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ABSTRACT

Przednowek, David William Andrew. M. Sc., The University of Manitoba, January,
2003. The Effect of Pulse Crop Rotation and Controlled-Release Urea on the Nitrogen
Accumulation and End-Use Quality of Canada Western Red Spring Wheat.
Professor; Donald N. Flaten.
The main goal of this study was to evaluate the effect of pulse crop rotation and
controlled-release urea (CRU) on soil nitrogen (N) status and N accumulation of Canada
Western Red Spring (CWRS) wheat. Spring wheat (T¥iticum aestivum L. cv. AC Barrie)
was grown at Carman and Brandon, MB, on field pea (Pisum sativum L.) and flax (Linum
usitatissimum L.) stubble at three rates (0, 30, and 90 kg N ha™) of N from two fertilizer
N sources, ammonium nitrate (AN) and CRU, a polyurethane-coated urea with an N
content of 43 per cent. Wheat was grown at Swift Current, SK, on field pea and durum
wheat stubble at three rates of N (34, 50, and 78 kg N ha') based on soil test
recommendations. The effect of previous crop on N uptake pattern was more consistent
than the effect of fertilizer N source. Significantly higher soil NO;-N at planting on field
pea stubble at two of three Manitoba sites resulted in higher wheat plant and grain N
yield. Contrary to a number of similar western Canadian studies, apparent net
mineralized N during the growing season and per cent post-anthesis N uptake were
higher for what grown on flax stubble (F-W) compared to wheat grown on field pea
stubble (P-W) at the two sites; the result was attributed to rapid N mineralization
following field pea harvest. Wheat end-use quality was assessed with the Mixograph,
dough micro-extension tests, and the Canadian Short Process bake test. At the same flour

protein content (FPC), flour from wheat grown on field pea stubble had significantly

lower Mixograph work input-to peak and dough strength index, as well as shorter dough
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development time at FPC < 14 per cent. Samples from Swift Current in 2001 produced
much weaker, more extensible dough than samples from the other four site years,
indicating that growing season conditions can have a pronounced effect on end-use
quality. A protein extraction method based on the differential solubility of flour protein
in 50 per cent 1-propanol yielding soluble protein, insoluble glutenin, and residue protein
was used to evaluate flour protein composition. As a proportion of total FPC, each
protein fraction quantified remained relatively stable as N supply and FPC increased.
Unexplainable differences in protein composition among site years were also observed.
Protein composition could not be used to explain the differences in end-use quality
attributed to previous crop and environment; a more precise method such as size
exclusion-high performance liquid chromatography (SE-HPLC) might provide more

useful information in explaining differences in end-use quality.
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FOREWARD

This thesis has been prepared in manuscript format as described in the
Department of Plant Science guidelines. The Canadian Journal of Plant Science is used
as the referencing style in this document. Chapter 3 will be submitted to the Canadian
Journal of Plant Science for publishing, while Chapter 4 and 5 will be submitted to Cereal
Chemistry. I will be head author for both papers, and co-authorship will be designated

accordingly.



2.0 LITERATURE REVIEW

2.1 Importance of Soil Nitrogen to Crop Productivity

Nitrogen (N) is the most frequently limiting nutrient to crop production (Havlin et
al. 1999). Soils are more commonly deficient in N than any other nutrient (Salisbury and
Ross 1992). While N on a plant weight basis represents a very small portion of total dry
weight, it is critical to plant function, since over 90% of N in the wheat plant is found as
protein (Borghi 1999). N is a key component of proteins, chlorophyll, enzymes, and
amino acids, is essential for carbohydrate utilization (Olson and Kurtz 1982), and plays a
key role in metabolic processes (Havlin et al. 1999). Given the critical nature of N in
higher plants, an understanding of crop N requirements is important when considering
yield goals.

When the Prairies were first cultivated, crop yield responses to N were not
observed, since inherent soil N fertility was high (Cowell and Doyle 1993a). Yield
responses to N fertilizer were first observed in western Canada on a greater scale in the
1950s, although N fertilization had little effect on wheat PC (Hedlin et al. 1957). Since
1970, wheat and barley yield responses to N fertilizer have averaged 40% or more in
Manitoba, and 35% or more in Saskatchewan (Cowell and Doyle 1993a). The
importance of N fertilization to increased crop productivity has grown to a point where N

fertilizers are applied regularly and in large quantities.



2.2 Major Forms of Nitrogen in the Soil

The amount of N available to plants depends not only on total soil N content, but
also the forms of soil N. The two major types of N in soil are organic N and inorganic N.
Organic N refers to N present as proteins, amino acids, and amino sugars, all of which are
found in soil organic matter (SOM). Organic N is estimated to represent 90 to 95% of
total soil N (Havlin et al. 1999; Stevenson 1982), and is not readily available to plants.
Therefore, organic N must be converted to an inorganic form via mineralization in order
to facilitate plant uptake.

The six forms of inorganic N in the soil are ammonium (NHy"), nitrate (NO3),
nitrite (NOy), nitrous oxide (N20), nitric oxide (NO), and elemental N (N,) (Young and
Aldag 1982). With respect to the N nutrition of higher plants NO;™ and NH,4" are the
most important inorganic forms of soil N, since they exist in a readily available form for

plant uptake.

2.2.1 Nitrate Nitrogen

The amount of NO;™ available for plant uptake depends on the concentration of
NO;™ in the soil, which in turn depends in part on the availability of fertilizer N.
Availability of NO;™ also depends on mineralization and the subsequent conversion of
NH4" to NO; via nitrification. Wheat takes up more NO;™ than NH,", except in the case
of waterlogged conditions or where high levels of NH,4 —containing fertilizers are applied
(Borghi 1999). Since NO;’ is readily mobile and does not adhere to soil particles, NO; is
readily carried along by water via mass flow to satisfy the transpirational demands of the

plant (Olson and Kurtz 1982). Although the movement of NO; to the plant roots
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depends on plant water demand, NOs™ uptake is a highly regulated process that depends

on soil NO;” concentration and plant metabolic processes (Tourraine and Gojon 2001).

2.2.2 Ammonium Nitrogen

Like NOs~, NHy4" is an inorganic form of N that can be supplied via the addition of
fertilizer N or through mineralization. Because NH," is positively charged and soil is
negatively charged, NH," can be retained on the surfaces of soil colloids at points called
exchange sites (Nommik and Vahtras 1982). Ammonium held on soil colloids in this
manner is still reasonably readily available to plants and is protected from leaching.
While NH4" is preferentially absorbed when ample supplies of NO;” and NH4" are
available to the root surface (Olson and Kurtz 1982), NH4* does not move readily with
water through soil since it is held on exchange sites.

Conversely, non-exchangeable NHy" is not readily available for plant uptake. The |
ability of the soil to fix NH4" in this manner depends in part on the presence of 2:1 clay
minerals (Nommik and Vahtras 1982). Along with potassium (K", NH4" saturates the
interlayers of 2:1 clay minerals, causing the collapse of the interior layers and trapping
the K" and NH4" ions. Although the proportion of non-exchangeable NH," in the soil is
typically high in western Canada, its release over time is slow (Havlin et al. 1999).
Therefore, exchangeable NH;" is the NH," form of primary interest when evaluating

plant N availability.



2.3 Nitrogen Supplying Power of Soils

Total plant-available N supply is strongly related to yield (Soper and Huang 1963;
Soper et al. 1971) and N uptake (Alkier et al. 1972; Olson et al. 1976; Sanford and
Hairston 1984). For non-leguminous crops, there are three major sources of
plant-available N during the growing season, namely residual inorganic nitrogen in the
soil at seeding, mineralization of organic N during the growing season, and the
application of organic or inorganic N-fertilizers (McGill 1967; Schoenau 1995). The
relative contribution of each of these three N sources to total plant N uptake depends on

crop management and environmental factors, and varies throughout the growing season.

2.3.1 Residual Inorganic Soil Nitrogen

Residual soil N is defined as N that is not utilized by the crop in a given season
and which carries over to the period of growth of the succeeding crop (Broadbent 1984).
The amount of residual N available at planting can represent an important source of N for
a crop during the growing season, and has been positively related to yield and N uptake
in many studies involving cereals (McGill et al. 1967; Olson et al. 1976; Rhoads 1984;
Soper and Huang 1963; Stanford and Legg 1984). In semiarid and subhumid areas such
as western Canada and the U.S. Great Plains, residual soil N is an important
consideration when planning a fertilizer management program, since the likelihood of
removal of NO;™ from the profile during the fall and winter as a result of leaching or

denitrification is relatively low (Stanford 1982).
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2.3.1.1 Effect of Water Use Pattern of Previous Crop on Residual Soil Nitrogen

The amount of residual soil N available to a crop at seeding is in part related to
the rooting depth of the previous crop. In a recent review of crop water usage in western
Canada, Johnston et al. (1996) reported spring wheat rooted to a depth of 91 to 130 cm,
although the majority of wheat roots are typically found in the top 60 cm (Campbell et al.
1977a). Bauer et al. (1989) found almost no available water in the upper 90 cm of soil at
harvest after spring wheat was grown, and that some available water remained at depths
greater than three feet. When wheat is grown in semiarid environments, it is expected to
exhaust the soil water in at least the top 60 to 90 cm.

Since wheat does not typically follow wheat in rotation, the rooting depth of other
crops grown prior to wheat is of great consideration with respect to residual N levels.
Johnston et al. (1996) reported flax rooted to a depth of 61 to 76 cm, and field pea rooted
to a depth of 61 to 100 cm. Campbell and Zentner (1996) found flax left more soil N and
water below a depth of 60 cm compared to wheat, while Lafond et al. (1992) reported
that spring wheat grown on pea stubble had more available water at a depth of 60 to 120
cm compared to spring wheat grown on cereal stubble. Miller et al. (1998a) observed
significantly lower water usage by field pea compared to spring wheat in a soil profile of
0-120 cm, but especially at the 60-90 cm and 90-120 cm depths. Miller et al. (2002b)
reported that between 60 and 120 cm, plots sown to field pea and dry bean held 7 and 10
mm more water, respectively, than wheat stubble. Crops will not extract NOs™ at a depth
below the rooting zone; therefore shallow-rooted crops may leave more residual soil N

than deep-rooted crops.
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2.3.1.2 Effect of Moisture Availability on Wheat Rooting Depth
Plant N uptake depends on mass flow. Crops will extract the greatest amount of
water (along with NO3") from areas where the rooting density is the greatest. For a given
crop, rooting depth is expected to vary from year to year, since crop water demand is a
function of dry matter yield, which in turn is positively related to N uptake (Clarke et al.
1990; Sanford and Hairston 1984). Dry matter production increases in response to
increasing water availability by increasing shoot and root dry mass (Campbell et al. 1993;
Nuttall et al. 1979; Rhoads 1984; Steppuhn and Zentner 1987). Under drier conditions,
plants develop a more extensive and intricate root morphology in order to take advantage
of soil water throughout the soil profile compared to plants grown under ideal moisture
conditions (Sharma and Ghildyal 1977). Wheat that is subjected to excessive moisture
conditions during the vegetative phase of development develops a shallower root system

and may not necessarily take advantage of N available at deeper depths.

