage only was used on 144,929 K acres (46.3%)

1 A combination of chemical and tillage was used on 126,558 K acres (40.5%)

Table 5. Summerfdbw practices in Manitoba: Census years 2001 to 2006

Summerfallow practices 2006 | 2001 absolute change % change
Acres Acres
Chemfallow only 41,308 76,454 - 35,146 -46.0
Tillage only 144,929 318,196 - 173,267 -54.5
Chemicals and tillage 126,558 237280 - 110,722 -46.7
Total summerfallow land 312,795 631,930 - 319,135 - 50.5
Farms Reporting
Chemfallow only 2,792 5,902 - 3,110 -52.7
Tillage only 300 850 - 550 - 64.7
Chemicals and tillage 1,001 2,133 -1,132 -53.1
Total summerfallow land 4,092 8,885 - 4,793 -53.9

2. Additional Soil Conservation Practices

On the western Prairies, the absolute number of farms practicing crop rotation declined, however, the
percentage of the total farms using crop rotations increased. Relative to 2001, bleesnofnfarms using
winter cover crops, plowing down of green manure crops, and the use of windbreaks and shelterbelts as
conservation practice have also increased (Table 6).
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Table 6. Soil conservation practices on the Canadian Psaigi@01i 2004

Soil i " Number of farms reporting

oil conservation practices 2008 | 2001 | % Change
Alberta
Farms practicing crop rotation 29,332 31,206 -6.0
Plowing-down of green crops (green manure) 1,943 1,243 56.3
Winter cover crops 2803 1,557 80.0
Wind-breaks or sheltebelts 24,810 9,784 153.5
Rotational grazing 21,609 N/A
Buffer zones around water bodies 9,147 N/A
Saskatchewan
Farms practicing crop rotation 34,827 39,229 -11.2
Winter cover crops 1,769 1,181 49.8
Plowing-down of green crops (gea manure) 1,886 1,197 57.6
Wind-breaks or sheltdpelts 18,104 7,282 148.6
Rotational grazing 11,240 N/A
Buffer zones around water bodies 2,593 N/A
Manitoba
Farms practicing crop rotation 12,043 13,344 -9.75
Winter cover crops 1,943 1,243 56.3
Plowing-down of green crops (green manure) 2,803 1,557 80.0
Wind-breaks or sheltebelts 9,451 4,072 132.1
Rotational grazing 6,041 N/A
Buffer zones around water bodies 2,591 N/A

IX. Concluding Remarks

No-till (planting of a crop into the untilled dtble of a previous crop with little no soil disturbaniea
conservation practice and it is economical (saving on fuel, farm macHifgeaynd reduced labor costs),
while maintaining or improving crop Yyields) and is well known to be environmentaltydfsi€increased
soil-organic matter, improved soil tilth, improved moisture conservation and use efficiency, and reduced
soil erosion). Ndill seeding also has the potential to sequester atmospheric carbon diexideportant
factor in the mitigation fogreen house gas emissions.

The adoption of ndill in western Canada experienced a pronounced upward trend until 1996. Since that
time, the percentage of planted acres using-tisge practices has exhibited a slight upward trend,
growing at annualate of 626,000 acres and this growth will continue until 2011.

Between 1991 and 2006, -tid seeded acres on the Prairies rose from 4.4 million acres to 30.8 million
acres, an increase of 700% or 46.6% growth per annum. Similar ttllzage, the tend in other soil
conservation practices have also increased substantially. In 2006, number of farms practicing other soil
conservation practices was as follows:

1 Reduction in summerfallow (26.4%)

1 Increase in chemfallow (38%)

1 Farms practicing crop rotaha39%)

1 Farms using plowinglown of green crops (green manure) (4%)

1 Farms using winter cover crops (5%)
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1 Farms with winebreaks or sheltebelts (19%)
1 Farms practicing rotational grazing (27%)
9 Farms using grasses waterway or buffene around water bodi€g%).
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In recent years, ntll has gained popularity among Canadian growers because this practice effectively
reduces wind and water erosion, reduces fuel, labor, machinery wear and tear, and saveditimisoNo
improves soil fth, increases organic matter, traps soil moisture, improves water availability, enhances
water and air quality, and increases wildlife. At the present timé|l m® practiced on more than 56% of

the planted acres in western Canada. In order for thidipe to be widely adopted on the remaining

planted acres in western Canada, it is important to emphasize both the economic and environmental
benefits and costs to farmers of using conservation tillage. Over the last ten years, considerable research
has leen carried out in western Canada comparing the economic and environmental performance of
conventional, minimum and Adl systems. Following is a brief review of this research.

|. Background Information

Studies carried out in the late 1980s and eB®B0s in western Canada have shown that reduced tillage
systems were less economical than conventional tillage systems (Zentner and Lindwall 1978; 1982; Malhi
et al 1988; Smith et al 1996; Zentner et al 1996, and Miller et al 1997). There were sesersd fer

this less economical performance in conservation tillage in the past:

1 Monoculture cereal and cerdallow rotations in the Brown and Dark Brown soil zones

 Expensive glyphosadethe price of glyphosate in the mid to late 1980s was over $25.00His
made chemical weed control very expensive compared to tillage.

1 Lack of glyphosate rate refinement and lack of familiarity with low water volume technology for

weed control

Broadcast application of N on the soil surface rather than side bandiingthe soil surface.

Relatively inexpensive diesel fuel priéethe price of farm fuel in the mid 1985 was near 25

cents per L; inexpensive diesel favors tillage for weed control.

=a =

For example, in Alberta, the barley yield grown under ziflame achieed 791 93% of the yields under
conventional tillage. The mean reduction in crop value (NPV) was also $34.47 lower for conservation
tillage as compared to conventional tillage. In this study, nitrogen fertilizer was surface applied, and the
cost of Roundupvas $25.00/L (Table 1). Surface application of N reduces the availability of N and
increases the potential of N loss due to ammonia volatilization; this problem may contribute to yield
difference found between +idl and conventional tillage.

Table 1 Difference in costs and value of sales on net present value (NPV) from barley productiotilfarensus
conventional tillage systems at four locations in central Alberta (Average 5iyBaperiment 1)

Location Difference in numbers | Net savings of Extra cost of herbicide on rtil” Reduction in crop value
of operations field operations Roundup Other Total Yield Value of | NPV
Cultivation | Spraying | for zerotill Rate Cost herbicides | ($ ha') (tha') | sales loss
(Lha") | ($hal) ($ hal) ($ha)? | ($ha')°
Lacombe -3.2 1.8 19.51 0.70 -7.67 -3.40 -11.07 -0.29 -23.57 -15.53
Joffre -2.6 2.0 9.25 144 -16.32 -4.83 -21.15 -0.418 | -33.97 -45.87
Crestomere | -3.4 1.8 18.20 1.72 -18.85 -6.58 -25.43 -0203 | -16.50 -23.3
Blackfelds -3.6 2.2 20.70 144 -15.77 -4.20 -19.97 -0.662 | -53.80 -50.07
Mean -3.2 2.0 16.91 1.34 -14.67 -4.75 -19.42 -0.393 | -31.96 -34.47

P Cost and price data: harrowing = $4.24"heultivation = $10.43 hj spraying = $ 3.41 ha no+ill seeding = $ 27.51 Haconventional tillage

seeding = 16.09 Rabarley price = $ 81.26't Roundup (356 g/L) = $10.95. Sowing of barley was done by zero till drill eilqots and

conventional tillage drill on conventional tillage plots.

©NPV loss is sum of savings from field operations, extra herbicide cost and reduction in crop valuglifor no

YNumber of field operations with rill minus the number of field operations for conventional tillage

Source:Malhi et al (1993)
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Studies carriedu in the mid 1990s and early 2000s included diversified and extended crop rotations,
inexpensive glyphosate, customized herbicide rates using the low water volume spray technology, and
side banding of nitrogen fertilizer below the soil surface. The na&tn®in these studies are generally
higher for netill systems compared to conventional tillage systems (Zentner et al 1992; Lafond et al
1993; Malhi et al 1993; Nagy and Johnson 1997; Sonntag et al 1997 and Zentner et al 1999). For
example, in a longerm study in central Alberta, barley yields and the net returns unekd were equal

to or greater to those obtained under conventional tillage at nitrogen rates of 67 and 10](kghie 2)
(Malhi et al 1992)]. In this study, the price of Roundugsvt0.95 per L, and nitrogen fertilizer was side
banded into the soil at the time of sowing into z&it@lots (Malhi et al 1993). Band placement of
fertilizer reduced losses of fertilizer nitrogen and possibly enhances nitrogen use efficiency marce with
till than conventional tillage (Brandt 1992).

Table 2 Grain yields and net present value of grain above fertilizer cost under various tillage and straw disposal
treatments at four levels of Urea N side banded at the time of sowing at 2 locatiamsahAlberta
(Average of 5 yeark 2 experiments).

Treatment Grain yields (% at N rates (kg N NPV ($*1) at N rates (kg N

Straw Tillage | O 34 67 110 0 34 67 110

Rimbey Removed | ZT 1.491 2.071 2.912 3.294 121 151 204 219
Retained | CT 1.600 2.281 2.961 3.015 130 169 208 196

Removed | ZT 1.350 2.086 3.016 3.424 110 153 212 229

Retained | CT 1.613 2.264 3.006 3.180 131 168 212 209

Innisfail Removed | ZT 2.727 3.170 3.575 3.832 221 241 258 262
Retained | CT 3.123 3.318 3.683 3.790 254 253 267 259

Removed | ZT 2.505 2.940 3.664 3.878 204 223 265 266

Retained | CT 2.656 3.196 3.627 3.917 216 243 262 269

Fertilizer price at 6 times the barley price (historical mean); discounted barley price $86f2ftain
ZT and CT refers too-till and conventional tillage, respectively.
Source Malhi et al (1993)

[l. Economic Evaluation of No-till

No-till systems have many short, and letegm agronomic and environmental benefits, however, the
longterm sustainability of ndaill cropping system depends upon its profitability (i.e., grain yield must be
eqgual to or greater than that of conventional tillage), agronomic feasibility and economic viability
(Campbell et al 1995). Farmers who adopt conservation tillage practices do so withehbat it will
maximize net farm income and/or reduce risk taking. Factors that contribute to the net farm income
include yield, cost of input used in crop production (labor, fuel, fertilizer, pesticide, seed and machinery),
and expected output (commadg) prices (Uri 1999).

A. Grain Yield 7T Small Scale Research Plots

Grain and straw yield are determined by-sipecific factors such as soil characteristics, local climatic
conditions, cropping patterns, and overall farm management practices. Olargtihaul, netill affects

soil structure, organic matter content, and soil microbial populations, moisture availability, affecting grain
and straw yield. Yield benefits associated with conservation tillage practice takes a relatively long time to
materidize. In the present paper, an attempt was made to summarize all the available yield response
studies to different tillage systems under a wide variety of soil and climatic conditions in western Canada.

X
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1. Wheat and Barley

Grain yields of spring and wiet wheat are presented in Table 3. Based on 23 studies, wheat grain yield
was on average 3.5 % higher withtilbcompared with all other tillage systems. In 7 studiestilhbad
a significantly higher (9 26%) yield compared to conventional tillage.13 studies, there were no
significant differences in yield between zero and conventional tillage. In contrast, in 3 studies,
conventional tillage had a significantly higher yield compared witkilho

Table 3. Spring wheat and winter wheat grain gligh western Canada by tillage system and soil types

Location Soil Zone Year Tillage System No-till yield Reference
Conventional | Minimum [ Notill advantage
--------------- Yield (kg ha) ------------—-- (%)
Wheat, spring
Melfort, SK Black 1994797 | 4487 4482 4469™° -0.4 Nagy and Johnson 2000
Melfort, SK Black 19861 89 2058 o) 2300° +11.8 Wright 1990
Melfort, SK Black 19861 89 2038 o) 2231 +9.4 Wright 1990
Carman, MB Black 1989 2051 d 1816"° -11.5 Borstlap and Entz 1994
Portage, MB Black 1990 4223 ] 4055"° -3.9 Borstlap and Entz 1994
Carman, MB Black 1989 2051 ] 1809 -11.8 Borstlap and Entz 1994
Portage. MB Black 1990 3544 ] 3887 +9.6 Borstlap and Entz 1994
Univ-Manitoba, MB | Black 19697 89 2448 0 2575 +5.2 Lafond et al. 1990
Three Hills, AB Thin Black | 2001703 1647 o) 2078 + 26.2 Wang et al. 2004
Indian Head, SK Thin Black | 19877 90 2549 2636 2549N° 0 Lafond et al. 1992
Indian Head, SK Thin Black | 1987 90 1560 1896 1883 +20.1 Lafond et al. 1992
Indian Head, SK Thin Black | 198798 2431 2497 243485 +0.12 Zentner et al 1999
Coronation, AB Dark Brown | 19861 90 1714 1836 2112 +23.2 Jans et al. 1991
Coronation, AB Dark Brown | 19871 90 2374 o) 2401N° +1.1 Jans et al. 1991
Scott, SK Dark Brown | 19791 90 1883 o) 2098 +11.4 Grevers et al. 1992
Swift Current, SK Brown 199397 2234 0 2326N° +4.1 Miller and Zentner 2000
Swift Current, SK Brown 199296 2303 0 2337 +1.5 Miller and Zentner 2000
Ft.Vermilion, AB Gray 19851 87 2683 2622 2542 - 52 Clayton, 1999
Star City, SK. Gray 2004 2896 8] 2694 -7.0 Melhi et al 2006
Tisdale, SK Gray 199497 3439 3171 2956 -14.0 Nagy and Johnson 2000
Mean: + 3.5%
Wheat, winter
Indian Head, SK Thin Black | 1992 2037 2152 2084"° +25 Lafond et al 192
Indian Head, SK Thin Black | 198798 2613 2548 2532 -3.1 Zentner et al 1999
Melfort, SK Black 2037 ] 2287 +12.3 Wright 1990

Mean: + 4.1%

" Denotes significant at 0.05 level of significance, NS =-aigmificant,0 = system not included in tlexxperiment.