2.3.1.3 Effect of Soil Nitrogen Availability on Wheat Rooting Depth

Increased plant N availability also increases water usage in response to crop
demand (Black et al. 1982; Bond et al. 1971; Brown 1971; Campbell et al. 1993).
N-fertilized wheat does not necessarily root deeper, but instead extracts a greater amount
of soil water from the same soil depth compared to unfertilized wheat. Rapid growth
early during plant development allows the root system move deeper into the profile and
increase in density, particularly at shallower depths (Borghi 1999). When soil moisture is
limiting in the upper soil profile, particularly later in the growing season in semiarid

environments, NO;™ present in significant quantities deeper in the soil profile can be a
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significant source of plant N as the plant utilizes water at deeper depths (Cochran et al.

1978; Lotfollahi et al. 1997).

2.3.2 Nitrogen Mineralization

The amount N available to a crop as a result of mineralization is difficult to
quantify (Schoenau 1995; Thicke et al. 1993), since its contribution to plant-available N
is variable and depends én a number of environmental and crop rhanagement factors
(El-Haris et al. 1983; Jansson and Persson 1982; Schoenau 1995; Stanford and Smith
1972). A thorough understanding of the contribution of mineralization to the
N-supplying power of soils is essential in making informed crop management decisions.

N mineralization is defined as the transformation of N from the organic state into
NH," or NH; (Jansson and Persson 1982). Mediated by heterotrophic soil
microorganisms, mineralization proceeds in two steps (Havlin et al. 1999). Aminization
is the first step of mineralization, where soil-derived proteins are broken down into
secondary organic N compounds such as amino acids, amines, and urea.
Ammonification, the second step of mineralization, is the conversion of secondary
organic N compounds to NH,;" or NH.

Immobilization, defined as the transformation of inorganic N compounds
(NH4", NH3, NOjy', NOy) into the organic state (Jansson and Persson 1982), proceeds at
the same time as mineralization. Therefore, the relative rate and balance of
mineralization and immobilization influences plant-availability of N. Mineralization may
generate large quantities of inorganic N, but if immobilization is proceeding at a similar

rate, plant N availability attributed to mineralization may appear to be low.
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2.3.2.1 Effect of Temperature on Mineralization
The two major environmental factors that influence the rate of mineralization are
temperature and soil moisture (Cassman and Munn 1980; Havlin et al. 1999; Schoenau
1995). Generally, a rise in temperature results in an increase in mineralization
(Biederbeck and Campbell 1973; Campbell and Biederbeck 1972; Cassman and Munn
1980). Furthermore, Biederbeck and Campbell (1973) observed that microbial activity
was considerably higher at constant temperature compared to diurnally fluctuating
temperatures. The importance of temperature to the contribution of mineralization to soil
N-supplying power is especially relevant to western Canada, since in the spring, soils
take longer to warm up relative to areas with higher average ambient temperatures. In
evaluating the contribution of mineralization to soil N supply in southern Manitoba,
McGill (1967) determined that 60% of spring wheat N uptake occurred before

mineralization had even started.

2.3.2.2 Effect of Soil Moisture on Mineralization

Soil moisture exerts a significant influence on mineralization, since soil moisture
regulates the relative proportions of aerobic and anaerobic soil activity (Havlin et al.
1999). As the proportion of anaerobic activity increases as a result of excessive soil
moisture, microbial efficiency decreases. Dry soils also have low levels of microbial
activity. In a laboratory incubation experiment, Cassman and Munn (1980) found that as
soil water content decreased, N mineralization decreased in a linear fashion.

Furthermore, Jowkin and Schoenau (1995) observed significantly higher plant N
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availability in chemical fallow plots in the absence of a crop as a result of higher soil
moisture levels compared to conventional fallow plots.

Since the majority of soil microbial activity is concentrated near the soil surface,
and since soil moisture in the upper soil profile is quickly utilized early in the growing
season, topsoil moisture availability later in the growing season influences the
contribution of late season mineralization to plant N availability. In an experiment
carried out with winter wheat in Georgia, the contribution of mineralization to plant N
supply increased as the season progressed, due largely to favorable topsoil moisture

conditions during the filling period (Harper et al. 1987).

2.3.2.3 Effect of Substrate Availability and Quality on Mineralization

The carbon to nitrogen ratio (C/N ratio) has been widely used to characterize the
quality of organic materials added to soils, since it determines in part whether net
mineralization or immobilization occurs (Grenier 1992; Jansson and Persson 1982;
Janzen and Kucey 1988; Mooleki et al. 1997). A C/N ratio of 20:1 is considered to be the
dividing line between whether mineralization or immobilization will occur, although
other estimates range from 25:1 or 30:1 (Smith and Peterson 1982, cited in Grenier
1992). Residue N concentration (Janzen and Kucey 1988; Rees et al. 1993) and
biochemical composition (Fox et al. 1990, cited in Fu et al. 1999) have also been used to
evaluate residue quality. Understanding the dynamics of N timing and availability from
plant residues is a critical consideration in managing soil N fertility.

When residues are added to soil, soil microbial activity is sﬁmulated due to the

increase in the amount of available carbon. Addition of grain straw, which typically has
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a C/N ratio of 80:1 (Havlin et al. 1999) usually results in an initial net reduction of plant
available N (immobilization), since there is a lack of N relative to carbon to meet the
nutritional demands of the microbial population (Schoenau 1995). Conversely, legume
residues have a lower C/N ratio compared to cereal residues (Bremer and van Kessel
1992; Janzen and Kucey 1988; Ladd et al. 1983). The C/N ratio of legume residue is in
the range of 11:1 (Ladd et al. 1983) to 37:1 (Janzen and Kucey 1988), depending on soil
N status and whether the residue added is fresh or mature. Residues with a low C/N ratio
usually result in net N mineralization, in turn increasing N availability.

The C/N ratio is also an indicator of the length of time required until a portion of
the residue N is made available, which in turn affects the temporal distribution of residue
N availability. Upon residue addition, N is made available from residues with a low C/N
ratio more quickly compared to residues with a high C/N ratio, resulting in net initial
mineralization (Havlin et al. 1999). Mooleki et al. (1997) observed that at three of four
sites in Saskatchewan, N derived by spring wheat from lentil residue was higher
throughout the growing season compared to N derived from wheat residue, and was also

made available earlier in the growing season.

2.3.2.4 Crop Residue Quality and Placement

Lohnis (1926, cited in Jansson and Persson 1982) suggested the addition of fresh
green manure rich in readily available sources of energy and N resulted in enhanced
mineralization and immobilization of soil organic N and C. A number of researchers
have noted fertilizer N uptake efficiency as measured by the difference method (Tomar

and Soper 1981b) is higher than that measured by using labeled-N, suggesting that there
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is more organic N mineralized in fertilized plots (Fu et al. 1999). This observation is
referred to as the “priming effect” (Cowell and Doyle 1993; Fu et al. 1999; Jansson and
Persson 1982; Tomar and Soper 1987; Yaacob and Blair 1980). The contribution of the
priming effect to soil inorganic N supply depends on the nature of the amendment as well
as characteristics of the soil system to which the amendment is added (Yaacob and Blair
1980). Of importance to the overall inorganic N supply is whether net mineralization or
immobilization occurs, since mineralization and immobilization are both enhanced upon
the addition of residues to a soil system.

Residue quality and placement may also affect the availability of applied fertilizer
N as a result of fertilizer N immobilization. When the C/N ratio is high and soil
microorganisms exhaust the residue N supply, fertilizer N can be immobilized. Tomar
and Soper (1987) investigated the effect of crop residue and '*N-labeled urea placement
method on °N recovery of canola, and observed that because of the interaction of
residues and fertilizer (in the presence of soil microorganisms), recovery of '°N in canola
that received point injected urea was higher than when urea was mixed throughout the
soil. N fertilizer that is broadcast is generally more prone to immobilization than N
fertilizer that is banded due to increased contact of the fertilizer with the crop residue and

soil (Harapiak et al. 1987).

2.3.2.5 Nitrogen in Microbial Biomass
Mineralization of plant residue N is not the only source of mineralized N. While
soil microorganisms facilitate the decomposition of crop residues and mineralization of

organic N, soil microorganisms are also a large N sink (Bremer and van Kessel 1992).
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Smith and Paul (1990, cited in Bremer and van Kessel 1992) estimated the microbial N
content of Prairie soils to vary between 48 to 385 kg ha™. Changes in microbial
population composition and size during the course of the growing season will therefore

exert a significant effect on soil N status.

2.3.3 Fertilizer Nitrogen

As inherent soil N-supplying power has declined in western Canada, greater
reliance has been placed on the use of synthetic N fertilizers. At present, N is by far the
most important fertilizer nutrient used by western Canadian producers (Harapiak et al.
1993). For example, in the year ending June 30, 2001, 2.463 million tones (MT) of N
fertilizer was applied in western Canada (Canadian Fertilizer Institute 2001). Urea
represents 50% of total N fertilizer usage, followed by anhydrous ammonia (22%),

ammonium sulfate (14%), and ammonium nitrate (< 1%).

2.3.3.1 Urea

The N content of granular urea is roughly 46% (Havlin et al. 1999). Hydrolysis
of urea (CO(NH>),) by the urease enzyme takes place when soil moisture is favorable,
resulting in the formation of ammonium carbamate (NH4COONH,) (Koelliker and Kissel
1988). Because it is unstable, ammonium carbamate dissociates into ammonia (NH3) and
carbon dioxide (COy).

CO(NH3), + 2H,0 — NH4COONH, — 2NH; + CO,
The NH; formed as a result of the dissociation of ammonium carbamate enters

equilibrium with NH4" in soil solution. As soil pH increases, the proportion of
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ammoniacal N present as NH4" decreases (Nelson 1982). NH," may be temporarily
bound to soil particles or nitrified to form NO;”. When conditions are favorable for crop
growth (i.e. adequate soil moisture and warm temperatures), completion of urea
hydrolysis occurs in a few days (Harapiak et al. 1987).

The urease enzyme is an important consideration when urea is applied, as the rate
of urea hydrolysis is directly affected by the activity of urease (Kissel and Cabrera 1988).
However, urease activity typically does not limit urea hydrolysis, since urease functions
effectively in any soil in which plants can grow (Fenn and Hossner 1985). Urease
activity is also related to soil temperature and soil moisture. Enzymatic reactions are
enhanced at higher temperatures while urease activity decreases as moisture becomes
more limiting (Kissel and Cabrera 1988).

Urea can be broadcast or banded in granular form. The volatile loss of NHj3 is
generally higher when urea is broadcast, reducing fertilizer efficiency (Malhi et al. 1996;
Raczkowski and Kissel 1989). Conventional urea may be modified to inhibit urea
hydrolysis and delay plant N availability. Urease inhibitors such as NBPT (N-(n-butyl)
thiophosphoric triamide) have been demonstrated to reduce the rate of urea hydrolysis
and volatile NHj; losses, as well as increase N recovery (Grant et al. 1996). Granular urea
can also be coated with sulphur or polymer coatings in order to delay N availability and

improve N recovery (Hauck 1985).