Grain yield of barley from 15 studies is presented in Table 4. Barley grain yield on average was 6.2 %
higher with netill compared with all other tillage systems. In 6 studiestilhbad a significantly higher

(27 51%) yield compared tconventional tillage. In 8 studies, there were no significant differences in
yield between zero and conventional tillage.
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Table 4 Barleygrain yield in western Canada by tillage system and soil type

Location Soil Zone Year Tillage System No-till yield | Reference

Conventional [ Minimum [ Noxill advantage

--------------- Yield (kg ha) -—-----—--—- (%)
Hairy Hill, AB Black 1989i 92 | 3389 3395 3507"° +3.5 McAndrew et al 1994
Melfort, SK Black 19867 89 | 3292 d 3465 +51 Wright 1990
Melfort, SK Black 19861 89 | 3212 3 3621 +12.7 Wright 1990
Melfort, SK Black 19947 97 | 3249 3379 3193% |- 17 Nagy and Johnson 2000
Univ-Manitoba, MB | Black 1969i 89 | 3911 ] 4013%° +2.6 Lafond et al. 1990
Wainwright, AB Thin Black | 19891 92 | 4035 3927 4250 +5.3 McAndrew et al 1994
Indian Head, SK Thin Black | 19851 87 2260 2330 2389 +57 Lafond et al. 1992
Indian Head, SK Thin Black | 1987 98 2954 2846 2841 - 3.8 Zentner et al 1999
Alliance, AB Dark Brown | 19891 92 3663 3868 4245 + 159 McAndrew et al 1994
Ft. Vermilion, AB. Gray 1985i 87 | 2577 2613 2450 |- 4.9 Clayton, 1999
Rycroft, AB Gray 1989i 90 1350 1560 1399"° +3.6 Arshad et al 1995
Elk Point, AB Gray 19897 92 | 2566 2609 2550 |- 0.6 McAndrew et al 1994
Plamondon, AB Gray 19891 92 | 3362 3045 3427 +1.9 McAndrew et al 1994
Star City, SK Gray 200205 670 3 10147 +51.4 Melhi et al 2006
Tisdale, SK Gray 199497 2954 2846 2841 - 3.8 Nagy and Johnson 2000

Mean: + 6.2%

" Denotes significant at 0.05 level of sificance, NS = nowsignificant,d = system not included in the experiment

2. Canola and Flax

Table 5.Canola and flax grain yield in western Canada by tillage system and soil types

Location Soil Zone Year Tillage System Zerotill yield | Reference
Conventional [ Minimum [ Zero advantage
--------------- Yield (kg ha") —--———— (%)
Canola
Carman, MB Black 1989 1995 3 1832 [ - 8.2 Borstlap and Entz 1994
Carman, MB Black 1990 2269 3 2180 [ -39 Borstlap and Entz 1994
Portage, MB Black 1989 2001 3 1928" |- 36 Borstlap and Entz 1994
Portage, MB Black 1990 2253 3 2247 [- 0.3 Borstlap and Entz 1994
Univ- Manitoba Black 1969- 89 1395 o) 1592 +14.1 Lafond et al 1990
Melfort, SK Black 19497 1815 1777 1842™° +15 Nagy and Johrmn 2000
Indian Head, SK Thin Black | 1985- 87 1250 1121 1132 - 94 Lafond 1992
Ft. Vermilion, AB. Gray 1985-87 | 1200 1143 1180% |- 1.7 Clayton, 1999
Rycroft, AB Gray 1989-90 588 869 622 +5.8 Arshad et al 1995
Star City, SK Gray 2002 2082 ] 1909™ |- 4.6 Melhi, 2005 et al
Tisdale, SK Gray 199497 1752 1759 1637 - 8.3 Nagy and Johnson 2000
Scott, SK Dark Brown | 1979- 90 1292 1217 - 5.8 Grevers et al. 1992
Mean: - 2%
Flax
Univ - Manitoba Black 1969-71 | 728 3 7917 +8.7 Lafond etal. 1990
Melfort, SK Black 1986-89 | 1306 3 1394 +6.7 Wright 1990
Melfort, SK Black 1994-97 | 1867 1717 1820 |- 25 Nagy and Johnson 2000
Indian Head, SK Thin Black | 1987-91 1232 o) 1401 +13.7 Lafond et al 1992
Indian Head, SK Thin Black | 1987-91 1440 1612 1629 +13.1 Zentner et al 1999
Mean: + 7.9 %

* Denotes significant at 0.05 level of significance, NS =-s@gmificant,d = system not included in the experiment

Grain yield of canola is presented in Table 5. Based on 12 stodresa yield, on average, was 2.0%
lower in natill treatments as compared to conventionally tilled treatments. In 2 studies, zero tilled plots
had 5- 14% higher yield as compared to conventionally tilled plots, whereas, in 3 studies the opposite
was tree. In another 7 studies, there were no significant differences in yield between zero and
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conventionally tilled plots. Information on flax yield is presented in Table 5. On average, flax yields were
7.9% higher in zero tilled plots as compared with corngeatly tilled plots.

3. Field Peas and Lentils

Field peas and lentils yield is presented in Table 6. On average, field peas and lentils yields were 5 and
13% higher respectively, in zero tilled plots as compared with conventionally tilled plots.

Table 6. Field peas and lentils grain yield in western Canada by tillage system and soil types

Location Soil Zone Year Tillage System Zerotill yield | Reference
Conventional [ Minimum [ Zero advantage
--------------- Yield (kg ha) ------------—-- (%)
Field peas
Carman, MB Black 1989 1957 d 2010™° +27 Borstlap and Entz 1994
Carman, MB Black 1990 3779 d 4129 +8.4 Borstlap and Entz 1994
Portage, MB Black 1989 3739 R} 3369"° - 9.9 Borstlap and Entz 1994
Portage, MB Black 1990 3403 R} 34707 +1.9 Borstlap and Entz 1994
Melfort, SK Black 1986-89 | 1910 R} 2219 +16.2 Wright 1990
Melfort, SK. Black 1994- 97 | 2260 2125 2362 +45 Nagy and Johnson 2000
Indian Head, SK Thin Black | 1987-90 | 1950 1903 2152 +10.2 Lafond et al 1992
IndianHead, SK Thin Black | 1987-98 | 2272 2407 24507 +7.8 Zentner et al 1999
Star City, SK Gray 2003 1992 3 1997™° +0.1 Melhi et al 2006
Mean: + 4.6%
Lentils
Melfort, SK Black 1986-89 1210 d 1527 +26.2 Wright 1990
Swift Current, SK Brown 19927 96 1551 0 1547 -0.3 Miller and Zentner 2000
Mean: + 13.0%

Denotes significant at 0.05 level of significance, NS =-gigmificant,0 = system not included in the experiment.

B. GrainYield i Field Scale Plots

A 5-year field scale study in western Meoba compared the economics of zero, minimum tillage, and
conventional tillage (Manitoba Department of Agriculture 1990). In this studyac@dfield was divided
into thirds: one third farm conventionallgne to two cultivations in the fall plus fdizier application,
cultivation, harrow and seeding in springhother third was farmed using minimum tillgégl banding

of fertilizer, cultivation, harrow andeeding in springland the remaining third was farmed withtilb
practice(fall banding, pring seeding). Similar to smadkale research plots, the grain yield for
conservation tilled wheat; yields for barley and canola were either equal to or higher than for the
conventional tilled areas. (Table 7)

Table 7. Wheat barley and canola grain gieh a 5Year Manitoba study by tillage systems

Location Crop Year Tillage System No-till yield
Conventional | Minimum [ Nodill | advantage (%)
--------------- Yield (kg ha) -------------
Manitoba | Wheat 1985 3632 3766 3766 3.4
Barley 1986 3562 3938 4159 16.7
Barley 1987 3400 3744 4148 22.0
Canola 1988 367 460 622 69.5
Wheat 1989 3692 4122 4317 16.9
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In summary, for conservation tilled (minimum and zero) wheat, barley, canola, flax, peas and lentils,

grain yields were either higher equal to conventional tillage. Yield increases witktilonanagement

are usually associated with improved soil water conditions. At some locations there was a decreased yield
with noill relative to conventional tillage. This often occurs in environtaevith abundant precipitation

and on poorly drained soilinger and McCalla 1980. Lower yields under reduced tillage systems may

also be related to changes in physical properties of the soil, and residue management that influences the
survival and actiity of plant pathogens, resulting in the potential buildup of disease in these systems
(Rothrock 1992)

Il . Production Costs

Production costs are an important component in the net return equatictilbfelative to conventional
tillage. Productiortost involves cost of labor, fertilizer, fuel, pesticides, seed and machinery. Grain
handling and drying costs also come into play in the equation if there are significant differences in yield.
Land cost is usually the same as with the conventionalgibggtems

A. Labor Use and Cost

In zero and minimum tillage systems there is a significant reduction in the intensity and number of tillage
operations as compared to conventional tillage. This lowers the cost for labor and machinery, especially if
machineryis used optimally. Appleby (1988.992) calculated the typical field operation for various

tillage systems in Alberta. Conventional tillage systems have the greatest labor requirement for tilling,
fertilization and planting crops (7.5 field operations)d&eed tillage systems require 5.8 field operations

for tilling and planting, while ndill systems require the fewest field operations (Table 8). Weersink et al
(1992) also found that by adopting-tilb practices, corn and soybean farmers in southernridnta

realized a significant amount of savings in labor costs. They showed that the omissieplahpsgring

tillage alone reduces the labor requirement by 60%, thus freeing up the extra time for other operations on
the farm.

The number of hours devotéaltillage operations is different for conventional, reduced aritilino

systems. A cropping survey study in Alberta in 1992 has shown that conventional tillage operations took
onehour and 23 minutes per hectare whiletiiorequired only 0.5 hours pdrectare [(Appleby 1988

1992) (Table 9)]. Similarly, the USDA, Economic Research Service, Cropping Practice Survey (1990
1995) also showed that conventional tillage operations for wheat took 116 minutes per hectare, while
conservation tillage required grb4 minutes per hectare (Uri 1999).

Table 8.Field operations by tillage systems

Conventional tillage Reduced tillage No-till
Fall tillage 0.90 0.36 0.00
Fall spray 0.00 0.17 0.00
Fall fertilization 0.20 0.49 0.00
Preseed tillage 1.70 0.57 0.00
Preseed harrow 0.80 0.00 0.00
Preseed weed burndow 0.00 0.25 0.50
Seeding 1.0 1.0 1.0
Harrowing 0.40 0.45 0.00
Postseed spray 1.10 1.00 1.20
Swathing 0.40 0.53 0.10
Combining 1.0 1.00 1.00
Total passes 7.50 5.82 3.80

Source: Appleby 1988 1992: Alberta Agriculture Farm Survey
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Table 9.Field operation hours by tillage systems: Alberta Agriculture Farm Surveyi19882

Tillage System Average Size of Farm| Number of hours labouj  Minutes per hectare
Conventional 127 aces 63.15 73.7
Reduced 93 acres 29.22 46.8
Zero 160 acres 37.70 34.9

Source: Appleby 1988 1992: Alberta Agriculture Farm Survey
B. Fertilizer Use and Cost

Conservation tillage systems retain a large amount of crop residues on the soil surtempahd soils
cooler and wetter. Soils in conservation tillage systems also have increased organic matter, improved
moisture retention and permeability, and reduced mineralization of nutrients due to less mixing of soils.
All these characteristics canvean impact on the fertilizer needs of the crop and nutrient availability
(Schoenau and Campbell 1996).

There is no agreement in the literature on the effects-tfl om fertilizer needs and nutrient availability.
Some researchers have suggested that the long haul, fertilizer use will decrease undetilhbecause

it is injected (side or midow banded) below the soil surface, resulting in more efficient use of nutrients,
while others have suggested that the fertilizer requirement will incoeastay the same for both tid

and conventional tillage systems.

Cropping Practice Survey data by USDA have shown that the use and cost of both nitrogen and phosphate
is about the same for both reduced tilled and conventionally tilled crops (Tabl& 1@-year tillage and

crop rotation study in lowa has shown a lower nitrogen and phosphate requirement in corn following
soybeans. In contrast, Lindwall et al. (2000) found thailheheat tied up nitrogen in residue and sail

organic matter. They orluded that naill decreased yields unless accompanied by better nutrient
management. Ntll, accompanied by appropriate nutrient management, increased net returns by 5% for
canola, 30% for wheat, and 25% for peas, but in canola, it only raised éertitizts (14%).

Table 10. Average fertilizer use by tillage practice4995

Commodity Conventional tillage | Conservation tillage
Pounds per acre

Spring wheat

Nitrogen 58.0+2.91 47.4 +4.93
Phosphate 26.2+1.42 29.9+1.52
Potash 6.23 +0.91 1.37 +0.62
Durum wheat

Nitrogen 59.9+4,55 65.1 +5.88
Phosphate 17.6 +1.55 19.0+2.09
Potash 1.3+0.49 1.5+1.49
Winter wheat

Nitrogen 61.7+1.61 55.6 +2.84
Phosphate 20.9 +0.87 23.5+1.84
Potash 9.3+0.87 17.0+2.08

+ Denotes staratd errors.

Source USDA, Economic Research Service,
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C. Fuel Use and Cost

The major components of conventional tillage systems are tillage (fall and spring), fertilization,
harrowing, seeding, torop spraying ash harvesting (swathing and combining). All these are major users
of diesel. It is estimated that conventional tillage with a h&aty cultivator uses about 5.4 L/ha (2.2
L/acre) of diesel fuel for every tillage operation.-tilbreplaces tillage with glyphosate application for

weed control, thus significantly reducing trips across the field. Fuel use for spraying is about 1 L/ha (0.4
L/acre) of diesel, less than 20% of that required for tillage. Depending on the size of seed and fertilizer
tank, diret seeding equipment (air seedier or air drills) uses more fuei @®L/acre) as compared to
conventional seeding with a haeill. During harvest operations, there are no difference in fuel
consumption between zero till and conventional tillage. Esetl for combine during the harvesting
operation can be as high as 12.4 L/ha or 5.0 L/acre. In direct seeding operations, seeding, harvesting, and
two weed control passes uses about 8.8 L/acre of diesel (Table 11).

In a longterm study on the effects tiflage, Lafond et al (1999) have shown a significant reduction in
fuel consumption with reduced and z¢iltage as compared to conventional tillage (Table 12).

Table 11.Estimate of fuel consumption by tillage systems.

Tillage systems
Field operations Conventional tillage | Reduced tillage | No-till
Fuel consumption L/acre
Fall tillage 1.98 0.8 0.00
Fall spray 0.00 0.09 0.00
Fall fertilization 0.44 1.1 0.00
Preseed tillage 3.75 1.25 0.00
Preseed harrow 0.4 0.00 0.00
Preseed weed burndow 0.00 0.80 (2passes) 0.80 (2passes)
Seeding 2.5 2.50 3.00
Harrowing 0.16 0.18 0.00
Postseed spray 0.44 0.40 0.50
Swathing 0.44 0.58 0.11
Combining 5.0 5.0 5.0
Oil and Grease 2.66 1.8 1.3
Total fuel used: 17.8 13.7 9.9

Source: Appleby 1988 192: Alberta Agriculture Farm Survey

Table 12.The effects of tillage systems and crops on fuel use at Indian Head, SK-Q@087

Tillage system Field peas Flax Winter wheat Spring wheat
Fallow | Stubble
Fuel Use
L.ha®
Zerotillage 18.8 18.6 19.4 235 19.1
Minimum tillage 23.3 23.7 19.3 30.6 24.0
Conventional till 32.3 30.3 19.2 47.1 30.2
Contrast
ZT + MT vs. CT *x ** NS ** **
ZT VS MT *% ** NS ** *%*

™ Denotes significant at 0.05 level of significance, NS =-sigmificant,
Source:Lindwall et al (2000).
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D. Pesticide use and Cost

Chemical weed control in any tillage system depends on catching the right stage of plant grewatid pre
postspraying environmental conditions, plant stress, weed species diversity and number. For these
reasos, the management strategy varies with location and tillage system and requspsdfie
management strategies. In minimum and Z#iage systems, most of the weed seeds are at or near the
soil surface (0 5 cm) where they have lower seed dormaaueg high seedling mortality due to drought,

and by predation by insects and other animéisis, adequate above ground weed control in the first few
years of ndill can greatly reduce the weed seed bank in the upper layer of sGi8 Donovan and
McAndrew2000) In contrast, in conventional tillage systems, seeds are buried in the soil, resulting in
conditions that are conducive to seed dormancy and perpetual weed problems.

There are conflicting reports on the relative use of herbicides across thesyigms in western
Canada. An Albertégriculture study showed no difference in herbicide cost betw@rimumi zerc
tillage and conventional tillage systeffhewis 2000). However, the cropping practices survey in
Saskatchewan showed that herbicide tmsminimumi no-till was slightly higher than conventional
tillage (Table 13). Lindwall et al (2000) also showed that herbicide application costgforumi zero
tillage were greater than for conventional tillage over the period 1987 to 1997 foromHfe#iow, wheat
on pea stubble, and for wheat on cereal stubble (Table 14). Applebyi(1982) also showed slightly
higher herbicide cost for minimuimzeraotillage as compared to conventional tillage.

In western Canada, there is no information ladé on insecticide use in minimuneerotillage versus
conventional tillage. However, according to the USDA, Economic Research Service, Cropping Practice
Survey (199a1995) in the U.S., less insecticide is used in conservation tillage than in congéntio

tillage. For example, in corn, the insecticide use on conservation tilled acreage was 0.68 kg ai/ha and
0.87 kg ai/ha for conventional tilled acreage (Uri 1999).