2.3.3.2 Ammonium Nitrate
The N content of ammonium nitrate (AN) is between 33 and 34% (Havlin et al.

1999). AN is a unique granular N source, since it contains 50% of its N in the NO;™ form
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and 50% of its N in the NH;" form (Harapiak et al. 1987). Because 50% of the N is
already in the NOs™ form, it is the fastest acting granular N fertilizer and most readily
available to plants (Harapiak et al. 1987). Its enhanced plant availability makes AN the
most popular granular N source for topdressing, although AN can be both broadcast and

banded (Havlin et al. 1999).

2.3.3.3 Nitrogen Use Efficiency

Fertilizer nitrogen use efficiency (NUE) is expressed as the percentage of
fertilizer N utilized by the crop (Cowell and Doyle 1993b), and rarely exceeds 50% due
to a number of factors. Depending on fertilizer N source, N losses may be due to
immobilization by soil microorganisms (Cowell and Doyle 1993b; Ladd and Amato
1986; Tomar and Soper 1987), NH," fixation (Nommik and Vahtras 1982; Olu Obi et al.
1986); denitrification (Firestone 1982), NO;™ leaching (Nyborg et al. 1993), and NH;
volatilization (Nelson 1982; Terman, 1979). Therefore, the goal of fertilizer N
application should be to minimize the amount of N lost from the cropping system through
these processes. When fertilizers are placed properly and application (and availability) is
timed as much as possible to coincide with crop uptake, different fertilizer sources are
similar in effectiveness (Olson and Kurtz 1982), since the potential of N losses from the

system are reduced.

2.4 Physiological Aspects of Nitrogen Uptake
N is unique among plant nutrients, since it can be taken up either in the anion

(NOj3) or cation (NH,") form (Goos et al. 1999). For annual crops, N is taken up
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primarily as NOj, since NH,", whether applied as N fertilizer or made available as a
result of mineralization, is quickly nitrified to NO;™ in most circumstances (Borghi 1999;
Olson and Kurtz 1982). A combination of NO; and NH," is generally optimal for plant
growth (Camberato and Bock 1990a; Camberato and Bock 1990b; Goos et al. 1999;
Wang and Below 1992).

Since NO;™ moves via mass flow, the rate of NO;™ uptake is dependent on the
concentration of NOj” in the soil solution and the volume of water utilized by the plant
(Olson and Kurtz 1982). Therefore, the rate of NO5™ uptake is closely related to the rate
of plant growth and is therefore regulated by a complex array of repressive and
derepressive signals in the plant rather than solely being a function of NO;™ concentration
in proximity to the roots (Tourraine and Gojon 2001). Roots are able to control the
amount of NO; uptake based on signals transported to roots from shoots via the phloem
that indicate the nutritional status of the plant as a whole (Tourraine and Gojon 2001).

Plant uptake of NOs’ is against an electrochemical gradient (Abrol et al. 1984). In
order to prevent a buildup of negative charge as a result of NOs™ uptake, the plant
concurrently takes up cations such as calcium, potassium, and magnesium, and excretes
bicarbonate (HCO5') and hydroxyl (OH’) groups, increasing the pH of the rhizosphere.
Upon absorption, NOj” is reduced to NH4" in roots or shoots in a process catalyzed by
two enzymes, namely nitrate reductase and nitrite reductase (Naik et al. 1982; Borghi
1999). Since accumulation of NH," is toxic to plants (Salisbury and Ross 1992), NH," is
converted to glutamine, a reaction catalyzed by glutamine synthetase. Glutamate
synthase then transfers the amide group of glutamine to one of the carbon molecules of

o-ketoglutarate, forming two molecules of glutamate. Glutamate undergoes
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transamination reactions to form a variety of amino acids (principally glutamic acid,
aspartic acid, and arparagine) that can be transported to vegetative tissues (Salisbury and

Ross 1992).

2.5 Pattern, Rate, and Duration of Dry Matter Production and Nitrogen Uptake

A number of researchers have evaluated the evolution of dry matter (DM)
production and plant N uptake over the course of the growing season in winter wheat
(Darroch and Fowler 1990; Entz and Fowler 1989; Karlen and Whitney 1980; Spiertz and
Ellen 1978; Waldren and Flowerday 1979) and spring wheat (Bauer et al. 1987a; Bauer et
al. 1987b; Boatwright and Haas 1961; Campbell et al. 1977a; Campbell et al. 1977b;
Campbell et al. 1979; Campbell et al. 1990; Clarke et al. 1990; Frank et al. 1989; McNeal
et al. 1968; Miller et al. 1994). The relationship between DM production and N
accumulation is important in understanding the dynamics of yield and PC, especially in
relation to environmental factors and crop management practices.

Spring wheat aboveground DM and N accumulation follow a sigmoidal pattern
(Boatwright and Haas 1961; Johnston and Fowler 1990; Spratt and Gasser 1970).
However, the point at which accumulation rate significantly increases differs for DM and
N. In the early stages of development, N accumulation rate exceeds DM production
(Campbell et al. 1977a; Cowell and Doyle 1993b; Darroch and Fowler 1990). Campbell
et al. (1977a) demonstrated that N accumulated in spring wheat plants at the flag leaf
stage represented 70% of total N uptake at harvest, while only 50 to 65% of DM had
accumulated. In winter wheat, Waldren and Flowerday (1979) reported DM production

was 40 % of total DM production by the flag leaf stage, while N accumulation reached
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70% of total N. In no-till winter wheat, Darroch and Fowler observed that on average,
70% of total DM (varying between 57 to 89%) and 89% of total N (varying between 70
to 106%) was present in the plant by anthesis. Johnston and Fowler (1991) determined
that no-till winter wheat reached maximum plant N content by the mid-boot stage. DM
production reached 62% of maximum by mid-boot stage and reached its maximum at
mid-anthesis. Therefore, N availability early in the growing season is essential to overall
plant N uptake, since a large portion of N uptake occurs before anthesis.

The rate of DM and N accumulation changes temporally, varying with crop stage
and environmental conditions. Johnston and Fowler (1991b) determined winter wheat
DM accumulation rate reached its maximum between Zadoks 30 (pseudo-stem erection)
and 45 (swollen boot). However, when low precipitation and high evaporative demand
occurred during that period, maximum DM accumulation rate occurred between Zadoks
45 and 65 (mid-anthesis). N accumulation rate reached its maximum during the earliest
growth stage that was monitored (Zadoks 22, or seedling with 2 tillers). Campbell et al.
(1977a) found the highest rate of spring wheat N uptake was observed during the greatest

period of crop water usage, namely between tillering and the flag leaf stage.

2.6 Factors Affecting Nitrogen Uptake

Given the results reported by Darroch and Fowler (1990), the quantity and
percentage of N taken up after anthesis varies greatly. Post-anthesis N uptake depends on
a number of environmental factors, and can have a considerable impact on the

relationship between yield and PC. In general, N taken up prior to the boot stage
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promotes DM production and grain yield, while N taken up after the boot stage
contributes more to PC (Darwinkel 1983; Selles et al. 1997; Wuest and Cassman 1992a;).

N made available to the plant near or after anthesis as N fertilizer (Alcoz et al.
1993; Hogg and Brown 1997; Miceli et al. 1992; Tran and Tremblay 2000; Wuest and
Cassman 1992a), mineralized N, or residual N (Broadbent 1984; Cochran et al. 1978;
Lotfollahi et al. 1997; Olson 1984) is more effectively transported to grain than N
supplied at planting. Environmental conditions such as moisture availability (Campbell
et al. 1977b; Campbell et al. 1990; Darroch and Fowler 1990) and temperature (Campbell
and Davidson 1979; Campbell et al. 1981) also affect the efficiency of N applied near or

after anthesis.

2.6.1 Effect of Dry Matter Production on Nitrogen Uptake

Plant N uptake is positively related to DM production and available water (Clarke
et al. 1990), since NO;” movement to the plant depends on mass flow, which in turn is
dependent in part on plant water demand. Campbell et al. (1990) evaluated the dynamics
of kernel N and DM accumulation of four spring wheat cultivars grown under dryland or
irrigated conditions. Kernel N accumulation was dependent on kernel DM response,
since increased water availability increased DM production and facilitated N uptake.
Compared to dryland wheat, the duration of the filling period was extended by 33% with
irrigation, permitting plant N uptake and DM production to increase considerably after
anthesis for irrigated wheat. Under dryland conditions, Johnston and Fowler (1991b) also
found that increased moisture availability during the filling period permitted growth and

N uptake to occur for a longer period, and delayed maximum N and DM accumulation.
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Soil N fertility also exerts a significant influence on N uptake and DM
production. Campbell et al. (1977a) observed differences in water usage related to N
fertilizer rate as early as the tillering phase, where available water decreased with
increasing N fertility. Darroch and Fowler (1990) found winter wheat N fertilization
increased both DM and N. yield, particularly where residual soil N levels were
intermediate to high. Boatwright and Haas (1961) determined the crop stage at which N
content reached its maximum differed for spring wheat subjected to different N regimes.
Wheat fertilized with N reached maximum DM and N accumulation at the soft dough
stage, while wheat that did not receive N fertilizer reached the same maxima at maturity.
The authors speculated that N deficiency in unfertilized plots reduced DM accumulation

and that unfertilized wheat depended more on soil N during grain filling.

2.6.2 Effect of Soil Moisture Availability on Nitrogen Uptake

Given favorable moisture conditions, plants are able to produce more DM and
accumulate a greater amount of N compared to when soil moisture is lacking. Campbell
et al. (1977b) reported wheat accumulated only 25 to 40% of total DM and 33 to 60% of
total N by the flag leaf stage in a wet environment, compared to 50-65% and 70%,
respectively, for a dry environment. McNeal et al. (1968) found 92% of plant N was
accumulated by anthesis for wheat grown under dryland conditions compared to 80% for
wheat grown under irrigated conditions. The amount of available N will be depleted
more rapidly under more optimal moisture conditions, since the rate of DM accumulation

is elevated (Campbell et al. 1977b).
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Soil moisture availability after anthesis also has a dramatic effect on N uptake.

Clarke et al. (1990) evaluated the N uptake of two spring wheat and two durum wheat
cultivars grown under dryland conditions at Swift Current. Between 67 to 102% of total
plant N was accumulated by anthesis, similar to the results reported by Darroch and
Fowler (1990) for no-till dryland winter wheat. Post-anthesis uptake of N was greater
under moist environments relative to dry environments, and total N uptake was
proportional to available water. In conditions where late season soil water and N supplies
are ideal, the proportion of N taken up after anthesis can be as high as 44 to 51% (Spiertz

and Ellen 1978).