Table 13 Estimated herbicide costs for minimiinaero and conventional seeded stulttgps

Crop Type Conventional seeded stubble crops Direct Seeded Stubble Crops
$/ha $/ha
Brown Soil | Dark Brown | Black Sail Brown Soil | Dark Brown | Black Sail

Zone Soil Zone Zone Zone Soil Zone Zone

Wheat 25.95 35.77 35.77 34.34 4414 4414

Barley 26.71 37.18 37.18 35.10 45,55 4555

Canola - 48.81 48.81 - 58.63 58.63
Mustard 39.58 - - 41.36 - -

Flax 51.06 52.05 52.05 59.43 60.41 60.41

Field peas - 46.96 50.22 - 55.34 55.34

Lentils 82.11 82.11 82.11 90.49 90.49 90.49

Source: Saskatchewan Agriculture @&wbd and Rural Revitalization, 2002
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Table 14.The effects of tillage systems and crops on herbicide and fuel use at Indian Head, S7(1987

Tillage system Field peas Flax Winter wheat Spring wheat
Fallow |  Stubble
Herbicide Use

ga.iha'
No-till (NT) 1726 1721 1164 3536 1966
Minimum tillage 1410 1528 1157 2816 1719
(MT)
Conventional till 1565 1034 1155 1430 1284
(CT)

Contrast
ZT + MT vs. CT NS * NS * *
ZT vs. MT NS * NS * *

Source:Lindwall et al (2000)
" Denotes ignificant at 0.05 level of significance, NS = neignificant,

E. Seed Use and Cost

Most of the studies in western Canada have shown no difference in seeding rates between conservation
tillage and conventional tillage. Results of the Cropping Practicasgpby USDA also indicate that
growers do not vary the seeding rate by tillage practices.

F. Machinery Use and Cost

Conservation tillage requires fewer trips across the field, allows two or more activities to be combined
into one, or permits the use of rhéwes with greater capacity and lower draft (Table 15). However,
producers who switch to conservation tillage may see an increase in capital cost expenditures. The
amount of investment depends on the existing machinery complement

Table 15.Cost of tillage seeding and spraying operation in zero, minimum and conventional tillage: Operation for
2000acre farm

Machinery Size Value Use Use Total cost
(%) (ac yrh) (hrs™ ($yr?

No-till

Air drill (new) 33 ft 75,000 2,000 125 13,650

Sprayer (used) 80 ft 15,000 4,000 85 7,070

Cultivator (used) 42 ft 12,000 200 10 2,590

Harrow (used) 70 ft 4,000 400 10 980

4 WD Tractor (used) | 300 hp 100,000 185 18,280

2 WD Tractor (used) | 150 hp 50,000 247 5,560

Total: 48,130

Minimum tillage

Air drill (new) 33 ft 75,000 2,000 250 18,510

Sprayer (used) 80 ft 15,000 2,500 53 5,540

Cultivator (used) 42 ft 12,000 200 12 2,940

Harrow (used) 70 ft 4,000 1,000 23 1,090

4 WD Tractor (used) | 300 hp 100,000 335 23,770

2 WD Tractor (used) | 150 hp 50,000 203 3,570

Total: 55,420

Conventional tillage

Press drill (new) 40 ft 56,000 2,000 90 9,790

Sprayer (used) 80 ft 15,000 2,500 53 5,540

HD Cultivator (used) | 42 ft 15,000 5,000 250 6,930
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Disc (used) 30 ft 15,000 1,000 61 4,870

Harrow (used) 70 ft 8,000 4,000 90 2,540

4 WD Tractor (used) | 300 hp 100,000 452 2,6870

2 WD Tractor (used) | 150 hp 50,000 294 7,180
Total: 63,720

A = water supply tank $ 35.00/hr
B = other farm activities @ $50/hr
Source: Appleby 1988 1992: Alberta Agriculture Farm Survey

IV. Cost Comparisonfor Different Tillage Systems

Crop production profits are a function of soil characteristics, climatic conditions, cropping sequences, and
other farm management practices. On the Canadian Prairies, economic studies have shown that the
profitability and iskiness of reduced tillage varies by soil zones. Conservation tillage provides savings in
cost for labor, fuel, machinery repairs and overheads. In most years, crop yield is either higher or equal to
conventional tillage. Along with machinery cost, heitdée use is major input affected by tillage systems.
Conservation and conventional tillage system relay on herbicides for weed control. Depending on the
weed problem in a given year herbicide cost in conservation system can be greater than, equal to or
smadler than conventional tillage

A. Brown and Dark Brown Soil Zones

Considerable research has been conducted on the economic benefits of reduced tillage systems in the
Brown and Dark Brown soil zone in western Canada. Zentner et al (1996) reported tifahugmum

and natill practices in wheat fallow rotation generated saving in machinery and lab@avenaged $141

ha' for Fi W and $224 hd (or 59% more) for continuous wheat. The use of conservation tillage practices
produced savings in labor, mackig operation, and ownership costs of $3 to $7 fiar minimum

tillage and $6 to $9 for rbll managed fallowi wheat, but saving was only $2-théfor continuous wheat
system. In contract, to these saving in labor and machinery related cost with coms¢itizege practices,

the expenditure for herbicide increased by Baiwith minimum tillage and by $31 Hawith no-till -

managed fallow wheat. The net effect was that total costs for the félemeat systems averaged 6%
higher ($7 ha more) when sing minimum tillage versus conventional tillage practices.

In another #yr (19921 1996) study of diversified cropping systems conducted at Swift Current SK., total
cost averaged $222Hdor fallowi crog crop rotations compared with $303-héor 36% moe) for
continuously cropped systems (Table 16). In this study production costs were highetilfahano for
conventional management in both thgr3$18 ha') higher, or 9% more) and continuous crop rotations
($15 ha' higher, or 5%more).

Table 16.Production costs and economic return for complete cropping systems in the Brown soil zone, Swift
Current, SK

Cropping system Tillage Variable cost | Total cost | Gross return* [ Net return
method $ha’
Fallowi Wheat Conventional 169 197 227 30+23
Wheat No-till 195 214 228 14+20
Wheat Wheat Conventional 221 272 280 8+24
No-till 234 286 285 0 1+17
Fallowi Mustard Conventional 177 205 257 53+42
Wheat No-till 203 223 258 36+29
Mustard Wheat Conventional 235 286 306 20+45
No-till 250 302 325 23+40
Fallowi Sunfloweif Conventional 171 198 208 1043
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Wheat No-till 197 216 204 [111+29
Sunflowei Wheat Conventional 229 280 273 L] 747
No-till 243 295 278 [ 17+44
Fallow Lentili Conventional 220 249 348 99+36
Wheat No-till 246 267 348 81+38
Lentil T Wheat Conventional 291 345 466 121+81
No-till 305 359 460 100+73
Fallowi Field peé Conventional 184 213 241 28+23
Wheat No-till 212 233 257 24124
Field pedWheat Conventional 238 291 340 50+43
No-till 252 306 347 41+38
Fallowi Chickped Conventional 188 214 283 68+45
Wheat No-till 215 233 286 53+47
ChickpedWheat Conventional 246 296 407 111473
No-till 260 312 415 10369

* $138 t™ for wheat (12% protein), $287tfor mustard, $243 1 for sunflower, $441 t for lentil, $132 t* for field pea, and $375'tfor
chickpea. Inputs were valued at 1999 cost levels.

+ mean follow by standard error

Source:Zentner et al 200Agron. J. 94:216230.

In the Dark Brown soil zee at Scott, SK, results from a-§2study of fallow oilseed wheat and

oilseed wheat wheat rotations in which conventional tillage anetitigractices were compared showed
that production costs (based on 1991 input cost levels) averaged $1686 Fallow i oilseedi wheat

and $217 hd for oilseed wheat wheat. Costs were also higher fortilbthan conventional tillage. In

this study the use of ril practices generated labor and machinery cost savings of $7 to $10 ha
however, these savings veemore than offset by higher herbicide expenditure (Zentner 1992).

Smith et al. (1996) also examined the economic benefits of reduced tillage fallow cropping systems in the
Dark Brown soil zones of Alberta. One study was short tergeés) and the othevas longterm

(initiated in 1955 and reported on in 1996). Results from thead study indicated no differences in net

return between conventional and reduced tillage fallow systems. In contrast, in therfarsggudy, net

returns were highest for @l systems and lowest for reduced till systems. The long term study reported a
buildup of weeds that are difficult to control with herbicides alone, and this may have impacted the grain
yield in reduced tillage systems.

Theprofitability and riskinessf conservation tillage in this study was mainly daghe higher cost of
controlling weeds on summerfallow with glyphosate compared to conventional tillage which relied on
intensive tillage.

B. Thin Black Soil Zone

In the Thin Black soil zone at Indiangdd, Lafond et al (1993) and Zentner et al (1999) reported that no
till and minimum tillage practicasere more profitable than conventional tillage in all rotation (Table 17).
This favorable profit picture is mainly due to 10 to 21% yaaldantage for aps grown using

conservation tillage practices.
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Table 17.Production costs and economic return for complete cropping systems in the Thin Black soil zone, Indian
Head, SK (19871998).

Cropping system Tillage Variable cost | Total cost | Gross return* |  Net return
method $ha’

Spring whedtspring | Conventional 178 230 283 53+97
wheat winter wheat | Minimum 185 234 280 4696
fallow Zero 187 234 285 51+82
Spring whedtspring | Conventional 228 290 373 83+124
wheat flaxi winter Minimum 231 290 396 106+£116
wheat Zero 229 285 393 108+114
Spring whedtflaxi Conventional 227 298 411 113+129
winter wheaitfield Minimum 298 298 423 126+119
pea Zero 293 293 413 120+111

Shown for he following grain prices: spring wheat, $138(12% protein); winter wheat, $129; flax, $295 t'; and field pea, $184t Inputs
were valued at 1998 cost levels.
+ mean follow by standard error
Source:Zentner et al 200Agron. J. 94:216230.

C. Black and Gray Soil Zone

In the Black Soil zones, the effect of minimiimo-till practices in the management of mixed cropping
systemss highly profitable. This is because of significant yield advantages and substantial saving on fuel,
labor and machinergost.

In Melfort, SK, Nagy (1997) has shown that greess direct seeding system usargyr rotation of
oilseed cereal pulsd cereaprovided the highest annualized net return over less diversified cropping
systems that used minimum tillage and convenatidillage practices. In this study the productiosts
averaged about $7 héower with minimum tillage than witbonventional tillage practices and $14*ha
lower with natill practices (Table 18).

Table 18 Production costs and economic return famplete cropping systems in the Thick Black soil zone,
Melfort, SK (1987 1998)

Cropping system Tillage Variable cost | Total cost | Gross return* | Net return
method $ha’
Canolda Wheat Conventional 255 335 523 188+48
Barleyi Barley Minimum 251 324 532 203+53
Zero 250 317 518 200423
Canold Barleyi Field | Conventional 264 342 564 224135
ped Wheat Minimum 259 335 561 226+49
Zero 260 330 576 246115
Canold Field pea Conventional 255 324 541 217432
Flaxi Barley Minimum 249 316 513 197+50
Zero 251 313 549 236137

Shown for grain prices of $149 for Canada Prairie Spring Red wheat, $118t malt barley, $321tfor flax, $390 t for canola, and $195't
for field pea Inputs were valued at 1996 cost levels.
+ mean follow by standard error
Source:Zentner et al 200Agron. J. 94:216230.

Nagy and Johnson (2000) in the Gray Soil zone at Tisdale SK also reported cost advantage in favor to no
till practices (Table 20).
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Table 19.Production costs and economic return for complete cropping systems in the Gray soil zone, Tisdale, SK
(1994 1997)

Cropping system Tillage Variable cost | Total cost | Gross return* | Net return
method $ha’
Canold Wheat Conventional| 281 352 468 116+22
Barleyi Barley Minimum 275 242 451 109+33
Zero 278 339 438 99+63
Canold Barley Field | Conventional| 287 258 536 181+54
ped Wheat Minimum 281 349 502 153434
Zero 284 349 506 158+65
Canold Field pea Conventional| 274 336 457 121+71
Flax Barley Minimum 268 327 456 128+50
Zero 271 326 417 91+70

Shown for grain prices of $1491 for Canada Prairie Spring Red wheat, $11®t malt barley, $321%for flax, $390 t* for canola, and $195 t
! for field pea. Inputs were valued at 1996 cost levels.

+ mean follow by standard error

Source:Zentner et ahgron. J. 94:216230 (2002).

In the Gray soil zone of northwestern (Rycroft) Alberta, Blomert et al (1997)radderated cost
advantage in favor of zero till practices. They reported that net returns from a mixetiaieed
rotations were highest for #dl management, intermediate for minimum tillage and lowest when
conventional tillage practices. They foutiét netill provided cost saving of 30% ($32.65 han
machinery operation and overhead, and about 24% ($1pgheing in labor.

In the Dark Brown (Location: Alliance), Black (Location: Wainwright) and Gray (Location: Plamondon)
soil zones of Albed, McAndrew et al (2002) also reported moderated cost advantagetithroner
conventional tillage practices.

V. Diesel, Glyphosate Price Changes and Economics of Reduced andtilo

More recently, increases in diesel price and decreases in glyphdsatéavor the profitability and

farmer acceptance of reduced andilieystems versus fughtensive conventional tillage systems in
semiarid regions of the Canadian Prairies and the northern Great Plains. Nail et al (2007) examined the
profitability results of a londerm field experiment, comparing conventional tillage (CT) with minimum
tillage (MT) and delayed minimum tillage (DMT) systems for winter wAialdw in eastern Washington
using both 1998 and 2005 input prices. There were several impfindings from this study:

1. Net returns for the MT and DMT systems increased by $ 6.37 and 6-30Qrdwpectively and net
returns to CT systems decreased by $ 2.36 (rotational ha)_1 when 2005 versus 1998 prices were
used.

2. In soft white winter wheat, 12005 price hikes, pushed diesel costs up for all systems: CT =
$9.00 hal; MT = $7.51 hal; DMT = $6.81 hal. The cost of diesel for conservation systems
decreased by only $307 $2.20 hal.

3. In conservation tillage systems, the greatest saving matfnom the price reduction in

glyphosate: CT = $9.00 Hi MT = $7.51 hal; DMT = $6.81 hal.

The cost of diesel for the conservation tillage systems, relative to the cGdt diecreased by $ 1.52.20

The conservation tillage systems (MT and DMTgrae greater savings from the price reduction

in glyphosate because they have intensive use of glyphosate for weed control; relative to CT, the

savings in glyphosate in DMT and MT were $ $5.5@Ltend $2.63 hd respectively.

6. There was also a relativestasaving from the price changes in N fertilizer. Anhydrous N¥H3
was exclusively used in the experiment for CT and aqueous$ NIft8 MT and DMT. The price
of anhydrous NHBN increased from US$ 0.55 kbin 1998 to 0.85 kg in 2005, a 56%

ok
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increase. Aquaus NH3 N increased from only $0.75 kgin 1998 to 0.85 kg' in 2005, a 15%
increase.

This study clearly points out that recent shifts in diesel and glyphosate prices have benefited the relative
profitability of reduced and zero tillage for winter wkiasummerfallow. If these updated economic

results were to be applied to the other studies in the Thin Black, Black andvGoegd soil zones, it

would further improve the economic benefits in these soil zones.

VI. Concluding Remarks

The economic analysi the cereafallow rotations in zero and conventional tillage systems in the

Brown and Dark Brown soils zones was carried out in the early 1990s when glyphosate prices were high
($25.00 L), diesel prices were fairly inexpensive, and applicationé wire broadcast on the soil

surface rather than side banded below the soil surface. Since then, there have been dramatic shifts in
diesel and glyphosate prices and a trend towards more efficient fertilizer placement. Summerfallow
acreage in the Brown amzark soil zones has declined significantly, and a majority of farmers in these

soil zones are now practicing diversified cropping rotations, including herbicide resistant canola.
Profitability of transgenic herbicide resistance canola is significantlyehigd compared to non

transgenic herbicide resistant canola. Moreover, 97% % canola grown on the Canadian Prairies is
transgenic herbicide resistant canola. If the economic comparison were made now, based on these new
market trends, the cost benefit piewf reduced tillage practices would show a significant improvement.
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Chapter 3

No-Till and Soil Quality
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l. Introduction

On the Canadian Prairies and elsewhere, agricultural practices during the last 100 years have had a major
impacton soil quality. During the early 1900s, intensive tillage (deep plowing) was the common practice

on the Great Plains of North America, and this has caused a significant decline in soil quality. Since the
early 1990s, however, conservation tillage prastitave been increasingly adopted on Canadian farms.