2.6.3 Effect of Temperature on Nitrogen Uptake

Temperature interacts with soil moisture and N fertility to influence N uptake, and
indirectly affects N uptake by influencing yield. As reported in a series of studies carried
out by Campbell et al., Manitou spring wheat was grown under three combinations of
day/night temperature regimes (27/12°C, 22/12°C, and 17/12°C), three fertilizer N rates
and three degrees of moisture stress of varying lengths (Campbell and Davidson 1979;
Campbell et al. 1981; Davidson and Campbell 1984). Temperature affected
photosynthesis and growth the most; temperature and moisture affected the N status of
the plant by affecting yield, while the effect of N rate on plant N status was direct.

Furthermore, the effect of N availability on protein content was twice as
important as the effect of temperature, and 15 times more important than the effect of
moisture (Campbell et al. 1981). Temperature was the main factor that influenced the

number of spikelets, seed weight, and time to maturity, thereby affecting yield. Although
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grain PC increased from approximately 10 to 10.3% when the temperature regime
changed from 17/12°C to 22/12°C, PC increased to 14.8% when the 27/12°C temperature
regime was imposed, due to the effect of increased temperature on enhanced moisture

stress and its subsequent effect on reduced carbohydrate synthesis.

2.7 Effect of Crop Management Practices on Nitrogen Availability and Uptake

The effect of cropping practices, both in terms of crop rotation and fertilizer
management, clearly have a profound impact on the N-supplying power of the soil.
Environmental factors, such as weather variables or soil properties, regulate N
availability. This section deals with the effects of crop rotation on the N-supplying

power of cropping systems and crop N uptake.

2.7.1 General Effects of Annual Legumes on Wheat Yield, Nitrogen Availability
and Nitrogen Uptake

Production of annual grain legumes such as field peas, lentils, and chickpeas has
increased considerably in western Canada over the past 15 years (Biederbeck et al. 1996).
The most recognized benefit to the production of a cereal following the production of an
annual legume is an increase in yield (Evans et al. 1991; Felton et al. 1998; McDonald
1989; Stevenson and van Kessel 1996). In northern Alberta, Wright (1990) found that
compared to barley grown after barley, barley yield was increased an average of 21%
when grown after field pea, faba bean, or lentil. Using producer yield data from
Manitoba, Bourgeois and Entz (1996) found the yield of wheat grown after pea was 25%

higher compared to the yield of wheat grown after wheat. Similar results have been
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reported in Australia in comparing the yield of wheat grown after wheat versus wheat
grown after field peas (Evans et al. 1991; Silsbury 1990; Strong et al. 1986), lentil
(Heenan et al. 1998), lupin (Chalk et al. 1993; Doyle et al. 1988; Evans et al. 1991;
Reeves et al. 1984; Rowland et al. 1988), and chickpea (Felton et al. 1998; Holford and
Crocker 1997; Marcellos 1984; Strong et al. 1986).

Along with increases in yield, increases in wheat N uptake (Beckie et al. 1997,
Doyle et al. 1988; Fu et al. 1999; Holford and Crocker 1997; Miller et al. 1998b; Miller et
al. 2002b; Mooleki et al. 1997; Reeves et al. 1984; Strong et al. 1986b; Wright et al.
1990) and soil N availability (Beckie et al. 1997; Chalk et al. 1993; Evans et al. 1991;
Felton et al. 1988; Fu et al. 1999; Miller at al. 2002b; Mooleki et al. 1997; Rowland et al.
1988; Strong et al. 1986a) have been demonstrated when wheat grown on legume stubble

is compared to wheat grown on non-legume stubble.

2.7.2 Nitrogen and Non-Nitrogen Benefits of Annual Legumes

The N residual effect is defined as the amount of fertilizer N required for a
non-legume crop grown on non-legume stubble to produce the same yield as that of the
non-legume grown on legume stubble (Beckie and Brandt 1997). Estimates of the N
residual effect of legumes vary from 27 kg ha™' (Beckie and Brandt 1997) to 100 kg ha™
(Wright 1990), and can be attributed to both N and non-N benefits.

When the difference in yield potential for a cereal following a cereal in rotation
versus a cereal following a legume can be made up for with the addition of N fertilizer,
yield differences are considered to be due to the N benefit (Beckie and Brandt 1997).

The non-N benefit is defined as the remainder of the rotational benefit that cannot be



28
compensated for by N fertilizer (Stevenson and van Kessel 1995), which can include
breaks in disease cycles (Evans et al. 1991; Felton et al. 1998; Reeves et al. 1984;
Stevenson and van Kessel 1996), reduction in weed populations (Stevenson and van
Kessel 1996), and the sparing of soil water (Elliott et al. 1987; Miller et al. 1998a; Miller
et al. 2002b). The relative N and non-N benefits of a legume to the succeeding cereal
depend on a number of factors. In order to distinguish the N benefits of various stubble
types from non-N benefits, reference crops must be chosen that have comparable non-N

benefits, thereby effectively eliminating the non-N benefits to the subsequent crop.

2.7.3 Direct Nitrogen Benefits of Annual Legumes

The N benefit of a legume to the subsequent crop can be divided into direct and
indirect N benefits, each having specific sources on N from which they are generated
(Stevenson and van Kessel 1995). The direct N benefit comes from N made available
through the mineralization of the legume residue, which is a function of the amount of N
fixed in the residue and the degree to which the N fixed in the residue is made available

to the following crop.

2.7.3.1 Nitrogen Fixation

The major N benefit of legumes in rotations is usually attributed to the release of
biologically-fixed N from legume residue (Wright 1990). Legumes do not acquire their
total N requirement solely via N-fixation; a portion of their total N needs is satisfied by
soil mineral N. Using the '°N natural abundance technique, Androsoff et al. (1995)

estimated the percentage of N derived from the atmosphere (%Ndfa) of field pea at
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44.5%, with a range of 0 to 92.8%, depending on landscape position, soil NOj;™ levels,
and seed yield. Using the same technique, Stevenson et al. (1995) recorded a similar
range in field pea at flowering (24 to 94% Ndfa) and harvest (41 to 100% Ndfa),
depending principally on soil inorganic N content. When soil N levels are high, legumes
exhibit a lower %Ndfa, since a greater proportion of the legume’s N requirement can be
acquired from the soil.

Legumes may fix a large amount of N, but the percentage of N removed with the
seed, also known as the N harvest index, is typically in the range of 60 to 80% (Peoples et
al. 1995). McCallum et al (2000) found the amount of N fixed in field pea shoot DM was
between 121 to 175 kg ha™, yet 115 to 151 kg ha” of N was removed with the seed.
Despite total field pea N fixation of 220 to 227 kg ha” and atmospheric N fixation of 133
to 183 kg ha™ (60 to 81 %Ndfa), Peoples et al. (1995) reported 135 to 162 kg ha™' N was
exported with the seed, leaving an N balance of —2 to +21 kg ha™ N. The %Ndfa above
gains to soil N were likely to occur from lupin and pea was estimated by Evans et al.
(1989) to be 50 and 65%, respectively. In evaluating the N contribution of grain legumes
to a subsequent cereal crop, the idea that the production of a grain legume will always
result in an improvement of the soil N status is false, since a low %Ndfa reduces the

legume N benefit.

2.7.3.2 Nitrogen in Crop Residues
The direct N contribution of a grain legume is strongly related to the amount of
DM produced by the legume (Adderley et al. 1998; Armstrong et al. 1994; Beckie and

Brandt 1997; Evans et al. 1989; McCallum et al. 2000). Beckie and Brandt (1997)
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detemined the N residual benefit of field pea to a succeeding non-legume crop to be 15
kg N ha™ for every 1000 kg ha' of seed produced in the Black soil zone. Biederbeck et
al. (1996) estimated the average N value of field pea and lentil to be 18.1 and
9.4 kg N ha in western Canada, respectively, although the N credit is higher in areas
where soil moisture levels are more favorable such as the Black soil zone.

Once legume grain is harvested, the sole direct N benefit of a grain legume is
from plant residue N. The amount of N in aboveground pea residue is usually less than
35 kg ha', and is estimated to be not more than 25 kg ha! above the amount found in
cereal residue (Wright 1990). Biederbeck et al. (1996) estimated the amount of N in
aboveground grain legume residue to be between 5 to 25 kg ha™'. However, in order for
legume residue N to be available to the subsequent crop, it must undergo mineralization,
a process that depends on a number of factors.

Because annual legume residues have a lower C/N ratio compared to cereal
residues (Bremer and van Kessel 1992; Janzen and Kucey 1988; Ladd et al. 1983),
mineralization is expected to occur more quickly for legume residue, in turn affecting the
amount and timing of residue N availability to the following crop. Estimates of the
percentage of legume residue N recovered by a subsequent cereal crop are commonly in
the range of 25 to 30% (Beckie et al. 1997; Senaratne and Hardarson 1988). Therefore,
compared to plant recovery of fertilizer N, recovery of legume residue N tends to be
lower (Bremer and van Kessel 1992; Janzen et al. 1990; Ladd and Amato 1986).

During the first growing season after legume harvest, a significant portion of
legume residue N is retained as organic N, particularly in semiarid environments. Ladd

et al. (1986) measured the recovery of medic (Medicago littoralis) residue N by wheat at
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17%; 62% remained as organic N in the soil. Other authors have reported similar
findings (Ladd et al. 1981; Ladd et al. 1983; Amato et al. 1984; Muller and Sundman
1988). In comparing the direct N benefit of lentil and wheat residues to a wheat crop in
western Canada, Bremer and van Kessel (1992) found 7% of the '’N-labeled wheat and
lentil residue was mineralized by the end of the growing season, compared to 37% of
*N-labeled lentil green manure, since the green manure had a much lower C/N ratio.
Only 5.5% of the °N added in the wheat and lentil straw was recovered by the wheat
crop, while roughly 40% of the green manure N was potentially plant-available.
In environments where NO;™ leaching or denitrification is a problem, the potential
N release from legume residue may be underestimated. Jensen (1993) found an average
of 60% of the N mineralized from mature pea residue was recovered by winter barley and
winter rapeseed when the crop was established immediately after incorporation of pea
residue, versus 36 and 15% for fall and spring-sown crops, respectively. Therefore, the
net direct N benefit of legume residue depends strongly on factors that influence

mineralization as well as other soil N processes.

2.7.4 Indirect Nitrogen Benefits

The indirect N benefit of annual legumes in crop rotations is a function of
increased plant N uptake of N from N fertilizer, soil organic mater (SOM), and residual
N. However, the indirect N benefit is not necessarily independent of the non-N benefit,
since improvements in plant health that result from a non-N benefit will increase N

uptake (Stevenson and van Kessel 1995). Two major indirect N benefits associated with
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annual legumes are the conservation of soil N (Beckie et al. 1997; Chalk et al. 1993;

McDonald 1989) and increased N uptake from non-legume sources (Fu et al. 1999).

2.7.4.1 Conservation of Soil Nitrogen

When grain legumes are able to fix a considerable portion of their N needs via
biological N fixation, the proportion of plant N derived from inorganic soil N is generally
reduced. Given the uncertainty surrounding the timing and amount of N made available
through the decomposition and mineralization of legume residue, the “N sparing” or “N
conserving” effect (Beckie et al. 1997; Chalk et al. 1993; McDonald 1989) of grain
legumes can be of considerable contribution to the total N benefit.