In 1991, netill practices accounted for approximately 7% of the planted acres in Canada. By 2@D6 no
practices had increased to approximately 46% of the planted acres in Canada

Il.  What is Soil Quality?

Soil quality is synonymous with soil health and is often used interchangeably in scientific literature. Soil
health is determined by measuring the physical, chemical and biological properties of the soil. There are
various definitions of soil quality. ¥Soil Science Society of America (1995) defines soil qualitfi ash e
capacity of a specific kind of soil to function, within natural or managed ecosystem boundaries, to sustain
plant and animal productivity, maintain or enhance water and air quality,sapgort human health and
habit ®doiramoand Par ki n (199 4the chpacityeof acseilftoifumotiah s o i | gu
within ecosystem boundaries to sustain biological productivity, maintain environmental quality and

promote plant and animalhebi. Ar shad and Co e soil ualigy 8a? he expressédc at e d
in terms of the sustaining capability of a soil to accept, store and recycle water, minerals and energy for
production of crops at optimum levels while preserving a healthy enviraniatwil quality depends on

climate, landform, hydrology and management techniques emplagedulture and AgriFood Canada

def i nes s osoilk fitress tolsuppory crop growth without resulting in soil degradation or

otherwise harming the envio n ment 0 .

In terms of crop production, a soil has six important functions:

1 Being a medium for plant growth and productivity;

T Storing and cycling nutrients and other el emen
production

1 Adsorbing and infiltratig of water for crops;

1 Exchanging air in the rooting zone;

I Maintaining a stable structure to resist water and wind erosion;

9 Sustaining biological activity, diversity, and productivity.

Soil quality influences the ability of the soil to regulate the afoemtioned functions. Soil quality can be
measured with soil indicators such as the physical, chemical and biological indices of soil. There is a long
list of soil indicators in the literature to assess changes in soil quality. Doran and Parkin (19%t) sugge

that improved soil quality for crop production is indicated by soil texture, depth of rooting, bulk density,
infiltration, water holding capacity, structure, temperature, organic carbon, nitrogen, pH, electrical
conductivity, mineral N, P, and K, micrialb biomass C and N, potentially mineralizable N, and soil
respiration (Table 1). Granatstein and Bezdicek (1992) indicated that an increase in infiltration,
macropores, aggregate size and stability, soil organic matter, biological activity and aendten, a

decrease in runoff, bulk density, erosion, nutrient losses, soil resistance, diseases and production cost are
good indicators of soil quality.

This section focuses on the effect of conservation tillage on soil quality based on several indices of
physical, chemical, and biological soil quality; the emphasis is on Canadian studies.
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Table 1 Indicator of Soil Health

Indicator of Soil Conditions| Relationship to soil conditions and functions

Physical

Texture Retention and transport of water and cleh Estimate of degree of
erosion and field variability of soil types.

Depth of soil, top soil and | Estimate of productivity potential and erosion

rooting

Soil structure, soil bulk Indicators of compaction and potential for legxg, productivity and

density and infiltration potential for erosion

Water holding capacity Related to water retention, transport and potential for erosion

Chemical

Soil organic matter Define soil fertility and erosion extent

pH Define biological and chemical activity thhesds

Electrical conductivity Define plant and microbial activity thresholds, soil structure stability ai
infiltration of added water

Extractable N, P, K Defines plant available nutrients and potential of loss of soil productiv
and environmental indators

Biological

Microbial Biomass C and N| Microbial catalytic potential and repository for C and N; early warning
management effect on soil organic matter

Potentially mineralizable N | Indicator of microbial biomass. Estimate soil productivity ansulplying
potential

Soil respiration, water Measure of microbial activity

content and temperature
Source:Doran and Parkin (1994)

[l Effects of Tillage on Soil Quality

Tillage practices affect soil quality in a complex way. For exanplidye shorterm, conventional tillage
provides benefits by loosening the soil and allowing for water infiltration and oxygen to enter into it. In
the long term, however, intensive tillage oxidizes organic matter and affects soil tilth, aggregation and
structure. Allthese changes in soil quality result in dense compacted soil that influences root growth.
Conservation tillage, especialHill, retains large quantities of residuessulting in an increase in
organic matter content, improved soil structure, buffeabtemperatures, and allows soil to hold more
water. All these changes regulate plant growth processes and crop yields.

1. Soil Organic Matter

Soil organic matter is an important indicator of soil quality and health. It is also a key factor in growing
good crops and preventing erosion. It controls many physical properties (soil structure and tilth, aeration,
water infiltration rate and water holding capacity), chemical properties (fertility, and pesticide adsorption)
and biological properties (microbiattivity). It is an important factor in the nutrient and carbon cycle.

Over the last 100 years, the cultivation of grassland and forest soils on the Canadian prairie has resulted in
substantial loss of soil organic matter. According to some estimatesjrtieat soil carbon reserves in the
surface layer of cultivated soils are about 30% to 50% lower than those of corresponding uncultivated
sites.

There are several reasons for this decline: 1) tillage exposes the organic matter to rapid microbial
decompsition, 2) cropfallow rotation keeps the soil moist, thereby promoting microbial breakdown of
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SOC without adding crop residues, 3) erosion of top soil removed organic matter and 4) annual crops
produced less residues than native grasslands (Boehm 20R4cz and Penny 2001).

The amount of carbon content in a soil (the measure of organic matter) is controlled by a range of

physical, chemical, biological and management factors and reflects the balance between accumulation and
breakdown. The main factoese soil temperature, soil moisture, soil aeration, residue management, soil

clay content (organic matter forms stable complexes with clay), cropping intensity and fertilization

(Boehm 2004).

Tillage accelerates oxidation of organic matter by soil migi@aoisms through changes in temperature
regime, soil water, aeration, aggregation and nutritional environment (Doran and Smith 1987). Reduced
tillage systems retain large amounts of crop residues on the soil surface, keeping the soil cooler and
moister. Tls condition slows microbial activity, thus reducing the organic matter losses. Therefore, soils
closer to the soil surface under reduced tillage systems contain greater organic C and N and greater
microbial biomass than under conventional tillage.

No-till normally increases the organic matter content of soils especially #ailow rotations. It has

been shown that adoption of zditage cropping systems increases the soil organic C content of the
surface 15 cm of soil in the Canadian Prairie (T2pJeespecially if fallow is not included in the rotation
(Campbell et al 1995; Campbell et al 1996; Campbell 1998; Larney et al 1997; Nyborg et al 1995).

Table 2. Studies comparing SOC in4tifl (NT) versus conventional tillage (CT)

Site Yr | Depth | C gain Treatment Reference

(cm) | (Mg ha )
Steward valley, SK 11 | 15 3.0 NT vs CT Continuous wheat Campbell et 1996a
Cantuar, SK. 11 | 15 o NT vs CT Continuous wheat Campbell et al 1996a
Swift Current, SK | 12 | 15 1.6~ NT vs CT Continuous wheat Campbellet al 1995
Swift Current, SK | 12 | 15 o NT vs CT FallowWheat Campbell et al 1995
Indian Head, SK |6 | 15 -2.31% NT vs CT FallowWheat Campbell et al. (1998)
Indian Head, SK |6 | 15 1.27™° NT vs CT FallowWheatWheat N+P | Campbell et al. (1998)
Indian Hea, SK |6 |15 0.48™ NT vs CT FallowWheatWheat N+R- | Campbell et al. (1998)

straw

Elstow, SK 16 | 20 4.47 NT vs CT McConkey et al 2003
Indian Head, SK |8 |20 127 NT vs CT McConkey et al 2003
Melford, SK. 25 | 20 417 NT vs CT McConkey et al 2003
Breton AB 11 | 15 7.5 NT vs CT Continuous Barley Nyborg et al 1995
Ellerslie, AB 11 | 15 ons NT vs CT Continuous Barley Nyborg et al 1995
Lethbridge, AB 16 | 15 ons NT vs CT FallowWheat Larney et al 1997
Lethbridge, AB 8 |15 27 NT vs CT Continuous wheat Larney et al 1997

™ Denotes P> 0.05, NS = non significant

VanderBygaart et al. (2003) have summarized a total of 62 studies in which the difference in SOC was
determined for conversion from native land to cropland, and for different tillage, crop rotadion a

fertilizer management practices. There was a loss of 24 + 6% of the SOC after native land was converted
to agricultural land. Naill (NT) increased the storage of SOC in western Canada by 2.9 + 1.3'fg ha

however, in eastern Canada conversion to MThdt increase SOC.

In no-ill systems, soil organic concentrations are usually higher at the soil surfiaéec{® depth), and
usually there are no differences below this depth. In atiermg study at Donnelly, Alberta, (silt loam)
and Rolla, B.C, (sady loam) soil organic C concentration was greater undditl tlban under
conventional tillage at a depth af®cm in the silt loam, at a depth af2A5cm in the sandy loam, and
there were no differences between tillage systems below this depth (&tskia®99) (Table 3).
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Similarly, at Centaur in southwestern Saskatchewan, Campbell et al. (1995) reported organic carbon
increases of 21% in theW5 cm depth after 11 years of direct seeding continuous wheat. However, in the
7.515 cm depth, there wano change in organic carbon. The overall change for-1gedin depth was

only 10.5%.

Table 3. Soil organic C concentration kg’ *soil) during 1994 as affected by tillage system and soil depth

Tillage Systems Soil organic C concentration kg' 'soil)

0i25cm | 25i50cm | 5.0i75cm [ 7.5i10cm
Silt loam
Conventional tillage 33.3 31.5 30.2 25.0
Zerotillage 44.5 36.4 27.3 24.0
Level of significance *x *x NS NS
Sandy loam
Conventional tillage 22.0 24.3 20.0 20.0
Zerotillage 24.3 22.5 190 19.0
Level of significance * NS NS NS

* Denotes significant at P O 0.1; significant at P O 0.05 and NS =
Source Arshad et al (1999)

In a netill system, changes in soil organic matter are generally slow to occur especially if summerfallow

is included in the rattion. For example, at Swift Current, SK, Campbell et al. (1995) reported an organic

C concentration change from 1.75% to 1.83% under direct seeded continuous wheat between 1986 and
1994. In a direct seeded/chemical fallow wHedlbw rotation, the changeas from 1.63% to 1.60%

over the same time period. Larney et al (1997) at Lethbridge also reported greater increases in soil organic
C due to the adoption of direct seeding with continuous cropping than witfiadimp (Table 3).

2. Nutrient Availability

Nutrient availability in crop production systems is defined as the supply and absorption of chemicals
(mainlyi N, P, K and S) needed for plant growth and metabolism. Tillage can result in a number of
changes that can directly or indirectly affect plautrition. In conventional tillage systems, tillage

operations bury plant residues deeply in the soil where they decompose rather quickly, primarily through
the decomposing action of bacteria. In atiicsystem, there is no soil disturbance, plant resiceenain

at the surface, and there is less oxygen added to the soil. Decompaosition is much slower. Slower
decomposition results in an increased accumulation of organic materials and a rise in microbial biomass.

Depending upon the crop grown, residuestaionarge reserves of nutrients (Table 4). Soil

microorganisms use crop residue as a source of energy and nutrients and in doing so rekage CO

plant nutrients (N, P, K and S). Plant nutrients are incorporated into the microbial biomass or absorbed by
the plant. When the plants or microbes die, nutrients can be recycled once again (Fig.1). Thus, adding
organic matter adds energy to this system and promotes recycling.
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Table 4. Nutrient concentrations of dmarvested above ground portion chptis

Crop N P K S

Alfalfa 2.09 0.18 1.78 0.28
Barley 0.69 0.07 2.37 0.17
Corn 0.95 0.10 1.45 0.17
Oats 0.70 0.06 2.57 0.23
Rye 0.48 0.09 0.97 0.11
Soybeans 0.83 0.47 0.93 0.30
Sunflower 0.80 0.15 0.92 -

Wheat 0.53 0.05 1.42 0.19

Source:National Academy of Science 1984.
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Figure 1. Simplified Nitrogen Cycle in Agreecosystem

Nitrogen Mineralizatiori Immobilization Turnover in Ndll

Nitrogen mineralization refers to conversion of organic N to inorganic N;&dH NQ) as a result of
microbial degradation. The reverse process of conversion of inorganic N to organic N by a microbial
population is called immobilization. The processes of nitrogen mineralization and immobilization are
microbial driven and are affected by the physical and ctemroperties of the soil and especially the
carbon content of the soil and soil management practices, including tillage.

In noill systems, crop residues and microorganisms are concentrated near the soil surface and this may
have a potential for reducedineralization of soil organic N and increased immobilization of surface
fertilization application (Doran 1980; Cochran et al 1980, Kittur et al 1984). Howevertdomgstudies
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in western Canada and elsewhere have shown that initially the supply of bersbow under zertllage

with a greater immobilization of N fertilizer, which may lead to accumulation of organic matter. But, over
a period of time, mineralization of organic matter undetilhanay be equal to or greater than that of
conventional tlage (Campbell et al 1995; Campbell et al 1997; Curtain et al 1996; H#ugsmna et al.

1993; Selles et al 1984).

For example, in a lonterm (12 year) study in the Dark Brown soil zone near Saskatositl, fadow
had little effect on nitrogen availdity and the yield (Jowkin 1997).

HaugerKozyra et al (1993) studied the partitioning and cycling of labBNdJrea in a barleyallow

system in central Alberta. They showed no significant difference in total recovery of mineral and
microbial N between the tillage systems over the growing season. However, ldb¢leds 1.2 times
greater under ntll than under conventionally tilled plots. The effects of zeftage and conventional

tillage on nitraténitrogen (NQ i N) accumulation in soil areconsistent. Grant and Lafond reported
lower levels of NQT N in zero till plots as compared to tilled plots. This may be attributed to lower
mineralization in zero tilled plots. Similar results were also reported from central Alberta (Nyborg and
Malhi 198). In contrast, Campbell et al (1995) at Cantaur, SK, found no differences;in N®etween

zero tilled and conventional tilled plots in a continued wheat system, but there were increased levels of
NO; 1 N in a fallowwheat system.

Nitrogen Leaching

Nitrogen leaching is the process by which the N ins @oved downward with soil water below the
rooting zone of the crop. In the dryland agriculture systems in western Canada, the leaching of nitrogen
beyond the rooting zone under-tibbis consideredo be negligible.

Denitrification

Denitrification is a microbial process that converts;N®N gases under anaerobic conditions.
Denitrification can decrease the amount of mineral N in the soil in early spring when soils are cool and
saturated with snemelt water (Malhi and Nyborg 1986; Selles et al 1989). In western Canada, under
some situations, ntill soils have a potential to become water saturated and therefore anaeraobic. It has
also been shown that il soils contain higher populations of datfying organisms as compared to
conventionally tilled soils.

Nitrogen Uptake and Crop Yield

Because of the greater N immobilization and reduction in availablgd® under netill, crops seeded

in notill systems often require higher N applicati@tes to attain maximum vyield especially in the initial
years of moving into a rtll system. However, a study carried out in a wkatbw rotation in south
western Saskatchewan showed no significant differences in soil supplies of available hittogeanm

the tillage fallow and ndillage fallow treatments in years of below average and average precipitation. In
very wet years, however, lower nitrogen availability was observed in thi# fadlow. This may be due

to greater N@1 N losses by denitiication in netill fallow in wet years (Greves and Voroney 1985).

In Brown and Dark Brown soil zones of western Canada, soil moisture limitations are known to have
greater effects on crop production. In Southern Alberta, Lindwell and Anderson (128ihed higher
yields of spring wheat on ril fallow mainly due to increased moisture conservation compared to
conventionally tilled plots. Carefoot et al (1990) also reported similar results.
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Soil Phosphorus and Potassium Distribution

No-till systems that leave large portions of crop residue on the soil surface have a greatly reduced
decomposition resulting in stratification of immobile nutrients such as phosphorous (P) and potassium (K)
near the soil surface. Thus, zero till has the potentiatéo thle concentration and distribution of these
nutrients in the soil profile. Studies in western Canada have shown ttititsgetems coupled with

broadcast or seed placed nutrient have led to the accumulation of available hdhd 8 5 cm depth

and a depletion of available P and K deeper in the soil p(@ilant and Bailey 1994;upwayi et al

2006).

Selles et al (2002) at Swift Current, SK, hatewn that 12 years after converting from conventional till
wheatfallow to natill continuous what, forms of P easily available to the crop accumulated in the
surface 65.0 cm layer. In naill fallow-wheat or the conventional wheat, the concentration of available P
was uniform in the top 10 cm of the soil profile. Althousghl P and K was found @ccumulate near the
surface in ndill fields, no negative impaain crop production was recorded in these studies due to this
nutrient distribution (Selles et al 2002).

Grant and Lafond (1994) evaluated the effects dillage on P and K distributiont &ndian Head, SK.

They found nalifferences in P and K levels in the soil profile between zero, minimum and conventional
tillage systems. In this study, soil samples were collected fromittedn, 51 10 cm and 10 15 cm

depths and nitrogen was midw banded on 32 cm (16 inch) centers, while the P, K and S fertilizers were
placed in seed rows spaced on 20 cm (8 inches) centers. In anoth@rtan(§ years) tillage study on
solonetzic soil near Vegreville, AB, Malhi et al (1992) also found no effieiifage systems on the
distribution of P and K levels in the soil.

3. Soil pH

pH is a useful soil quality indicator because it influences nutrient availability, organic matter decay and
nutrient release. It also influences the activity of microorgagism

In continuously cropped, zero tilled fields, there is a potential for soil pH to decline. This may be related
to the fact that in zero till fields, fertilizer is usually placed near the soil surface and conversion of N
fertilizer and soil organic matdt to nitrates is an acidification process (Boehm 2004). Studies associated
with longrterm netill and changes in soil pH are very limited in western Canada. In the grey wooded soil
in the Peace River region of Alberta, afteryHars of netill there wasa 26% increase in soil carbon

relative to conventional tillage and 0.5 units decline in soil pH (Arshad et al 1990).

4. Soil Aggregation

Soil aggregates are an important indicator of soil health as they influence the soil tilth, extent of sail
erosion, nutent release, soil moisture availability, biological activity in the soil and root growth. Soil
aggregates are clumps of soil particles held together by moist clay, organic matter and by organic
compounds (from bacteria and fungal hyphae). Aggregatdsraned by drying, root penetration;
freezing and then stabilize by clay minerals attraction and organic matter.

Aggregates can be divided into mieaggregates (< 250 um in diameter) and maxggregates (> 250

pm diameter). A welbggregated soil has godilth; a large number of watetable aggregates and pore
spaces, and good water infiltration and water movement. The size of the aggregate plays an important role
in the erosion potential of the soil. Aggregates with diameters less than 0.5 mm gpéldadocawater
erosion, and wind can erode aggregates less than 0.84 rtili. s more water stable aggregates than
conventional tillage.
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Crop residue in naill systems benefits wet aggregate stability. Dormaar and Lindwall (1989) have found
more wder stable aggregates and remodible dry aggregates (> 0.84 mm) withtillctreatment than

with blade cultivated and heanduty cultivator treatment in drland studies of continuous wheat, wheat
fallow, wheatbarley-fallow rotations in southern Albertén another 25ear continuous wheat study in
Saskatchewan, all four different fall treatments reduced the fraction egnodible soil aggregates when
compared with straw chopped and left on the soil surface (Nuttall et al 1986). Biederbeck et ah(4980)

20 year study also found that wet aggregate stability was reduced a lot in plots where crop residues were
burned annually as compared to plots where crop residues were chopped and left on the soil surface.

Several studies in Canada have shownuliatls of about 28 kmhwill erode a soil in which 60% of
particles are less than one mm in diameter to a depth of 2.5 cm. Anderson and Lindwall (1981), in
southern Alberta, have shown that all summerfallow treatments had a relatively high propoitien of f
soil particles at the end of the summerfallow season and before seedbed preparation. However, the
presence of adequate quantities of crop residue with most fallow treatments reduced the risk of soil
erosion by wind despite a high proportion of fingisegates (Table 5).

Table 5.Crop residue and soil particle size, 1968976

Treatment Crop residue (kg hg % Residue| % of soil particle < Imm diam.
After harvest | Before seedbe( conserved| After fallow Before seedbed
preparation tillage in fall | preparation in spring

B 3473 1484 43 52 54

oW 3544 169 5 46 53

FB/H 3636 2151 59 - -
FB/H/FB 3694 1727 47 46 52

H/FB 4040 1916 47 47 49

SB/H 3542 1727 49 56 57
SOW/H 3554 787 22 - -

H 3798 2558 67 _ -

’ Denotes B= Blade cultivation (MdySept); OW=oneway disc (Mayi Sept); FB/H= Blade cultivate after harvest/Herbicide (M3agpt);
FB/H/FB= Blade cultivate after harvest/Herbicide (M&ept)/Blade cultivate (Oct); SBH= Blade (May/June)/Herbicide (ddpt).
Source Anderson and Lindwall (1981)

Studies comparing the effects of tillage on aggregate stability and aggregate size in western Canada are
limited. Franzluebbers and Arshad (1996), studied the distribution and soil organic carbon of five water
stable aggregate classes at depths5,060125, and 125800 mm in a loam, a silt loam, a clay loam,

and a clay soil managed forl$ yr under conventional shallow tillage andtitiin the Peace River

region of northern Alberta and British ColumbiaaWtstable aggregation improved undertilb

compared with conventional tillage in coarse textured sails depth of 125 mm. This is probably
becausenore soil organic C is sequestered within maaggregates under #il compared with

conventional tillage.

5. Bulk Density

Soil bulk density (theveight of the soil per unit of volume) and penetration resistance are also good
indicators of soil health. These two variables provide information on soil compaction, macropores, and
water and air movement in the soil for root growth. Bulk density isrgahg related to pore spaces (how
many pore spaces are left in the soil for air and water movement).

Optimal bulk density is different for different soil types, and is related to soil properties such as texture,
organic matter, soil structure, and claytent. High bulk density (low porosity) is associated with
reduced aeration and increased penetration resistance, limiting root growth and development. In cool
temperate regions, soil bulk density varies from year to year due to freezing and thawing,tsettl
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desiccation, and the kinetic energy of rainfall, and loosening by root action and soil microbe activity.
Tillage also has an influence on bulk density. Over the-tenm, netill has higher organic matter, and
this may lower the bulk density; howay in the shorterm, netill may increase bulk density. Bulk

density that limits root growth is dependent upon soil water content and ranges from 1%iM@‘a§1ey
soils t01.60 Mg/rhin sandy soils

Studies comparing soil bulk density betweertiied and tilled fields are contradictory. In most of the
studies, bulk density was greater in the fir§tl® cm of soil (Grant and Lafond 1993; Franzluebbers et al
1995; Unger and Jones 1998; Lindwall et al (2008). In a-teng study at Indian Head, Saskawan,

Grant and Lafond (1993) and Lindwall et al (2008) have shown that bulk density was greater in the first O
T 10 cm of soil, and there were no differences in bulk density beyond this depth (Table 6).

Table 6.Effect of tillage practices on bulk detysat Indian Head, Saskatchewan

Depth Zerottill Zerottill Zero- till Fallow crop | Conventional
Bulk (5yr) (10 yr) (13 yn Rotation tillage
Density 0-10 cm 1.195p 1.13p 1.275 1.10p 1.10p
(Mg/m3) 10-20 cm 1.364 1.274 1.484 1.324 1.334
20-30 cm 1.42 140 1.42 143 1.36

Row numbers with similar subscript letter or letters are not significantly different at P=0.05
Source:Lindwall et al (2008)

In another study at Indian Head, Saskatchewan, Grant and Lafond (1993) compared thaditylk d
between native grassland and short and-tengn natill soils. Native grassland has lower bulk density in
the top Of 15 cm of soil as compared to both short and{tmngn zero till soils. Shotterm zero tilled

soils also have higher bulk density compared to loratgrm zeretilled soils (Table 7).

Table 7.The effects of the length of #tdl on bulk density relative to native prairie forf QL5 and 15 30 cm sail
layer

Depth Native Longterm zeretill | Shortterm zrotill
Bulk Density 07 15cm 0.99a 1.40b 1.47c
(Mg/m3) 157 30 cm 1.34a 134 a 1.38a

Row numbers with similar subscript letter or letters are not significantly different at P=0.05
Source Grant and Lafond (1993)

In a longterm (6years) study at Innisfail (Blaodkhernozem) and Rimbey (Gray Luvisol) Alberta, Singh
and Malhi (2006) evaluated the effects of tillage and residue management on bulk density, penetration
resistance, aggregation and infiltration rate. They found bulk density ifi Th& &nd 7.515cm dephs

was significantly greater under +tilage plots (1.181.58Mg m' § than under tilled plots (0.99

1.41Mg m' § in both soils irrespective of residue management. In both soils, penetration resistance was
also greater under rtdled plots than under tilled plots to £Bn depth. Residue retention significantly
reduced peetration resistance of thé& 10 cm soil in netilled plots but not in tilled plots.

Some studies have found no difference in bulk density betweeii neromum fllage and conventional
tillage (Bruce et al 1990Lal et al 1999). In other studies no éifénces were observed between tillage
systems (Arshad et al 1999; Carefoot et al; Miller et al 1999; and Cheng and Lindwall 1989), while in
other studies, there were no differences in bulk density (Moran et al 1988; Pikul and Asae 1995).
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6. Compaction

Measurements of compaction include penetration resistance (the amount of force required to push a
standard diameter rod into the soil), and bulk denbitportant factors affecting soil compaction are
implement traffic, soil water content and bulk dens8oil texture, organic matter and surface roughness
may also play an important part in compaction. Soil compaction affects root growth and movement of
water and air within the soil.

In noill, the tillage process does not disturb the channels ares fimm root growth and from insect and
worm activity in previous years. The pore system is left more intact, leaving continuous macropores,
through which the roots may grow, or which may act as channels for possibly better air and water
movement (Grantral Bailey 2004). In naill, bulk density and penetration resistance are higher as
compared to conventional tillage, especially in the upper 15 cm (Singh and Malhi 2006). However, in the
deeper soil zones (1545 cm), there are no significant differendepenetration resistance between no

till and conventional tillage [(Table 3) (Grant and Lafond 1991). Therefore, the negative effect on root
growth due to increased penetration resistance in the surface soil laydilimay be inconsequential.

Table 8. Effect of tillage on penetration resistanceji&fter winter wheat production, averaged over three soil
depths and 3 crop rotations

Denth Tillage system
Penetrat epth (cm) No-till Minimum till Conventional till
enetration e
resistancéKP,) 0 |" 15 1094 1024 955
157 30 2130 2222 2231
3071 45 3245 2231 3227

Source: Singh and Malhi (2006)

7. Porosity

Pore size distribution and pore continuity plays an important and direct role in the root growth processes
by determining the soil volume filled with air andter (aeration) and indirectly the root resistance to soil
penetration. Large pores have poor retention for sustaining plant gitdaribn et al., 1990whereas

smaller pores have limited aeration and may form a crust that limits plant emergencea h&o cause
reduced infiltration and increased run(ffillel, 1982).

Tillage can affect water retention characteristics. Conventional tillage altars the soil and pore structure; in
turn, these affect soil water retention. In contrasttilhmaintains the soil structure and optimizes the soil
porosity.

There are limited studies in North America comparing the effect of tillage on poiDsigs et al. (1994)
found that in ndill systems, extensive biological activity resulted in a greater meaegajgrsize and
increased pore size compared to those in conventional tillage systems. Lal et al (1994) found more
continuous pores and a higher volume of pore space-itlage soil than in tilled soils. Ahad et al

(1999) also showed higher suiliterretention in zerdillage plots compared with tilled plots with few
changes to bulk density due to redistribution of pore size classes into more small pores and fewer large
pores.

8. Plant Available Water Holding Capacity

On the Canadian Prairies, pretgtionincreases from <350 mm in the Brown soil zone to >475 mm in
the Black and Gray soil zones. Evaporation also decreases from the Browtaytls®il zones and,
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therefore, the annual water deficit decreds®a about 400 mm in the Brown soil zomelittle or none in

the Gray soil zones. Mean annual temperature, wind speedfrieperiod, and annual growing degree

days (>5°C) also decrease freputh to northwest (Table 8). In the Brown and Dark Brown soil zones,
growing season moisture deficéan be limiting and affect crop productivity (Boehm 2004). The wheat
fallow system in the drier regions of the Prairies is designed to conserve moisture, but tillage intensive
fallow is undesirable, as it contributes to soil erosion. Mininiuma-till systems, including chemical

fallow systems, leave most of the standing stubble and crop residue on the soil surface and improving the
water retention capacity of soil (Nyborg and Mahli, 1989; Carefoot et al 1991).

Table 8. Soil zone, temperature, precigdibn, potential evaptranspiration and moisture deficit for select Research
Station locations on the Canadian Prairies.

Location Soil Precipitation Evapo Water | Temperature, Wind Frostfree Growing
zone (mm) transpiration| deficits” (°C) (km HY) | period degree days
) (mm) (days) (>5°C)
(mm)
Swift Brown 334 729 395 3.3 22.8 117 1675
Current
Scott Dark 355 635 280 1.0 14.5 96 1442
Lethbridge | Brown 413 681 268 5.0 20.4 116 1689
Indian Head | Black 427 607 180 2.0 15.8 110 1633
Lacombe 411 506 95 0.3 154 93 1468
Melfort 443 508 65 2.1 10.9 99 1334
Brandon 481 630 145 1.9 16.3 104 1705
Beaverlodge| Grey 467 470 3 1.6 12.2 105 1221

Potential evapotranspiration, calculated estimate of water use by crop and loss by evaporation
Water deficit = pregiitationi evapotranspiration

Numerous studies on the Canadian Prairies have shown that soil moisture and moisture use efficiency
tend to be higher under #idl systems than under conventional tillage. In Alberta, Larney and Lindwall
(1989), in a longerm study near Lethbridge, investigated the performance of winter wheat under
conventional, minimum and rdl in monoculture and in ¥ear rotations with fallow, canola or

lentils/flax. They found that ntll had relatively little impact on available wex to 1.5 m depth.

However, once the experiment had been established Toydars, available water in theld cm depth

under winter wheat in spring was greatest undeilh&imilarly, Arshad et al (1999), in ayear

rotational study, near Beaverlaglghas shown greater soil water content of the surfidzei® under no

till than under conventional tillage. The volumetric surface soil water in zero till plots was
03+0.02m' *higher.

Wang et al (2004) investigated pgeeding available soil moisturehree Hills, Alberta. They found no
till treatments consistently had higher ({183 mm) soil available moisture at6d cm depth than
conventional treatments. Treatment differences were smallerE2@G6m (Table 12).