After the harvest of a variety of cereal, oilseed, and legume crops, Strong et al.
(1986a) monitored NO3™-N and NH;"-N in the top 120 cm of the soil profile. Forty days
after harvest, soil inorganic N was higher where legumes were grown (34 to 76 kg ha™)
compared to where oilseeds or cereals were grown (16 to 30 kg ha). The net soil
mineral N increase 145 d after the first soil sampling was much higher for legume stubble
(53 to 85 kg ha™!) than for cereal (21 to 27 kg ha™) or oilseed (40 kg ha™") stubble.

In a similar study, Francis et al. (1994) determined soil N removal by barley,
rapeseed (Brassica napus L.), and lupins was in the range of 104 to 119 kg ha,
compared to a range of 50 to 74 kg ha™ for field beans, field peas, or lentils. The high N
removal by lupin was attributed to higher lupin grain N yield rather than grain yield.
The amount of mineral N conserved by lupin or pea was estimated by Evans et al. (1991)

to be up to 60 kg ha™ to a depth of only 10 cm. Compared to the total N accumulated in
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the legume residue (up to 152 kg ha'), the authors estimated the soil N conserving effect

was responsible for 77% of the N benefit to a subsequent wheat crop.

2.7.4.2 Increased Nitrogen Uptake from Non-Legume Sources

The other main indirect N benefit attributed to wheat grown after legumes is the
increased uptake of N from SOM and fertilizer N (Stevenson and van Kessel 1995).
Where fertilizer N uptake efficiency as measured by the difference method is higher than
that measured by using labeled-N, more organic N is being mineralized (and probably
immobilized) in fertilized plots (Fu et al. 1999). The difference between the two values
is attributed to the priming effect (Cowell and Doyle 1993b; Fu et al. 1999; Jansson and
Persson 1982; Tomar and Soper 1987). The simultaneous stimulation of mineralization
and immobilization when legume residues are added means that recovery of N from
residue is often low, even when the residue has a low C/N ratio and is expected to result
in net mineralization (Stevenson and van Kessel 1995; Stevenson and van Kessel 1997).

In a study comparing the N contribution of chickpea and wheat residues to a
subsequent wheat crop, Fu et al. (1999) hypothesized that since net >N recovery will be
subject to other soil N processes such as immobilization, estimates of the amount of
legume residue N mineralized will be low. The added nitrogen interaction, defined as the
increase or decrease in mineralization of native soil N following fertilizer application,
and was determined to be 1.80 kg N ha™ for chickpea residue, compared to —0.82 kg
N ha'! for wheat residue. N recovery by wheat from chickpea residue in footslope

positions was also significantly higher compared to N recovery from wheat residue. The
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lack of differences in shoulder positions was attributed to a lack of moisture, reinforcing

the importance of soil moisture on mineralization of N from crop residues.

2.7.5 Relative Contribution of Nitrogen and Non-Nitrogen Benefits

The N and non-N benefits of legumes are most often studied by comparing the
productivity of wheat grown after a cereal versus wheat grown after a legume. In a
number of these studies, the contribution of the legume in breaking disease cycles has
been considerable (Felton et al. 1998; Reeves et al. 1984; Stevenson and van Kessel
1995; Stevenson and van Kessel 1996; Stevenson and van Kessel 1997). Comparing
wheat produced on field pea and wheat stubble, Stevenson and van Kessel (1996)
attributed 91% of the yield advantage (equivalent to a 129 kg ha! increase in soil N
supplying power) of wheat grown after field pea to reduced leaf disease severity and
reduced grassy weed infestations.

In annual cropping sequences in western Canada, a broadleaf crop such as an
oilseed or pulse crop often follows a cereal crop in order to break disease cycles. By
using two reference crops that are expected to provide similar reductions in pest pressure,
the N benefits of legumes can be more effectively evaluated. Using wheat, pea, and
canola as reference crops, Stevenson and van Kessel (1998) found wheat grain yield was
14% higher when either canola or pea was used as a reference crop compared to using
wheat. Leaf disease severity was reduced 17 to 30% when canola and pea were used as
reference crops compared to wheat. The authors attributed the wheat yield increase

associated with non-cereal reference crops to be solely a result of the non-N benefit.
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Conversely, pea and flax were used by Beckie as the reference crops preceding a

wheat crop (Beckie and Brandt 1997; Beckie et al. 1997). By using two non-cereal
reference crops, differences in the non-N benefits of the reference crops were effectively
limited. The total N benefit was equivalent to the residual N effect, meaning the amount
of fertilizer required for wheat grown on flax stubble to produce the same yield as wheat
grown on pea stubble was attributable solely to the N contribution of pea to the wheat
crop. Reference crops must be chosen carefully in order for research to provide

meaningful results with respect to current and accepted crop management practices.

2.8 Controlled-Release Fertilizers

One of the ways fertilizer N recovery can be increased is via the use of fertilizers
designed to time N release to match crop uptake (Haderlein et al. 2001; Hauck 1985;
Shaviv 2001; Shaviv and Mikkelsen 1993). Controlled-release fertilizers (CRFs) have
been designed with this idea in mind. The pattern of N release from CRFs is different
from slow-release fertilizers (SRFs) (Haderlein et al 2001; Shaviv 2001). SRFs release a
given nutrient more slowly than conventional fertilizers, but the pattern and rate of
release are not well controlled (Shaviv 2001). Conversely, the nutrient release pattern of
CRFs is well-defined and predictable (Haderlein et al. 2001; Tindall and Detrick 1999).

One type of CRF, namely polymer-coated urea (PCU), is a water-soluble fertilizer
coated with a polymer (Haderlein et al. 2001; Tindall and Detrick 1999). When PCU is
placed in moist soil, the polymer coating absorbs moisture. The rate at which water is

absorbed depends on the thickness and type of polymer. Therefore, the rate of nutrient
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release is not dependent on soil moisture content per se, and can be both controlled and
predicted accurately (Tindall and Detrick 1999).

Global CRF usage is roughly 0.5 million tonnes, or 0.15% of total global fertilizer
use (Shaviv 2001). The high cost of CRFs is roughly 2.5 to 8 times that of a
corresponding conventional fertilizer (Shaviv and Mikkelsen 1993) and is part of the
reason behind their lack of adoption by producers. CRF use is currently targeted to
intensively grown, high value crops such as vegetables, citrus crops, and golf course turf
(Shaviv 2001), although the fertilizer manufacturer Agrium is developing a low cost
controlled-release urea product (CRU) for use in large-scale conventional field crop

production (Haderlein et al. 2001).

2.8.1 Use of Controlled-Release Urea in Field Crop Production

Limited research exists on the utility of CRFs in large-scale field crop production.
Tindall and Detrick (1999) cited a number of fertilizer trials carried out with the PCU
Polyon Ag where yields of winter wheat, corn, and soybeans increased with Polyon Ag
when compared to typical producer fertilizer practices. Haderlein et al. (2001) compared
the effect of side-banded CRU and wurea in spring wheat production and found CRU
resulted in significantly higher PC and NUE relative to conventional urea. The authors
cited increased N uptake and recovery from CRU later in the growing season as the
reason for the differences between fertilizer N sources. In comparing three forms of
controlled release N with AN in potato production, Wahab and Hogg (1995) found the
variety Russet Burbank produced higher yields when fertilized with controlled release N

while Norland potato did not. Cultivar differences with respect to N response were
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attributed to differences in N requirements later in the growing season; Russet Burbank is
a more vigorous late maturing potato that requires N over a longer period.

Crop recovery of PCU is greater compared to conventional fertilizer due in part to
a reduction of N losses such as NOs leaching and denitrification (Haderlein et al. 2001;
Nyborg et al. 1993 (cited in Haderlein et al. 2001); Shoji et al. 1991). Shoji et al. (1991)
also found substantially higher plant recovery of PCU relative to conventional urea in
years when precipitation is excessive. Increased PCU N recovery results in potential N

loss and reduces negative environmental impacts.

2.9 Protein Content

Wheat PC is defined as the concentration of N in the grain multiplied by 5.7
(Simmonds and O’Brien 1981). Wheat PC ranges from 8 to 20% (Selles and Zentner
1998) and is a function of both genotype and environment, the latter being a combination
of the amount of N available to the plant and weather conditions during the growing
season (Campbell et al. 1997; Smika and Greb 1973). In the Great Plains of North
America, environment has a greater effect on PC compared to genotype (Terman et al.
1969), although under the same environmental conditions, different wheat genotypes
within the same class have been shown to respond differently to increasing N availability

(Campbell et al. 1990, Clarke et al. 1990; Gauer et al. 1992).

2.9.1 Relationship Between Yield and Protein Content
The inverse relationship between yield and protein has been widely documented

(Campbell et al. 1997; Entz and Fowler 1988; Hutcheon and Paul 1966; McNeal et al.
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1972; Selles et al. 1997; Terman et al. 1969). The majority of the wheat is composed of
carbohydrate, of which the majority is starch. Protein is the second most plentiful
component of the grain, although it represents only 7 to 15% of total grain weight
(Shewry and Miflin 1985). Therefore, the amount of carbohydrate in the kernel in
relation to N dictates grain PC. In a study of a number of spring wheat crosses, McNeal
et al. (1972) observed that N uptake and N translocation efficiency varied little between
the crosses, meaning grain N yield was similar. However, PC differed considerably
among the crosses due to the amount of carbohydrate translocated into the grain.
Therefore, factors that limit carbohydrate and DM production during the plant’s
reproductive phase will result in higher PC.