Howard et al (2005) at Fort Sagkhewan Alberta, showed higher psseding soil moisture in rdled
plots as compared to conventionally tilled plots during the earlyestgblishment phase; the differences

in soil moisture content lasted till mid June (Table 10).
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Table 9. Preseeding available soil water at Three Hills (2002003)

Preseeding available soil water
Year Treatment 071 60cm | 6071 120 cm
mm

No-till 161 a 119 a
2000 Conventionalitl 126 a 117 a

No-till 141 a 133 a
2001 Conventional till 131 b 112 a

No-till 140 a 116 a
2002 Conventional till 120 b 132 a

No-till 200 a 181 a
2003 Conventional till 182 b 157 a

*Mean followed by a different letter are significantly differanthe 0.05% level of probability
Source:Wang et al (2004)

Table 10.Postseeding available soil water at B0 cm depth at Fort Saskatchewan (1997)

Available soil water during early crop establishment phase
Treatment June 6 June 17 June 26" July7
Mean Change/day Mean Change/day
No-till 22a* -05a 2l a -0.6
Conventional till 23 b -04b 2l a -0.6

*Mean followed by a different letter are significantly different at the 0.05% level of probability
Source:Howard et al (2005)

The incrased soil moisture during the pgeeding and early peseeding crop establishment phase in no
tilled seeded fields is probably related to crop residue leveklsilldoop production systems retain most
of the crop residue on the soil surface wherekigsdonger to decompose than when it is buried. The
increase in residues keeps the soils cooler and moister throughout the growing season.

In Saskatchewan, Lafond (1993) at Indian Head has shown higher spring soil moisture under zero
minimum tillage tharunder conventional till (Table 11).

Table 11.The effects of tillage systems on total spring soil water (cm) averaged over 4 years.

. Tillage system
Crop Soil Depth No-till | Minimum | Conventional
(cm) | - Spring soil water (cm)------------------
Field peas 0'|'" 30 11.7 11.8 10.1
3071 60 10.5 10.9 9.5
6071 120 20.3 21.6 19.7
07 30 11.7 11.3 10.5
Flax 3071 60 11.0 10.7 9.5
6071 120 20.4 19.9 18.9
07 30 11.3 11.4 10.5
Spring wheat 307 60 10.8 10.3 10.1
6071 120 20.3 19.1 19.6

Source Lafond (1993)

Recently, Lindwall et al (2000) have summarized a {m1g study (1dyear: 1987 1997) on the effects
of various nétill cropping systems on available soil moisture and water use efficiency at Indian Head,
Saskatchewan (Table 1Jhey found that the type of stubble had the largest influence on soil water
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conserved, irrespective of the tillage system used. For instance, in the case of field pea stubble, the
amount of water stored is similar between the three tillage systems éetdhs inability of this stubble
to trap snow.

Table 12.The effects of tillage systems on soil water conserved and used, total water used, grain yield and water use
efficiency in field pea, flax and winter and spring wheat on different stubbles.

Field peas
Tillage system | Spring Soil | Soil Water | Rain (cm) Total Water | Yield Water Use
Water Used (cm) Used (cm) | (kg/ha) Efficiency
(cm) (kg/ha/cm)
Zero 24.0 9.1 21 30.0 2348 85.3
Minimum 24.2 8.9 21 29.8 2352 83.1
Conventional 22.3 7.0 21 27.9 2192 80.9
Contrast
ZT+MT vs CT *x * - * ** ns
Flax
Zero 24.2 9.5 21.3 39.9 1642 54.8
Minimum 24.1 9.3 21.3 30.6 1646 55.4
Conventional 22.7 8.2 21.3 29.6 1479 50.4
Contrast
ZT+MT vs CT *x | * | - | *x | * |
Spring Wheat on Fallow
Zero 26.2 16.3 20.3 36.5 2883 80.3
Minimum 26.0 16.0 20.3 36.3 2768 78.3
Conventional 26.1 15.8 20.3 36.1 2868 86.0
Contrast
ZT+MT vs CT ns ns ns ns ns ns
Spring Wheat on Field Pea Stubble
Zero 22.9 10.4 20.3 30.6 2334 78.7
Minimum 236 10.5 20.3 30.8 2522 81.9
Conventioral 23.0 10.9 20.3 31.1 2449 78.8
Contrast
ZT+MT vs CT ns ns - ns *x ns
Spring Wheat on Cereal Stubble
Zero 24.3 9.8 20.3 30.0 2190 73.8
Minimum 23.4 9.2 20.3 29.4 2212 75.1
Conventional 22.8 8.2 20.3 28.5 2026 71.3
Contrast
ZT+MT vs CT *x i - *x *x ns

* ** = Significant at the P=0,05 and P=0.01 levels, respectively; ns = not significant
Source:Lindwall et al (2000)

9. Water Infiltration

Water infiltration is also a good indictor in assessing soil health. Water infiltration influgnecbalk

density, aggregation, macroporosity, surface crusting and restrictive layer (soil pan) in the soil (Grant et al
2004, Boehm 2004). It has been shdhex after 7 years, improved physical and chemical condition of

the soils in ndill crops, resusin higher water infiltration rate in both dry and wet soit&k(l and Aase

1995). Increasedater infiltration generally increases nutrient movement through the soil and also yield
potential and nitrogen availability due to increased mineralization.

X
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10. Soil Temperature

Available information from western Canada seems to indicateltinatg the spring preand posiseeding
soil-warming phase, soil temperatures for direct seeded soils can be abdaiegrees C lower than in
conventionally tilled soilsThe cooler soils under direct seeding are mainly due to the crop residue layer
on the soil surface. Thicker residue layers result in slightly cooler soil temperat@.8sand 5.0 cm
depth(Froebel and Howard 1999). Wang et al (2007) in a 4 year stud@in Black Chernozemic clay
loam at Three Hills, observed consistently lower soil temperatures at 5 and 10 ciillitrestments

than in conventionally tilled treatments during the whole growing season each year (Table 13).

Table 13.Mean soil terperatures at the vegetative stage, ear development stage, and grain growth stage of wheat
under no till and conventional tillageThree Hills

Soil temperature

Vegetative stage Ear stage Grain growth stage

Treatment 5cm | 10cm 5cm |  10cm 5cm |  10cm
iC

2000
No-till 10.9a 10.2a 15.0a 14.7a 18.3a 17.9a
Conventional 11.3b 10.8b 15.6b 15.2b 19.3b 18.9b
2001
No-till 12.1a 11.2a 14.7a 14.3a 18.2a 17.7a
Conventioral 14.2b 12.6b 15.8b 15.3b 19.1b 18.6b
2002
No-till 11.2a 10.4a 17.0a 16.3a 19.7a 19.4a
Conventional 12.6b 11.8b 18.7b 17.6b 21.6b 20.8b
2003
No-till 14.5a 14.5a 16.9a 16.9a 19.0a 19.0a
Conventional 15.8b 15.5b 18.1b 17.8b 20.6b 19.8b

"Means folbwed by a different letter are significantly different at the 0.05% level of probability
Source:Wang et al (2007)

Soil Temperature and Heat Stress Index

Heat stress occurs when air and soil temperaturdsgrer than optimum for maximum grain yielada

it affects both root and shoot development. Heat stress on shoots affects wheat grain growth, resulting in
immature kernels, while heat stress on shallow roots affects the whole plant by altering thedfalance
photosynthates (products of photosynthegsaatitioned to the roots and shoots. Sugpéimal soil

temperatures amore detrimental than air temperature for root and shoot groviahg et al (2007) have
calcul ated a heat s tTiiels),wherehi i thatenpetadure)for each hourthfdl =
Tcis the critical temperature of 2C. HSI was cumulative wheflé was greater thamc during the

growing season. The calctdal HSI was higher for the conventional tillage treatméras indication of

more crop stress (Table 14). The cumulative HSI undéilineas about half that under conventional

tillage over the growing season (ranged from 0.33 to 0.70).

Heat Stress Indeand Cereal Yield

Wang et al (2007) have found grain yields were always higher undélage than conventional tillage,

and they were statisticallyigher in three of the four years of the study period (Table 16). The advantage
was greater in the twdrier years (44147 % greater in 2000, 2002) than in the two wetter yeai8 @
greater in 2001, 2003). Over the four years, an extra 26 bu/ac of wheat was produced uneldtaitpe no
system. There was statistically more biomass production in thtbe @dur years. The differences in
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biomass (grain+straw) were greater than the difference in grain yields. In fact, over the four years, an
additional 2400 Ib/ac of straw was produced witktifigractice (Table 14).

The results reported in this studse in agreement with other grain yield and economic studies carried out
in western Canada.

Table 14.Mean soil temperatures at the vegetative stage, ear development stage, and grain growth stage of wheat
under no till and conventional tillageThree Hlls, AB. (20007 2003).

Treatment Heat stress index Biomass Grain yield
5cm | 10cm

—————— < kg/ha kglha |  bul/ac
2000
No-till 592a 185a 6936a 2323a 34.6
Conventional 851b 433b 3351b 1608b 24.0
2001
No-till 610a 235a 7307a 2235a 33.3
Conventional 1280b 706b 5506b 1895b 28.2
2002
No-till 1278a 896a 4090a 966a 14.4
Conventional 2402b 1698b 1574b 391b 5.8
2003
No-till 275a 357a 6446a 2764a 41.2
Conventional 785b 540b 6361a 2676b 39.9

Mean followed by a different letter are significantly different at the 0.05% tevygrobability
Source:Wang et al (2007)

11. Biological Properties

The soil contains large populations of bacteria, fungi, algae, nematodes, earthworms, soil dwelling
arthropods, and cryptozoic invertebrates. These organisms interact in a very compléihvtig

environment affecting the decomposition of organic matter, nutrient cycling and other soil processes. For
example, activities of these organisms can affect the stability of soil aggregates, porosity, structure, tilth
and productivity of the soil.

Tillage practices affect a number of soil processes that, in turn, affect the community structure and
dynamics of soil microorganisms. Conventional tillage breaks soil aggregates, exposing organic carbon to
microbial attack, and results in increased degosition of soil organic matter. Tillage also breaks the

fungal hyphae and consequently bacterial populations are dominant in the soil. Convertiiely, no

preserves the soil aggregates; these in turn protect organic carbon from microbial attacks;esuidt ke

less carbon loss. Fungal hyphae in the soil are relatively undisturbed, and fungal populations are
dominant.

There are few studies in western Canada on the effect of tillage and crop residues on soil microbial
populations. In nill, almost al the crop residues are on the soil surface keeping the soil moist and
cooler; this in turn increases microbial biomass, counts and diversity as compared to conventional tillage
where crop residues are either incorporated in the soil or removed (DorénBi@8@rbeck et al (1980)
compared the short and lotgrm effects of burning of cereal straw as compared to leaving it

undisturbed. They found that burning caused dramatic reduction in microbial populations in the soil.
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Shortterm changes in tillageractices have little or no influence on the soil microbial populations. Carter
and Rennie (1982) in western Canada found no difference in microbial biomass betwi#emdadilled
treatment after 2 years but did find significant differences after 4&year

Lupwayi et al (1999) studied the effects of tillage on soil microbial biomass in various crop rotations in
Gray Wooded Soils at Fort Vermillion, Alberta. &t plots in the top 8 cm had significantly higher soil
microbial biomass and bacterialdrsity than conventionally tilled plots

In recent years, glyphosate resistant crops have become common on the Prairies, and this has raised
concerns about their affect on soil microorganisms. Lupwayi et al (2007) evadoateitrobial
biomasspacteral functional diversity and community structure, and dehydrogenase enzyme
activity in glyphosateesistant wheatanola under ntill and conventional tillage systems. In

five of 20 siteyears, soil microbial in the rhizosphere was greater under convahtiblage than
under netill, regardless of glyphosatesistant crop frequency. In bulk soil, tillage affected soil
microbial biomass in five sitgears, three of which had greater soil microbial biomass under
conventional tillage than roll, and viceversa in the other two. Tillage affected the functional
diversity of soil bacteria in the rhizosphere in three-gitars, but the effects were not consistent.
There were no tillage effects on bacterial diversity in bulk soil. Dehydrogenase enzymyg activit
was greater under rdl than under conventional tillage in three of four cases in which tillage
had significant effects. Overall, tillage and glyphosasstant crops had minor and inconsistent
effects on soil microbial biomass, bacterial diversitgd dehydrogenase enzyme activity.

Mycorrhizae

The mycorrhizae (root fungi) live either on or in plant roots. According to the infection anatomy they can
be classified into two major groups: ectomycorrhizae (intercellular hyphal infections) and
endomycerhizae (intracellular hyphal infections). Endomycorrhizae are the most common type and are
commonly referred as vesicular arbuscular (VA) mycorrhizae or VAM fungi. Mycorrhizae increase the
uptake of water and nutrients, especially phosphorus. They alsasea biological control of root
pathogens. Roots colonized by mycorrhizae are less likely to be penetratedfi@eding nematodes

since the pest cannot pierce the thick fungal network.

Tillage has a detrimental effect on mycorrhizae colonizaiétiM fungal populations decrease more
under tilled soils than in Roll soils and can have serious consequences on P uptake and plant growth
(Clapperton et al 1997a).

Earthworms

Earthworms play a role in the formation of soil and decomposition of aittues. They are known to
improve soil aeration, infiltration, fertility and soil conditioning. In an untilled soil environment, they
maintain extensive burrows. Studies in the United States have shown thdillisaits earthworm

numbers increase kas much as 60% compared to tilled soils (Parmelee, et al 1990). Intion{25

year) study near Lethbridge, Albe@apperton et al (1997b) and Clapperton and Lee (1998) found that
there were there were significantly more earthworms undéil tiean under conventional tillage.
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IV. Concluding Remarks

Tillage practices affect the soil qualities in a complex waytiNoretains large qualities of residyes

resulting in an increase in organic matter content, improved soil structure, bufferethpeilarires, and
allows soil to hold more water. All these changes regulate plant growth processes and crop yields. Some
of the important effects of rtill on soil qualities are:

 Increased soil organic matter: 2.9 + 1.3 M§'ka'*

1 Increased availabldgnt nutrients: increase in mineralizable N.-tlbalso increases N

immobilization. However, N NOsor "available" nitrogen levels are not affected bytiloP and K

levels also increase under-tilb

No-till soils have higher microbial biomass

Improved physical qualities: noll soils resulted in greater aggregate stability and/or aggregate size

distribution, decreased soil compaction, improved soil tilth and structure les$f amd increased

water infiltration, and soil moisture contents.-Nb soils also have greater bulk density in the surface

horizon (310 cm)

1 Nottill soils have moderate soil temperatures and significantly less heat stress as compared to tilled
soils throughout the growing season.

=a =
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l. Introduction

During the late 70s and early 1980s, extended drought periods, together with intensive and unnecessary
tillage resulted in severe wind and soil erosion problems on the Canadian Prairies (Lindwall 2005).
Research on the Great Plains of North America has shown that at ledsh 1onnes of crop residue on

the soil surface is required to minimize wind and water erosion, and standing and anchored residues are
about four times more effective than flat residigserosion control. During the 1970s, the trend towards
larger farms and the introduction of new agricultural products such d@acmiporated herbicides on the
prairies caused substantial increases in soil erosion, and this increased public awéssiess

conservation research among farmers and various levels of government.

There were several approaches suggested to reduce erosion: (1) increase minimutiilaf) no

increase annual cropping intensity with diversified rotations, (3) decreaseestatiow and have a
corresponding increase in chemfallow, (4) increase strip farming, (5) use marginal land for forage
production, and (6) use windbreaks and/or shelterbelts and grassy waterways. The main focus of these
conservation efforts is to keep theil covered with crop residues to minimize wind erosion and trap as
much snow as possible during winter to conserve soil moisture. Recent advancsgéueairtechnology

and the drop in glyphosate prices due to patent expiry have made these comspraatioes more
economically feasible for farmers.

At present, over 50% of Canadian Prairie farmers have adopted conservation tillage praectittes (no

43%, minimum tillage: 28%), and reduced fallow (60% reduction in summerfallow). In addition, fmost o
growers are also implementing the abonentioned soil conservation practices (extended crop rotations
inclusive of perennial forage legumes, marginal land for forage production, etc.) on their farms to reduce
wind and water erosion. As the result ofsbefforts, only a small but substantial proportion of

agricultural landn the CanadiaRrairies is now susceptible to soil erosion (Table 1 and Table 2).