During the filling period, kernel N and carbohydrate content vary. Under dryland
conditions, Campbell et al. (1990) found the concentration of N in the kernel of four
spring wheat cultivars increased linearly with time; Bauer et al (1987b) and Sofield et al.
(1977) reported similar findings. Under irrigated conditions, however, N concentration in
the kernel followed a curvilinear pattern, the rate of increase decreasing after anthesis and
reaching a minimum between 28 to 37 d after anthesis. In irrigated plots, the rate of DM
accumulation throughout most of the filling period exceeded the rate of N accumulation,
in turn depressing kernel N concentration. Near maturity, N concentration increased.
Soil N and moisture levels were high during filling, permitting continued N uptake while

DM production decreased due to the senescence of plant tissues.
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2.9.2 Translocation of Nitrogen and Carbohydrates to the Grain
The quantity of N in the wheat kernel is dependent on two sources, namely N
assimilated during vegetative development and N taken up during grain filling (Abrol et
al. 1984). N translocated from vegetative material is the principal source of grain N for
the kernel (Boatwright and Haas 1961; Campbell et al. 1990; Clarke et al. 1990; Darroch
and Fowler 1990; Spiertz and Ellen 1978), although N must first be converted into a
translocatable form in order to be transported to the kernel. Most of the N in vegetative
tissues exists as protein; in leaf tissue the principal protein is the chloroplast enzyme
ribulose-1,5-bisphosphate carboxylase, or Rubisco (Peoples et al. 1980). Protein is
hydrolyzed by peptide hydrolases (Waters et al. 1980), and the N is translocated
principally as glutamine, asparagine, glutamate, and aspartate (Salisbury and Ross 1992).
Not to be overlooked, translocation of carbohydrates is also an important
consideration during grain filling. Carbohydrates are assimilated before anthesis, stored
primarily in the stem, and translocated to the grain after anthesis (Palta et al. 1994;
Spiertz and Ellen 1978; van Herwaarden et al. 1998). Water-soluble carbohydrate
reserves in the stem become a larger fraction of total grain biomass when post-anthesis
moisture stress limits DM production (Palta et al. 1994; van Herwaarden et al. 1998).
With increasing N fertility, the relative importance of vegetative material as a
source of translocatable N increases. Boatwright and Haas (1961) observed that wheat
fertilized with N reached maximum DM and N accumulation at the soft dough stage,
while wheat that did not receive N fertilizer reached the same point at maturity. The
authors speculated that reduced DM accumulation as a result of N deficiency on

unfertilized plots reduced N uptake, and that unfertilized wheat depended more on soil N
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during grain filling. When wheat was restricted to a soil N level of 0 kg ha! by Nair et
al. (1978), the uppermost three leaf blades contributed 22.7% of total grain N.
Conversely, when wheat was grown at a soil N level of 120 kg ha™, the uppermost three
leaf blades contributed 48.5% of total grain N. The amount of N translocated from other
plant parts to the grain did not differ considerably between the different soil N regimes,
meaning the leaf tissue was the main sink for the extra N prior to the filling period.
However, N translocation from roots late in development may also be a significant source
of grain N. Campbell et al. (1977b) observed increased N uptake under drought
conditions along with a concurrent decline in root DM and N content. Maximizing
translocation efficiency from vegetative tissue to grain increases the kernel N quantity,
and is especially important when soil N levels are high.

Assuming there is N and water available for plant uptake, N uptake can continue
until late in the filling period, even in dryland environments (Campbell et al. 1990;
Clarke et al. 1990). Clarke et al. (1990) observed increased N uptake during the soft

dough phase of kernel development exceeded N translocation from leaves and stems.

2.9.3 Effect of Fertilizer Nitrogen Application Rate on Protein Content

The effect of fertilizer N application on yield and PC has been widely studied
(Bole and Dubetz 1986; Campbell and Davidson 1976; Fowler et al. 1990; Grant et al.
1991; Selles et al. 1997), since N is the most important nutrient that influences PC (Olson
and Kurtz 1982). Many researchers have demonstrated the positive relationship between
fertilizer N application rate and PC (Bole and Dubetz 1986; Bole and Pittman 1980;

Gauer et al. 1992; Gehl et al. 1990; Grant et al. 1991).
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Knott (1974) demonstrated that across a range 0 to 168 kg ha™ of applied N,
barley grain DM and N yield showed a quadratic response, while PC showed a linear
response, meaning PC does not increase at as rapid a rate as grain DM or N yield in
response to the first few increments of fertilizer N. The proportionately larger increase in
grain DM yield dilutes grain N yield, thereby decreasing PC. This effect, called the “lag”
phase, has been reported by many other researchers, particularly when soil N levels are
low (Bole and Pittman 1980; Fowler and Brydon 1989; Fowler et al. 1990; Knott 1974).
The second phase of the yield-PC relationship has been called the increase phase
(Cowell and Doyle 1993b; Fowler et al. 1990). This phase commences once N is no
longer the principal factor affecting grain yield, at which point PC begins to increase.
Any environmental factor that increases yield potential will increase the amount of N
needed to commence this phase (Fowler et al. 1990). The rate of yield increase decreases

and eventually levels off with additional increments of N, while PC continues to increase.

2.9.4 Effect of Soil Moisture on Protein Content

PC is modified by the availability of soil water, since yield is related strongly to
moisture availability (Clarke et al. 1990; Entz and Fowler 1988; Grant et al. 1991; Henry
et al. 1987). In the event of low moisture availability, the main effect of N is to increase
PC, since moisture is below the optimum for maximum grain yield (Hutcheon and Paul
1966; Terman 1979; Terman et al. 1969). As the amount of N fertilizer applied increases
with increasing soil moisture, grain yield and N yield increase. PC will not increase in

direct proportion to yield, since grain yield generally increases more than PC with
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increasing moisture supply. Where the supply of water is intermediate, both yield and PC
increase with increasing N supply (Hutcheon and Paul 1966; Terman et al. 1969).

Darroch and Fowler (1990) found when residual soil N levels were low to
intermediate and moisture conditions were adequate, N fertilization increased grain N
yield more so relative to PC. When residual soil N levels were intermediate to high, both
grain N yield and PC increased in response to N fertilization. Therefore, the yield
response to fertilizer N will not be as great and the PC response may be relatively larger
where soil N levels are high prior to fertilizer N application (Darroch and Fowler 1990;

Lloveras et al. 2001).

2.9.4.1 Effect of Timing of Moisture Stress on Protein Content

The timing of moisture stress also has a dramatic effect on PC. For winter wheat
production in western Canada, Entz and Fowler (1988) determined that environmental
stresses between Zadoks stage 21 (main shoot + 1 tiller) and Zadoks stage 65
(mid-anthesis) had the greatest effect on grain yield, DM production, and grain N yield,
since this phase corresponded to the plant’s most rapid period of growth and demand for
water. Grain PC was affected by moisture stress before and after anthesis, and was most
strongly correlated with root zone water at anthesis.

When moisture stress is imposed during kernel development, grain PC increases
considerably relative to grain yield, since N remobilization to the grain from vegetative
tissue is less affected by moisture stress compared to carbohydrate synthesis (Hutcheon
and Paul 1966; Panozzo and Eagles 1999). An increased rate of N remobilization has

also been suggested as an explanation of higher PC as a result of moisture stress (Palta et
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al. 1994; Panozzo and Eagles 1999). However, in extremely dry conditions, N
remobilization from vegetative tissues may be severely retarded, decreasing N recovery

in the grain and lowering translocation efficiency (Spratt and Gasser 1970).

2.9.5 Effect of Temperature on Protein Content

Temperature and moisture stress interact to affect yield and PC. Temperature is
inversely related to yield and related directly to PC (Campbell and Davidson 1979).
Campbell et al. (1981) observed the highest spring wheat PC under high N fertility and
temperature when moisture was applied from near boot stage to maturity. The lowest PC
was observed under cool conditions with medium N fertility, where moisture stress was
applied from late anthesis until maturity. Soil moisture levels were observed by Sosulski
et al. (1962) to have a greater effect on PC at higher temperatures compared to lower
temperatures due to an increase in overall plant water stress. High temperatures during
kernel development result in reduced starch synthesis relative to protein synthesis,

especially when moisture is not limiting, in turn increasing PC.

2.9.6 Effect of Fertilizer Nitrogen Source and Timing on Protein Content

Timing N availability to a wheat crop modifies the relationship between yield and
PC. By delaying the availability of N until later in the growing season, N will contribute
more to PC relative to grain yield, since the potential for yield increase is more limited
(Fowler and Brydon 1989; Fowler et al. 1990; Johnston and Fowler 1991). Therefore,
fertilizer type is an important consideration with respect to wheat protein dynamics, since

different fertilizer types have different release characteristics.
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A number of studies in western Canada have evaluated the relative efficiency of
AN versus urea for cereal production (Campbell et al. 1991; Fowler and Brydon 1989;
Matus et al. 1996; Johnston and Fowler 1991a; Johnston and Fowler 1991b; Matus et al.
1999). In two of the aforementioned studies, fertilizer source did not influence yield or
PC (Campbell et al. 1991; Matus et al. 1996). However, in a later study, higher spring
wheat yields were observed with urea when compared to AN by Matus et al. (1999),
despite higher levels of ’N-labeled urea remaining in the soil at harvest. The authors
suggested differences might have been attributable to NOs™ loss from AN due to
denitrification or leaching.

Fowler and Brydon (1989) compared the effectiveness of broadcasting and
banding AN and urea at different times on winter wheat productivity. Broadcast urea
resulted in lower grain yield and grain N yield compared to broadcast AN in three trials.
N losses were likely due to volatile loss of NHj, since urea is prone to volatile loss of
NHj in certain conditions (Nelson 1982). Where spring broadcasting of AN or urea was
followed by dry conditions, N availability was decreased, resulting in large increases in
PC for both N sources. Compared to broadcasting AN or urea early in the spring,
delaying spring broadcasting by three weeks resulted in lower winter wheat DM yields
and delayed N uptake (Johnston and Fowler 1991b). In a similar study, Johnston and
Fowler (1991a) observed grain N yield and PC response to early spring broadcast urea
and banded urea was 89% of the response observed with early spring broadcast AN.
Therefore, yield and PC response to conventional types of fertilizer may differ
considerably depending on environmental conditions, emphasizing the importance of

proper fertilizer placement and timing.
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In a comparison of side-banded CRU versus conventional urea, Haderlein et al.

(2001) found spring wheat yields were not statistically different. However, CRU
produced higher PC and NUE across an N application range of 0 to 100 kg ha™'. The
authors suggested the release characteristics of CRU permitted more N to be taken up in
later growth stages when N is more likely to be concentrated in the grain. Similar field
studies comparing conventional urea with urea amended with nitrification inhibitors have

not shown significant differences in yield or PC (Bronson et al. 1991; Goos et al. 1999).

2.9.6.1 Effect of Delayed Fertilizer Nitrogen Application on Protein Content

Since N taken up later in the growing season contributes more to PC than to yield,
using split applications of N to increase N availability later in the growing season
frequently results in increased PC compared to when N applied solely at seeding (Hogg
and Brown 1997; Hucklesby et al. 1971; Morris and Paulsen 1985; Miceli et al. 1992;
Selles et al. 1997; Tran and Tremblay 2000; Wuest and Cassman 1992a). The overall
recovery of fertilizer N applied closer to anthesis is also frequently higher than when N is
applied solely at seeding. In Québec, Tran and Tremblay (2000) observed recovery of
’N-labeled AN applied to spring wheat at the boot stage was 49.8%, compared to 36.2%
when *N-labeled AN was applied at seeding. Under irrigated conditions in California,
Wuest and Cassman (1992a) recorded similar results. Recovery of I*N-labeled
ammonium sulfate applied at anthesis varied from 55 to 80%, compared to 30 to 55% for
'*N-labeled ammonium sulfate applied at seeding. Both experiments, however, were
carried out under favorable moisture conditions that permitted N applied later in plant

development to be made readily available to the plant.
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Under semiarid conditions, the effects of split N applications on PC have been
variable. In Colorado, Vaughan et al. (1990) evaluated the effect of fall-applied,
spring-applied, and split applied AN on winter wheat yield and PC. Spring-applied AN
increased yield and PC to a greater extent compared to fall-applied AN or split
applications of AN. In order to achieve the same grain yield and PC as winter wheat that
received AN in the spring, 20 and 18% more fall-applied and split-applied N was
required, respectively. In southern Saskatchewan, Selles et al. (1997) found topdressing
of spring wheat at anthesis that had received N at seeding had no effect on grain yield and
marginally increased PC. Topdressing N at the five-leaf stage increased yield and PC.
Topdressed N at anthesis applied directly to the soil was less effective than foliar N since
timely rains were not received after N application. Furthermore, in some cases, foliar N
resulted in substantial leaf burn when applied at the flag leaf stage or anthesis, reducing
PC. Therefore, the effectiveness of midseason broadcast and foliar-applied N application
under semiarid conditions is heavily dependent on environmental factors, particularly

rainfall events to move the fertilizer into the root zone.

2.10 Influence of Protein Content on End-Use Quality

Besides grain grade, PC is traditionally recognized as the most influential factor
affecting wheat breadmaking quality (Bushuk et al. 1969; Bushuk and MacRitchie 1989;
Finney and Barmore 1948; Schofield 1994; Shewry and Miflin 1985; Shewry et al. 1986;
Tipples et al. 1994; Wooding et al. 2000a). The importance of PC to end-use quality
relates to its substantial effects on some of the most important technological properties of

wheat, namely absorption of water by flour (Ayoub et al. 1994; Kosmolak and Crowle
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1980; Tipples et al. 1994), dough rheological properties (Kosmolak and Crowle 1980;
Pechanek et al. 1997, Preston and Tipples 1980; Wooding et al. 2000a), and bread loaf
volume, or dough gas retention (Bushuk et al. 1969; Bushuk and MacRitchie 1989;

Finney and Barmore 1948; Timms et al. 1981).

2.10.1 Effect of Protein Content on Flour Water Absorption

There are two types of water absorption that are relevant to the discussion of the
effect of PC on end-use quality, namely Farinograph absorption and baking absorption
(Tipples et al. 1994). Farinograph absorption is defined as the amount of water that can
be added to a fixed weight of flour to produce dough having a specific consistency when
mixed at a specified speed using the Brabender Farinograph (Tipples et al. 1994). The
Farinograph is a torque measuring, recording dough mixer that is used to provide an
initial estimate of baking absorption. Farinograph absorption depends strongly on PC; as
flour PC increases, Farinograph absorption increases (Ayoub et al. 1994; Finney 1945;
Kosmolak and Crowle 1980; Tipples et al. 1994).

Optimum baking absorption is the maximum amount of water that can be added
to flour and yield dough of a consistency that can be conveniently handled by bakery
equipment without the occurrence of problems such as dough stickiness (Finney 1945).
Since bread flour is sold on a weight basis, and since bread yield will increase as water
absorption increases, flour with a higher PC is more valuable to a baker compared to

flour that is capable of absorbing less water.
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2.10.2 Effect of Protein Content on the Rheological Properties of Dough -

When wheat flour is mixed with water, dough is formed that exhibits
characteristic visco-elastic properties (Bushuk and MacRitchie 1989; Hoseney 1988).
The unique rheological properties conferred to dough by protein are generally regarded as
being responsible for breadmaking quality (Fido et al. 1997; Schofield 1986). No other
cereal grain flour exhibits these characteristics (Bushuk and MacRitchie 1989).

Numerous studies have involved the use of the Farinograph to evaluate dough
rheology (Ayoub et al. 1994; Bushuk et al. 1969; Parades-Ldpez et al. 1985; Pechanek et
al. 1997; Tipples et al. 1977, Wooding et al. 2000b). Generally, as flour PC increases,
the time required to mix the dough to peak consistency increases. Farinograph stability
and mixing tolerance index, which are both measures of tolerance of dough to mixing
past peak consistency, also improve as PC increases. However, when PC is excessively
high (e.g. 17% on a 13.5% moisture basis), negative effects on mixing characteristics
(Tipples et al. 1977) can result. Increasing PC increases dough mixing requirements and
positively affects dough strength to a point, but very high PC results in detrimental
effects on end-use quality. |

Like the Farinograph, the Mixograph is a torque-measuring, recording dough
mixer. Compared to the Farinograph, the Mixograph is generally run at constant water
absorption and the dough mixing action differs, resulting in very different results for the
same flour sample. At constant water absorption, as flour PC increases, the time required
to reach peak dough resistance to mixing (MDT) decreases, while peak dough resistance

(PDR) increases (Kosmolak and Crowle 1980; Luo et al. 2000; Moss et al. 1981;
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Wooding et al. 2000a). Like the Farinograph, stability and resistance to mixing past peak
development increase as PC increases (Preston and Tipples 1980).

While the Farinograph and Mixograph measure resistance of dough to mixing, the
Extensigraph measures dough extensibility. There are two key parameters that the
Extensigraph generates, namely maximum resistance to extension and extensibility, or
the degree to which a dough piece is able to stretch without breaking (Bangur et al.
1997). As dough strength increases as a result of increased PC, resistance to dough
extension (Moss et al. 1981b) and extensibility (Kettlewell et al. 1998; Moss et al. 1981b;
Zhao et al. 1999) increase. When PC is excessively high, resistance decreases markedly,
resulting in poor quality dough for breadmaking (Tipples et al 1977). The role of grain
sulphur content in influencing dough extensibility is also an important consideration
along with PC, since sulthydryl groups and disulphide bonds play a critical role in the

visco-elastic properties of dough (Kettlewell et al. 1998; Zhao et al. 1999).

2.10.3 Effect of Protein Content on Loaf Volume

The ability of dough to retain gas during fermentation is responsible for the
volume associated with a loaf of bread, and is attributable to the gluten proteins (Hoseney
1988). Finney and Barmore (1948) demonstrated a strong, positive, linear relationship
between loaf volume and PC when evaluating a series of winter and spring wheat
varieties over a wide range of flour PC, although the loaf volume potential of different
cultivars differed along the same range of PC. Other researchers have also found that
increasing PC results in increased loaf volume (Ayoub et al. 1994; Bushuk and

MacRitchie 1989; Bushuk et al. 1969; Finney and Barmore 1948; Timms et al. 1981).
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2.11 Protein Quality
Where end-use quality differs significantly among samples with similar PC,
differences in end-use quality are attributable to differences in protein quality. While PC
is simply the percentage of N in the grain multiplied by 5.7 (Simmonds and O’Brien
1981), protein quality is much more complex. Protein quality refers to the composition
of distinct fractions of protein in endosperm or flour, each of which contributes uniquely

to end-use quality.

2.12 Protein Classification and Nomenclature

Basically, wheat proteins can be classified as gluten (forming) proteins or
non-gluten proteins. Non-gluten protein, namely the albumin/globulin fraction, plays a
relatively small role in determining end-use quality. Gluten proteins, which are
responsible for protein functionality in breadmaking, represent 80 to 90% of total flour
protein, and increase as a percentage of total protein as PC increases (Schofield 1994,
Stone and Savin 1999). The relative quantity and composition of the two protein
fractions that constitute gluten protein, namely gliadin and glutenin, are of the most
interest to researchers because of their tremendous influence on quality (Gupta et al.
1992; Hamada et al. 1982; MacRitchie 1992; MacRitchie et al. 1991; Schofield 1986;
Schofield 1994; Shewry et al. 1986; Stone and Savin 1999; Wall 1979). Gliadin, which
is a very heterogeneous protein fraction, is responsible for the viscous properties of
dough during mixing (Fido et al. 1997; Wooding et al. 2000b). Conversely, glutenin is

polymeric protein that exhibits a high degree of inter-molecular bonding (Gianibelli et al.
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2001), reduces dough extensibility (Wieser and Kieffer 2001) and is the protein fraction
responsible for dough strength (Schofield 1986; Wall 1979).

Wheat proteins were first classified into groups based on their sequential
solubility in a series of solvents by Osborne in 1907 (Shewry et al. 1986; Wall 1979).
Traditionally, these groups have been called albumins (soluble in water), globulins
(insoluble in water but soluble in dilute solutions of salts), prolamins (soluble in aqueous
alcohol), and glutelins (soluble in dilute acid or alkali). The majority of wheat flour
protein is comprised of prolamin and glutelin, which are present in roughly similar
amounts in gluten (Shewry et al. 1986; Stone and Savin 1999).

Instead of using extractability criteria to classify wheat proteins, Shewry et al.
(1986) proposed that gluten proteins be classified into groups based on amino acid
sequence and composition, including the presence or absence of inter- or intramolecular
disulphide bonds. S-poor prolamins (®-gliadins), S-rich prolamins (o, B-, y-gliadins, and
low molecular weight glutenin subunits), and high molecular weight (HMW) prolamins
(HMW glutenin subunits) each contribute uniquely to dough strength and extensibility
(Bushuk and MacRitchie 1989; MacRitchie 1992; Schofield 1986; Schofield 1994), and
can be separated based on their molecular size. In the following discussion, gliadin
sub-fractions are referred to individually (o-, B-, v-, and w-gliadins). Glutenin is referred
to as either small or large polymers (glutenin molecules), or in terms of in its chemically
reduced form as low molecular weight glutenin subunits (LMW-GS) or high molecular

weight glutenin subunits (HMW-GS).
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2.12.1 Albumin and Globulin Protein
The albumins and globulins represent roughly 15 to 20% of total protein in flour
(Shewry et al. 1986; Stone and Savin 1999). These proteins have almost no direct effect
on breadmaking protein functionality, though because this fraction contains a number of
enzymes, namely amylases and proteases, the albumin/globulin fraction may contribute
indirectly to breadmaking quality (Bushuk and MacRitchie 1989). Approximately half of
the albumin/globulin fraction is located in the embryo, which is removed during white

flour milling (Stone and Savin 1999).

2.12.2 Characterization of Gliadin

The gliadin fraction is very heterogeneous, and is composed of up to 50 different
single-chain polypeptides in a given wheat genotype (Schofield 1986). Gliadin
molecules associate non-covalently by hydrogen bonding or hydrophobic interactions.
Gliadin molecules are generally considered to be non-aggregating, although they may
interact with glutenin (Sapirstein and Fu 2000; Shewry et al. 1986). Upon hydration,
pure gliadin forms a mass that is easily stretched and does not hold its form well (Wall
1979), and is responsible for dough extensibility rather than elasticity (Schofield 1986;
Shewry et al. 1986; Schofield 1994; Stone and Savin 1999; Wall 1979).

Gliadin can be further classified into a-, B-, y-, and w-gliadin fractions based on
electrophoretic mobility under acidic conditions (Wall 1979; Wrigley and Bietz 1988).
The o-, B-, and y—gliadins have a MW of 30000 to 45000 kDa and have roughly 2-3%
cysteine and methionine residues. Mainly because of the presence of an even number of

cysteine residues (typically 6 or 8), gliadin molecules participate only in intramolecular
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bonding (Wall 1979; Shewry et al. 1986). Polypeptides similar to y-gliadins are
incorporated into glutenin via disulphide bonding (Huebner et al. 1997; Lew et al. 1992).
However, these polypeptides have an odd number of cysteine residues, meaning they can
participate in inter-molecular disulphide bonds. The w-gliadins have a MW of 40000 to
70000 kDa and lack S-containing amino acids, namely cysteine and methionine (Shewry
et al. 1986; Shewry and Tatham 1997).