Table 1. Agricultural land subject to unsustainable water erosion (%)

Year British Columbia Prairies Ontario and Quebec Atlantic Canada
1981 44 29 35 41 30
1991 41 23 32 41 25
1996 44 12 31 40 15

Source: Environmental Sustainability of Canadian Agriculture: Report of the-Bgsironmental Indicator Project. Agriculture andrikFood
Canada. 2000

Table 2 Reduction in actual water erosion risk per hectare from 1981 to 1991

Province Cultivated landn Resulting from Resulting from Total
1991 (HA) cropping practice| tillage practice
Erosion reduction per hectare (%)
Alberta 11.06 5 8 13
Saskatchewan 19.07 5 3 8
Manitoba 5.06 6 9 15
Prairie Provinces 35.19 5.3 6.6 12

Source: Modified from Wall et al, 1995
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[I.  Soil Conservation Practices on the Canadian Prairies

Since the1980s, growers and various levels of governmeahedprairies have made significant progress
to reduce water and wind erosion. As a result, a significant portion of Prairie farmers reported using one
or more erosion control practices on their farms in 2006.

1 Notill was used on 50.3% of seeded acres

1 Reduced tillage was used on 26.4% of seeded acres

1 Chemical fallow was used on 38% of the ideal acres

1 On 39% of farms, there was a reported use of a forage based rotation system on some of the crop

land

1 On 4% of farms, there was a reported usd@fvimg-downof green crops (green manure)

1 On 5% of farms, there was a reported use of winter cover crops

1 On 27% of farms, there was a reported use of rotational grazing

T On 19% of farms, there was a reported useintiereaks or sheltdoelts

1 On 7% of farms, thereas a reported use of grassed waterways

Figure 1. Percentage of farms reporting soil conservation
practices: 2006 Agricultural Census Data
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lll.  Soil Erosion

Wind and water erosion are major threats to the-teng sustainability of farming on much of the
Canadian Prairies. Since the 1930s, cropping practices using tillage and use of fallow tigve grea
accelerated the process of erosion. Erosion reduces the soil productivity via its effects on soil qualities
(Coote 1984, Sparrow 1984). Eroded soils generally are coarse, have high bulk density, poor tilth,
reduced organic matter, low nutrient avail&piand reduced water holding capacity, these all result in
reduced crop yields (Dormaar et al 1986). The average annual soil loss due to wind erosion on the
Canadian Prairies is estimated to be about 160 million tonnes per year (Sparrow 1984). Tlvh Resear
Council of Canada (1986), indicated that annual losses associated with soil degradation cost $1.3 billion
($50.00 $62.00 per acre of agricultural land) in Canada, and this figure would increase to $2.0 billion a
year by 2000, as of writing, this estitedhas not been substantiated in any reports Also in western
Canada, Rennie (1986) estimated the annudhon costs of soil erosion to be $430 million.

There are three types of soil erosion.
1. Wind Erosion

Wind erosion refers tde process of detachmte transport, and deposition of soil by windpliysically
removes the fine sand particles (0.Q2.5 mm), organic matter, and nutrients from the topsoil resulting in
reduced soil quality. In addition to this-site impact, wind erosion can reduceauality during

extreme erosion events and also reduce water quality if windblown sediments are allowed to drift into
streams and lakes. Factors that increase the risk of wind erosion include sparse crop residue on the soil
surface, strong and sustained @sr(> 20i 40 km/h at 30 cm), turbulence, dry and hot conditions and
increases in the freeze and thaw cycle. The distribution eErmdible aggregates also affects the wind
erosion risk.

On the Canadian Prairies, intensive tillage along with traditeun@merfallow has contributed to high
levels of wind erosion, especially in drier parts of the Brown and Dark Brown soils zones.

a. The Wind Erosion Equation
The Wind Erosion Equation (WEQ) generally estimates wind erosion risk:

WEQ isk =f (IKCLV), whete:

E = Estimated average annual soil loss expressed in tons per acre per year

| = Soil erodibility factor

K = Saoil ridge roughness factor

C = Climatic factor

L = Equivalent unsheltered distance across the field along the prevailing wind erosion direction
V = Equivalent vegetative cover

b. Wind Erosion Risk

Using the WEQ and other wind erosion indicators, Padbury and Stushnoff (2002) estimated that
approximately 30% of cropland in western Canada is subjected to unsustainable levels of wind erosion.

Agriculture, Food and Rural Development (2005), using the existing soil landscape of Canada polygon
(SLC), wind speed, soil resistance to movement and available moisture information, have developed a
comprehensive wind erosion risk map for the province (Figur&c®prding to this map a substantial

portion of land in the Brown and Dark Brown soils are at risk of wind erosion. In western Canada, studies
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evaluating the effect of tillage system on wind erosion risk are limited. Larney et al (1994) near
Lethbridge, Allerta, evaluated the fallow management effects on wind erodibility. Five fallow systems
were compared:
9 Two to four passes of a oy disk, heawduty cultivator or wideblade cultivator
(conventional fallow)
1 Minimum tillage (herbicides plus one pass afl@/blade cultivator in fall)
1 Nottill (herbicides only, chemical fallow).

There were several major findings of this research:

1 A strong relationship exists between tillage intensity and residue cowill dmnserved the
highest amount of residue.

9 A substantial increase in the erodible fraction from fall to spring. This was due to freezing
thawing, wettingdrying and freezingirying which caused ovewinter aggregate breakdown

9 Little effect in the fall when ongvay disk and heawguty cultivator tretments relied solely on
the presence of neerodible clods to protect the treatments from wind erosion because they had
less than the critical limit of surface residue (1.12 t/ha). However, in spring, there was a slight
erosion risk as they approached thitical 60% erodible fraction value (Figure 3)

1 The blade cultivator, minimum tillage and-tithtreatments had the best combination of residue
and nonrerodible clods in the fall. However, in spring, these treatments were protected solely by
residue coveas the erodible fraction increased to greater than 60% due toviter breakdown

(Figure 2).

® One-way disk

®  Heavy-duty cultivator
A  Blade cultivator

80 T T T T

v Minimum tillage
*® Zerotillage

,
’
No erosion protection S
‘
'
.

Erodible Fraction, %

1 = 1

Residue preventing erosion

40 I+ Fall Residue + clods -
| preventing erosion
Clods preventing erosion 1
30 i 1 i 1 1 i 1
0.0 0.5 1.0 1.5 2.0

Surface Residue in Spring, t/ha

Figure 2. Fallow managemerind overwinter effects on wind erodibility
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2. Water Erosion

Water erosion refers to the detachment, transport and dispodifiarrosoil particles, organic matter and
nutrients. Water erosion is a concern because it reduces water quality if these particles are carried into
nearby streams and other water bodies. Factors that increase the risk of water erosion include the amount
and intensity of rainfall, the erodibility of soil, slope length and steepness, snow melt, partially frozen

soils, wet conditions, freeze and thaw cycles, cropping and management factors, and erosion control
practices.

a. Water Erosion Equation

In Canada ad the United States, researchers us&Jthigersal Soil Loss EquatiofySLE) to calculate
soil loss by water erosion as a function of five factors:

A=RXxXKXLSxCxP

Where:

A = annual soil loss (tons/alyr) or (tonnes/ha/yhis is the amount, vith is compared to the "tolerable
soil loss" limits.

R = erosivity of rainfall and runoff, the higher the intensity and duration of raitff@llhigher the erosion
potential.

K = soil erodibility factor

LS = the slope lengtgradient factor

C = crop/veayetation and tillage factor.

P = erosioncontrol practicesthis reflects the effect of practices that reduce the amount and rate of the
water runoff and thus reduce the amount of erosion.

b. Water Erosion Risk

Shelton et al 2000, usiriche Universal SoiLoss EquatiofUSLE) and its derivative$iave predicted

average annual soil loss rates by water erosion on the Canadian Prairies (TAadder8ling to this

model, in 1996, the Prairie Provinces had 87% of cropland area at a tolerable water erositis nigks

an improvement of 22% in water erosion risk since 1981, and this shift of cropland into the tolerable risk
class from the higher risk classes can be attributed to a combination of reduced tillage, less intensive crop
production, decreased sumnfigiow, and removal of marginal land from production

Table 3.Risk of water erosion on Canadian cropland in 1981 and 1996

Province Cropland Proportion of cropland (%) in various risk classes
(million ha) | Tolerablé Low™ Moderaté High™ Severe
1981 | 1996 | 1981| 1996| 1981| 1996 1981| 1996 | 1981| 1996
Alberta 10.6 75 83 15 11 8 6 2 1 <1 <1
Saskatchewan 18.8 64 90 24 5 7 5 4 1 2 <1
Manitoba 4.9 88 89 5 4 3 4 1 1 3 2
Canadian Prairieq 34.3 76 87 15 7 4 5 2 1 2 1

" Includes seeded and summer fall(iiNed, but not seeded). o o o
" Tolerable (sustainable) <thd yr' * Low=6i 11thd 'yr'  Moderate=1122t hd yr' * High=2233thd yr' ! Severe>33hd yr' !
Source: Modified from Shelton et al 2000

Alberta Agriculture, Food and Rural Developm&d05) using the existing soil landscape of Canada
polygon (SLC), and he Universal Soil Loss EquatiqiSLE) have estimated the risk of water erosion
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on bare, unprotected mineral soils (Figure 4). According to this map, a considerable portion of ¢nopland
Alberta is at risk of moderate, high, or severe water erosion.

Conservation tillage practices are effective in reducing the soil losses, however, studies evaluating the
effects of soil erosion and tillage systems on soil productivity are limited.

In simulated erosion studies at 6 Alberta sites, erosion drastically reduced crop productivity (Larney et al

1995a). These authors showed that only 1 cm of soil loss could resulfiiB% ¥ield reduction in
spring wheat, and after 20 cm soil loss, cyads would be reduced byi540%. They also found that

the additi

on of fert

ilizer and

manur e

di dnodt

effects at an irrigated site followed the same trends as at dryland sites, indicatinggbaidss cannot
be offset by adequate soil moisture.

In another simulated rainfall study, Nolan et al (1997) showed that for a 1 in 2 year storm in the Peace

River region, reduced tillage and-tith reduced soil losses by 5080 % as compared with oeentional

tillage (Table 4).

Table 4. Soil loss from natural rainfall in experimental plots for conventional, reduced till atil canditions in

the Peace River region

of Alberta

Measurement Soil loss (kg ha)
period Conventional tillage Reducedillage Zerotillage

1 63.9 31.3 41.0
2 67.3 35.3 6.7
3 487.5 233.6 40.2
4 406.8 277.2 208.0
5 71.6 66.2 34.9

Sum 1102.5 643.6 33L..7

Values followed by different letters in the sum row are significantly different at P> 0.05.
Source:Nolan et all997.

van Vliet et al (1993) have also shown thattiiaand reduced tillage are effective in reducing annual soil
losses by 81 and 53%, respectively as compared with conventional tillage (Table 5).

Table 5. Effect of tillage on total soil loss frona)rainfall and (b) snowmelt near Dawson Creek, British
Columbia (1987 1991)

Tillage Treatment Runoff (mm) Soil Loss (Kg h&)
Snowmelt Rainfall Snowmelt Rainfall
Conventional 24.5a 19.9a 53a 536a
Reduced 12.5b 13.1b 24b 330b
Zero 28.8c 15.5b 20b 123c

Values followed by different letters in the sum row are significantly different at P> 0.05.
Source:van Vliet et al. 1993.

Several studies in the United States have also shown that soil losses were greatest from conventional
tillage and least fromo-till management systems (Moldenhauer 1985, Robinson and Boardman 1988,
Pesant et al 1987). In light of these studies it can be concluded thattihemp management system is
the most effective means of erosion control.

r;i\__l

67 August 2011 Version 2



r—-—.____s_ -
= 1=
e 13
tan 1o
i I
T
i

FoRT
VillREiLioN

-
L]
™
L]
w
w al
- "
- L T
- e o
& =
™ -
- bs
B s
s sz
o -
2] =
= e
L i
n rr
xr ]
] o
:N“ ICRTREREREL "’"‘11-'”
i "
" fre
ﬂ, ]
-
-, : =
31 et
o a e
2 - a4
B A :
. =
: -
a -
" =
=
=

Water Erosion
Risk of the

Agricultural Area
of Alberta

Risk of Water Erosion on Bare,
Unprotected Mineral Soil

I negignie I Severe

Lot Bl Crganic Sol {not mated)
Moderate [l Recuiang

High [ ] Madaia

IRivers. Lakes

ﬂ Muricipal bousnd ars
=0 = o =

o o s
Q] ioatesaa  Aguuue s o
AP Canbils A masTemnse Canails

Figure 4. Water Erosia Risk of the Agricultural Areas of Albe$aurce: Tajek, J. and Coote, D.R. 199&ater Erosion Risk, Albertdand
Resource Research Centre,
Research Branch, Agriculture Canada. Publication 5292/B. Contribution Numioér 92

rd
ARECA,d7 68

August 2011 Version 2



3. Tillage Erosion

Wind and wagr erosion are the major forms of erosion on agricultural land. on the Canadian Prairies.
However, recent research has shown a new type of erosion called tillage erosion is also of significance on
hilly agricultural landscapes. In tillage erosion, soihfrthe upperslope is displaced by tillage equipment

and deposited downhill by gravity (Grovers et al 1999). Several factors such as tillage depth, design and
operation of tillage implements, and the topographic and soil properties of landscapes aretiinportan
determining the extent of tillage erosion. After many years of tillage, there is severe soil loss on hilltops
and accumulation of eroded material at slope bottoms. Typically on a given hilly landscape, tillage

erosion causes significant soil loss @paximately 2030% of the area (hilltops), water erosion causes
significant soil loss on approximately13D% of the area (backslopes of hills), and wind erosion causes
significant soil loss on approximatelyiZiD% of the area (Lobb et al 2003).

a. Tillage Erosion Equation
Lobb et al (1999) developed the following equation for estimating the tillage erosion rate:
A+ Er E.
WhereAr = rate of soil loss (or accumulation) by tillage erosiome{t yr'")
Er = tillage erosivity (%6 'm’ 'yr' }
E, = landscape erodibility (%n hd 3.
b. Tillage Erosion Risk
There are no studies in western Canada comparing the effect of various tillage systems on tillage erosion.
However, Lobb et al (2007) have estimated the risk of tillage erosion on Canadian croplsirthtipe
tillage erosion equation and cropping and tillage practices reported in the Census of Agriculture database.
They estimated that over 50% of the cropland on the Canadian Prairies is subjected to an unsustainable

level of tillage erosion (Table 6)

Table 6. Risk of tillage erosion on Canadian cropland in 1981 and 1996

Province Cropland Proportion of cropland (%) in various risk classes
(million ha) | Tolerablé Low™ Moderate High™ Severe
1981 | 1996 | 1981| 1996| 1981| 1996 1981| 1996 | 1981| 1996
Alberta 10.6 47 62 24 19 26 19 3 0 0 0
Saskatchewan 18.8 29 35 14 19 52 46 5 0 0 0
Manitoba 4.9 22 44 53 38 24 18 1 0 0 0
Canadian Prairied 34.3 33 47 30 25 34 28 9 0 0 0

" Includes seeded and summer fallow (tilled, but not seeded). o o o
" Tolerable(sustainable) <6hd yr' * Low=6i 11thd 'yr' * Moderate=1122t hd 'yr' * High=2233thd 'yr' ! Severe>33hd 'yr' !
Source:Lobb et al 2007.

V. Conclusions

On the Canadian Prairies, soil erosion is the major threat to thédongsustainability of crop
production.The average ofarm cost of soil erosion in 1980 was estimated to be $430 million per year.
Since the early 1990s, conservation tillage (zero and minimum tillage) and other soil conservation
practices (reduced fallow, crop rotation perennial forage, dvredks) have been popular among prairie
growers, and this has resulted in significant decline in erosion risk.
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According toThe Universal Soil Loss EquatigdSLE) and other environmental indicators, there has

been a decreasé 22% in water erosion riskince 1981, and this shift in cropland into the tolerable risk

class from the higher risk classes can be attributed to a combination of reduced tillage, less intensive crop
production, decreased summer fallow, and removal of marginal land from prod@nianprovincial

basis, Saskatchewan has shown the most improvemiéng shift of 26% of its cropland into the

tolerable risk class from the higher risk classes, followed by Alberta (8% improvement).

In spite of a 60% reduction in fallow, the riskwiind erosion is still high on the Canadian prairies.
According to some estimates, approximately 30% of cropland in western Canada is subjected to
unsustainable levels of wind erosion.

The concept of tillage erosion is relatively new and there are lifigleldstudies. Lobb et al (2007)
estimated that over 50% of the cropland on the prairies is subjected to an unsustainable level of tillage
erosion.

The general trend of increasing conservation tillage and other soil conservation practices will result in
significant decrease in the risk of erosion.
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Chapter 5

Non-Point Source Pollutionand No-Till
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|. Introduction

The tem nonpoint source (NPS) pollution referspollution originating from diffuse areas (land surface
or atmosphere) having no welefined source. NPS pollution generally results from precipitation, runoff,
infiltration, drainage, seepage, hydrologic magdition, or atmospheric deposition. That leadsatofall

or snowmelt moving over and through agricultural fields. As the runoff moves, it picks up and carries
away nutrients (mainly nitrates and phosphorous), sediments, animal waste, and pesticidgmsitsd d
them in lakes, rivers, and wetlands, where it affects surface water quality and aquaigriiteltural
activities also have the potential to directly impact the habitat of aquatic species through physical
disturbances caused by tillage praesior by livestock. Conservation tillage practices protect soil from
the erosive impact of wind and water and therefore have the potential to reduce the quantity of pollutants
(sediments, fertilizers and pesticides) that is generated at alaife@redfrom a source inttakes,

streams and rivers.

In Canada, studies where conventional andilhbave been compared in terms of runoff, sediments,
nutrients and pesticides are limited. However, studies in the United States indicate thifitpractices
have the potential to reduce runoff, sediments, nutrients and pesticide Fasgestt and Towery (2002)
summarized natural rainfall studies comparingitavith conventional tillage (moldboard plowing).
They showed that, on the average (over 32rnreatsiteyears of data), ntll resulted in 93 % less
erosion, 69 % less water runoff and 70 % less herbicide runoff than conventional tillage (Figure 1).

Figure 1. Runoff and Erosion in No-till Watersheds Compared to Conventional Tillage
Watersheds
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[I. No-Till Reduces Runoff

No-till practices retain 90 100 % ofcrop residues on the soil surface and protects the soil against wind
and water erosion. Reductions in soil erosion are directly proportional to the amount of soil covered by
crop residue. Typically, 90 % residue cover reduces the runoff of water, setbadsiand soil erosion

by over 95% as compared to soils without residue cover (Table 1).
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Table 1. Effects of surface residues cover on runoff and soil loss

Residue cover | Runoff Runoff velocity | Sediment in Runoff Soil Loss
(% of rain) | (feet/min) (% of runoff) (tons/acre)

0 45 26 3.7 12.4

41 40 14 1.1 3.2

71 26 12 0.8 1.4

93 0.5 7 0.6 0.3

Source: Cooperative Extension Service, Purdue University 1995.

In noill systems, there is less runoff and more infiltration than in conventitiagle systems;
consequently, this results in fewer pollutants entering streams. In Quebec, McRae et al (2000) reported a
60% reduction in surface runoff for #idl corn as compared to conventionally tilled corn. In
Saskatchewan, at the watershed seadeyvmelt runoff from longerm, netill, was less than half that

from conventionally tilled fields, and runoff from summer storms was also reduced (Elliott et al., 1998).
Several paired watershed studies in the United States have also showrtiltext fields have

significantly reduced water runoff, soil erosion and pesticide runoff as compared to conventional fields
(Foy and Hiranpradit, 198%lenn and Angle, 1987; Hall et al 1991). In a kagm study in Ohio,

Edwards et al (1989) found 99% less wateoff in a netilled watershed as compared to a
conventionally tilled watershed@he main reason for this is that in the zero tilled watershed reduced run
off improves infiltration, increases macroporosity (earthworm and root channels), and provides mor
continuous soil pores because they are not disrupted by tillage.

No-tillage reduces runoff by slowing the flow of rainwater or snowmelt from the field. However, by not
tilling the sail, there is a concern that it may increase leaching of water, raitimhipesticide to the

ground water. There are conflicting reports in the literature about the roletitifin@enhancing leaching.
Some studies have found little or no difference in leaching of water and nutrients between conventional
tillage and neill (Andreini and Steenhuis 1990; Granovsky et al 1993), while others report greater
leaching in neill soils (Dick et al 1989; Hall et al 1989; Isensee et al 1990, and Singh and Kanwar 1991)
than in conventionally tilled soils. Some studies have been ctewlin Alberta to determine the effect of
reduced tillage and rtillage on leaching of water and soluble chemicals. Cheng and Lindwall (1989,
1990, 1992) measured the infiltration at the soil surface and hydraulic conductivity rates for different
depthsof soils in southern Alberta under conventional tillage and reduced tillage. At one site they found
that the infiltration rate was higher during the sumifislow phase of reduced tillage soils, but there

were no differences in hydraulic conductivity val&989). At a second site, they found no differences in
the infiltration rate between zero and conventional tillage (Cheng and Lindwall 1990). At a third site, they
found that although infiltration rates were not significantly different among tillagertesds, within the

tillage zone, hydraulic conductivity of reduced tillage was less than in conventional tillage, but it was
greater below that zone (Cheng and Lindwall 1992). Miller and Larney (1997) measured the leaching of
water and the chemicals in aamntional tillage and ndill Dark Brown Chernozemic soils in southern
Alberta under saturated and unsaturated conditions. Tillage treatment had no effect on leaching of water
and chemicals under saturated or unsaturated conditions. It was concludedgietrh, netill on a clay

loam soil in southern Alberta, has not increased leaching of water and chemicals compared to
conventional tillage. Reduced runoff in-tilage is also associated with decreased flooding and

increased soil moisture.

[1l. No -Till Reduces Sediments Loss

Sediments in runoff water are suspended solids (mineral and organic). They are the result of soil erosion.
Sediments cause turbidity of wateeduce sunlight penetration, and reduce photosynthesis of submerged
plants.
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No-till reduces the amount of sediment in runoff. A study by Environment Canada suggests that
sediments in runoff water from ridl fields may be reduced by 5080% when compared to

conventional tillageStudies in the United States have shown up to 90% deglihe amount of

sediment transported off fields undertilage systems as compared to conventional tillage (Mostaghimi

et al 1988; Chichester and Richardson; Seta et al 1993; Gaynor and Findlay 1995). Similarly, Richardson
and King (1995) compared tlsediment, nitrogen and phosphorous losses in surface runoff from
watersheds with heavy clay soils in central Texas, U.S.A. They found thi#ltsignificantly reduced the

loss of sediment, nitrogen and phosphorus relative to conventional tillage.

IV. No-Till Reduces Nutrients Losses

Nitrogen and phosphorus are important nutrients in agricultural systems; however, the movement of these
nutrients from agricultural land into surface water that drains into lakes can cause eutrophication, which
affects aquc life and surface water quality. In agricultural soils, phosphorus binds very tightly to soil
particles. Small, more chemically active clay particles attract and hold nutrients. These smaller soil
particles erode more easily than larger soil partideslerson et al (1998) found that most of the

phosphorus in runoff from Hynes Creek watershed in central Alberta occurs in a dissolved form.
Therefore, any practice that reduces soil erosion also reduces phosphorus loss.

1. Phosphorus

No-till practices typically reduce soil erosion and sedimentation losses, and result in less phosphorus lost
in runoff. Information on the effects of tillage systems on phosphorus loss is contradictdrgski et al

(1985) studied phosphate losses irtil@nd convenbnal tillage systems where fertilizer was sub

surface banded. In soybean following corn, zero till treatments reduced soil erosion by 97%, resulting in
80 to 91% reduction in phosphorus loss. For corn following soybeans, an 86% reduction in soilttoss led
a 66 to 77% reduction in phosphorus lost. Blevins et al (1990) also found that conventionally tilled plots
tended to lose more dissolved phosphorous theilled plots. Mostaghimi (1986) and Richardson and

King (1995) also reported significantly lowmgissolved phosphorus losses undetith@s compared to
conventional tillage. Chichester and Richardson (1992) reported that at the watershed scale, dissolved
phosphorous loss tended to be lower itihdhan in conventional tillage.

Conversely, dier studies have demonstrated thatilhoeduced the loss of particulate and total

phosphorus in surface runoff; however, it does increase the loss of soluble phosphorus to ground water
(Gaynor and Findlay 1995; Bundy et al 2001). There are two maiongéar this: (1) in ndill there is a
reduced runoff volume that increases the concentration of dissolved phosphorus and proportionally
decreases losses of particulate phosphorus, and (2) leaching of soluble phosphorus from the crop
residues (Riemersnet al 2006).

2. Nitrogen

As discussed earlier, runoff decreases with reduced tiltagelting in less nitrogen loss although runoff
concentrations may be higher. Several studies have showrottiit@duces chemical runoff. Baker and
Laflen (1983) @monstrated that a 97% reduction in sediment loss il fielative to conventional

tillage) resulted in a 75 to 90% reduction in total nitrogen loss for soybeans planted following corn and a
50 to 73% reduction in nitrogen loss for corn following lsegns.

No-till crop production increases the amount of soil macropores and allows for greater water infiltration,
which could lead to nitrate contamination in groundwater. Fox and Bandel (1986) have shown that in a
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continuous corn system, there is a geeg@btential of nitrate leaching in #titled systems than in

conventional systems. lzaurralde, et al (1995) has also shown increased nitrogen leaching in the soil
profile under netill compared with conventional tillage. More recent studies (Halversal,, 001;

Zhu, et al., 2003; and Gupta, et al., 2004) showed no difference in nitrogen leaching between tillage types.
These studies emphasize thattiidhas an increased risk of macropore flow that may impact N leaching.

V. No-Till Reduces Runoff of Pesticides

Pesticides and fertilizers are commonly used for the production of agricultural crops. Without the use of
pesticides and crop nutrients, field crops would have significantly lower yields due to weed infestations,
insect damage and plant diseddowever, losses of pesticides and nutrients from treated fields to water
resources create human health concerns by potentially affecting the quality of drinking water.

In rural Alberta, shallow ground water is a major source of drinking water. Intngears, concerns from
non-point pollution sources, mainly nitrates and pesticides leaching from agricultural fields have
increased. Several studies have documented the presence of nitrates and pesticides in streams, rivers,
reservoirs and atmospheric dspimns (Anderson et al 1996, Anderson and Saffran 1997, Anderson et al
1997, Cheng and Entz 1990, Hill et al, 1996, Hill et al 2001, Humphries et al 2005). The frequently
detected herbicides detected in atmospheric deposition, soil sediments and satdage Alberta are

2,4-D, MCPA, bromoxymil, dicamba, glyphosate and mecoprop (Table 2). Pesticides can enter surface
water through one of four routes: 1) direct application to the aquatic vegetation, 2) through erosion, as
some pesticides are adsorbedsbi} particles suspended in runoff, 3) binding to the surface residues and
soil that wash off treated fields, and 4) through drift from treated fields that are near water.

Table 2: Concentration ranges of the five herbicides detected in greatest am@ibgsta (1996 2005)

Herbicides Concentration Range
___________ e g 1 [ ——

2,4D < 0.025to 53

MCPA < 0.025 to 26
Bromoxynil < 0.025 to 26

Dicamba <0.025t09.1
Glyphosate <0.2t06.0

Mecoprop <0.0251t0 2.5

No-till systems leavabout 80 90% crop residues on the soil surface after planting, protect the soil
against erosion, and result in reduced volume of surface runoff relative to that of conventional tillage. As
erosion is reduced, loss of sedimanstociated materials (p&sties and nutrients) is also reduced.

However, leaching of highly mobile pesticides appears to increasetith systems.

There are conflicting reports in the literature on the effect of tillage on runoff and associated pesticide
losses. Hall et al (I) compared the loss of cyanazine in runoff fromtithed soil planted to corn in the
growing seasons of 1977 through 1979 with losses from conventionally planted corn oslafel%he
no-tillage systemseduced runoff, erosion, and herbicide movemEat example,unoff from

conventional tillage ranged from 5.5 to 22% ofrileoff-producing rainfall. Soil loss from the same
system rangefilom 4.4 to 32.2 mg/ha. On the other hand, runoff from th#llagesystems ranged from
0.07 to 2.5% of the rwif-producing rainfallwhile soil losses ranged from 0 to 1.1 mgihaeview of
several paired watershed studies by Fawcett et al. (2002) showed that conventional tillage fields tend to
have significantly higher water runoff, soil erosion and herbisdsds as compared to reduced tilled
fields. Zhang et al 1997 also reported thatiidields have significantly reduced runoff volumes and
herbicide losses as compared to tilled fieldscontrast, other researchers have found lower losses of
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herbicides with runoff water under conventional tillage systems than undetilh sgstem (Gaynor et al

1995, Smith et al 1995) . I nterestingly, Environme
last 10 years indicate similar frequency of herbicidec&in in conventional and zero tillage systems

(Wicklum and Gray 2009).

Residual herbicides used in the production of crops are often detestethice runoff at concentrations
exceeding their maximum contaminéavels or health advisory levels; tliscurs because herbicides

have a greater likelihood of moving to groundwater or surface water. With the afitramsgenic crops

such as glyphosate and glufosintdkerant varieties, this concern about herbicide contamination of
groundwater might be deiced by replacing some of ttesiduaherbicides with ones that have a shorter,

or no residual activity, are strongly adsorbed, translocated, or that act on contact. Such herbicides are
thought to be more environmentally benign. In a fgear study, resarchers at USDA RS &s Nor t h
Appalachian Experimental Watershed near Coshocton, OH, compared relative losses of both herbicide
types when applied at a normal rate to seven small watersheds planted with glufokenane (Liberty
Linked) corn or glyphoda-tolerant (Roundup Ready) soybean. Herbicide losses to surface water for
glyphosate and glufosinate were usually much less than for residual herbicides (atrazine, alachlor and
metribuzin), when calculated as a percentage of the amount of herbicidel afypéeaged for all

soybean crop years, glyphosate loss was approximatelyesamth that of alachlor. Similarly, the

average loss for the contact herbicide glufosinate (Liberty) wa$oointh that of atrazine, an alternative
residual corn herbicide. Tlewncentrations of atrazine in runoff were up to 240 times greater than in the
established drinking water standard. Conversely, the maximum glyphosate concentration noted was
nearly four times less than its established standard. Glufosinate currently éstalnlished standard but

was only detected at low concentrations and was below its detection limit 80 days after application
(Shipitalo et al 2008). In light of increased economic incentives to grow more corn, soybean and canola in
Canada for biofuel pduction, this last study suggests that herbicide losses and concentrations in runoff
can be reduced by planting herbictdderant varieties and replacing some of the residual herbicides with
glyphosate or glufosinate herbicides.

It should be noted herbat almost all of the herbicidelerant crops grown on the prairies of western
Canada are produced in direct seeding systems. For this reason, the results of the above studies should be
valid for the Alberta situation.

VI. Conclusions

1 Nottill fields have significantly reduced erosion (8@0%), less runoff volumes (5080%) as
compared to tilled fields.

1 Runoff volume decreases with-tith, resulting in less N loss, although runoff concentrations may
be higher.

1 P is mainly associated with sedimergdiment loss typically decreases withtitipresulting in
lower loss of P in rwoff.

1 There are conflicting reports in the literature on the effect of tillage intensity on leaching loss of
crop chemicals in the soil. Some researchers have reporesiemsed loss of sediment
associated pesticides, while others have reported no, or increased losses of pesticides with
decreasing tillage intensity.
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