A few studies have reported the relative of proportion of gliadin fractions in
relation to total gliadin content. Wieser et al. (1994) found the proportion of o-+8-, v-,
and o-gliadins in a wide range of wheat cultivars to be 43.9-59.9, 30.5-45.6, and
6.2-20.0%, respectively. When the French soft wheat cultivar Thésée was exposed to a
range of N supply and temperature regimes, Daniel and Triboi (2001) reported the
proportions of o-+3-, v-, and w-gliadins to be 42-58, 24.5-32, and 10-19%, respectively.
The reason for the differences in the reported values is likely due to a combination of

differences in methods of extraction, as well as the effects of genotype and environment.

2.12.3 Characterization of Glutenin

Glutenin is polymeric protein composed of many individual subunits, each with a
MW between 12000 to 130000 kDa (MacRitchie et al. 1990; Stone and Savin 1999).
Glutenin molecules are able to aggregate because of intermolecular disulphide bonding
(MacRitchie et al. 1990). Because of the high degree of intermolecular bonding and
aggregative behaviour of polymeric glutenin, the MW of an individual glutenin molecule
can be as high as several million kDa, making glutenin the largest known protein

molecule found in nature (Wrigley 1996). Up to 20 different polypeptides comprise
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glutenin, making it less heterogeneous than gliadin (Schofield 1986). Upon hydration,
pure glutenin forms a tough mass that is elastic and resistant to stretching (Wall 1979).
These properties make glutenin responsible for dough strength (Hamada et al. 1982;
Shewry et al. 1986; Stone and Savin 1999; Wall 1979; Weegels et al. 1996).

Reducing glutenin by breaking disulphide bonds yields two classes of subunits,
namely LMW-GS and HMW-GS (Kasarda 1989). LMW-GS have an average MW of
30000 to 45000 kDa, and an amino acid sequence similar to the o-, B-, and y-gliadins
(S-rich gliadin); the structure of LMW-GS most closely resembles y-gliadin (Lew et al.
1992). The cysteine residues of LMW-GS participate in either intra- or intermolecular
disulphide bonds. Cysteine residues capable of inter-molecular bonding allow for the
formation of glutenin polymers (Lew et al. 1992) via formation of disulphide bonds with
other LMW-GS or HMW-GS (Shewry and Tatham 1997). Generally, the ratio of
LMW-GS to HMW-GS is 2:1 to 3:1 (Kasarda 1989). Gupta et al. (1993) reported
sodium dodecyl sulfate (SDS)-soluble glutenin contained 70% LMW-GS and 30%
HMW-GS, while SDS-insoluble glutenin contained 60% LMW-GS and 40% HMW-GS.

The MW of HMW-GS have been reported to be 80000 to 120000 kDa, although
estimates based on derived amino acid sequences indicate a MW between 60000 to
90000 kDa (Gianibelli et al. 2001). In terms of their amino acid sequence, HMW-GS
contain relatively more glycine and less glutamine/glutamic acid than o-, B-, or
v-gliadins. More importantly, HMW-GS contain only 0.5 to 1.5% cysteine, and are
therefore classified as being S-poor (Zhao et al. 1999a). The cysteine residues of

HMW-GS allow for intermolecular disulphide bonding between LMW-GS or other
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HMW-GS, and occur only within 100 residues of each end of the polypeptide chain
(Kasarda 1989).

Glutenin molecules can be also classified into sub-groups based on their solubility
in SDS (Gupta et al. 1993; Stone and Savin 1999) or other solvents such as acetic acid
(Orth and Bushuk 1972) or propanol (Sapirstein and Johnson 2000). The MW of
SDS-soluble polymer is lower than the MW of SDS-insoluble polymer due in part to the
higher ratio of HMW-GS to LMW-GS in SDS-insoluble glutenin (Gupta et al. 1993;

Stone and Savin 1999).

2.13 Effects of Individual Protein Fractions on Dough Rheological Properties
As mentioned previously, gliadin and glutenin have dramatically different effects
on the rheological properties of dough. The same can be said of the contribution of

individual gliadin and glutenin fractions to dough strength and extensibility.

2.13.1 Effect of Gliadin on Dough Rheological Properties

Gliadin is mainly responsible for the viscous properties of dough during mixing.
With respect to the Mixograph, the quantity of gliadin is negatively correlated to dough
mixing strength, peak dough resistance, and stability (Fido et al. 1997; MacRitchie 1987,
Uthayakumuran et al. 1999; Uthayakumuran et al. 2000; Wooding et al. 2000b).  As for
studies involving the Extensigraph, many studies have confirmed gliadin increases the
extensibility of dough while decreasing maximum resistance (Khatkar et al. 1995;

Uthayakumuran et al. 1999; Uthayakumuran et al. 2000; Wooding et al. 2000b).
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2.13.1.1 Effect of Individual Gliadin Fractions on Dough Rheological Properties

The effect of individual gliadin fractions on dough strength has also been
investigated (Branlard and Dardevet 1985; Fido et al. 1997; Huebner et al. 1997; Scanlon
et al. 1990; van Lonkhuijsen et al. 1992). However, because gliadins are encoded by
complex gene loci and inherited in blocks, they are closely linked genetically. Therefore,
research surrounding the effects of individual gliadins on end-use quality is not as
well-defined as it is for glutenin.

Branlard and Dardevet (1985) observed o~ and B-gliadins were positively and
moderately correlated with swelling (G), as measured with the Alveograph, while weak,
negative correlations were observed between individual gliadin fractions (o-, B-, v-, and
o-gliadins) and the ratio of tenacity (P) to extensibility (L). Fido et al. ( 1997) evaluated
the contribution of individual gliadins to dough strength and demonstrated the addition of
purified gliadins to low and high protein flours resulted in decreased dough strength. For
the Mixograph, the relative weakening effects were in the order of - ~ o~ ~ B- >, while
the order for the Extensigraph was y- > a- = B- ~ @. Given the different contributions of
individual gliadin fractions to dough strength, environmental factors that influence the

quantity or composition of gliadin are expected to affect end-use quality.

2.13.2 Effect of Glutenin on Dough Rheological Properties

In comparing the relative contribution of gliadin and glutenin to end-use quality,
research clearly points to the much greater importance of glutenin (Gupta et al. 1992;
Gupta and MacRitchie 1991; Huebner and Wall 1976; MacRitchie 1987; Orth and

Bushuk 1972; Sapirstein and Fu 1998; Schofield 1986; Weegels et al. 1996). As flour
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glutenin content increases, Mixograph dough development time decreases, peak dough
resistance increases (Preston and Tipples 1980; Gupta et al. 1992; Wooding et al. 2000b),
and dough resistance to over-mixing increases (Preston and Tipples 1980). When flour is
evaluated with the Farinograph, dough development time increases as glutenin content
increases (Hamada et al. 1982; Preston and Tipples 1980), and dough stability and
mixing tolerance index improve (Preston and Tipples 1980).

The effect of glutenin content on dough extensibility has also been evaluated.
Using a device similar to the Extensigraph, Uthayakumaran et al. (2000) determined that
increased levels of glutenin increased rupture viscosity but decreased rupture strain of a
dough, confirming that glutenin contributes to strength properties of dough rather than
extensibility. As glutenin content increases, dough maximum resistance and extensibility
(Antes and Wieser 2001; Gupta et al. 1992; Gupta et al. 1993; Singh et al. 1990; Southan
and MacRitchie 1999) are expected to increase, although a negative relationship between

glutenin content and extensibility has also been reported (Wieser and Kieffer 2001).

2.13.2.1 Contribution of HMW-GS and LMW-GS to Dough Rheological Properties

The contribution of HMW-GS to end-use quality is generally considered to be
greater than that of the LMW-GS (Gupta and MacRitchie 1991; Hamada et al. 1982;
Kasarda 1989; MacRitchie 1991; Weegels et al. 1996). Using sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE), the effect of HMW-GS on dough
development time was determined by Pechanek et al (1997) and Wooding et al (2000b) to
be more pronounced than that of LMW-GS, though increasing the quantity of both

LMW-GS and HMW-GS positively influenced dough strength.
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Differences of opinion surrounding the overall effect of glutenin on extensibility

may be due to the significantly different contribution of HMW-GS versus LMW-GS to
glutenin functionality (Fu et al. 1998). The positive effect of HMW-GS on dough
extensibility properties has been demonstrated by many researchers (Antes énd Wieser
2061; Gupta et al. 1991; Verbruggen et al. 2001; Wieser and Kieffer 2001). Gupta et al.
(1991) showed that as a percentage of total protein, increasing the percentage of
HMW-GS increased maximum dough resistance to extension much more than when the
percentage of LMW-GS increased. In a similar study, Wieser and Kieffer (2001)
reported that the addition of twice the amount of LMW-GS was required to get the same
degree of maximum resistance to extension achieved with the addition of HMW-GS.
Furthermore, the addition of LMW-GS to base flour has been shown to actually decrease
maximum resistance and extensibility (Antes and Wieser 2001; Verbruggen et al. 2001).
Hamada et al. (1982) postulated that stronger wheats must contain a higher percentage of
HMW-GS, since dough mix time and stability increased when gluten was of a higher
MW. Clearly, environmental factors that modify the ratio of HMW-GS to LMW-GS will

influence dough rheological properties.

2.13.2.2 Effect of Average Polymer Size on Dough Rheological Properties

The size distribution of glutenin polymers is an important consideration with
respect to dough functionality (Fu et al. 1998). The positive effect of glutenin on dough
strength is attributed in large part to the molecular size of glutenin, since as average
polymer size increases, dough strength increases (Gupta et al. 1993; Gupta and

MacRitchie 1991; Kasarda 1989; MacRitchie 1987; Orth and Bushuk 1972; Sapirstein
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and Fu 1998; Schofield 1986, Shewry and Tatham 1997; Singh and MacRitchie 2001;
Weegels et al. 1996). However, the contribution of large and small polymers to dough
strength differs, which may explain the inconsistencies sometimes observed in the
relationship between total glutenin content and dough strength parameters (Gupta et al.
1993; South and MacRitchie 1999). A number of researchers have reported a higher ratio
of HMW-GS of LMW-GS in SDS-insoluble glutenin compared to SDS-insoluble
glutenin (Southan and MacRitchie 1999; Stone and Savin 1999). As such, the differences
in GS composition are thought by some to be the reason behind the stronger contribution

of larger glutenin to dough strength.

2.14 Effects of Individual Protein Fractions on Loaf Volume

Finney and Barmore (1948) demonstrated a strong, positive, linear relationship
between loaf volume and PC, as well as differences in loaf volume potential of different
cultivars along the same range of PC. The latter was postulated to be due in part to
differences in protein composition. Given the dramatic differences in the contribution of
gliadin and glutenin to dough strength and extensibility, it should come as no surprise

that these protein fractions has significantly different effects on breadmaking quality.

2.14.1 Effect of Gliadin on Loaf Volume

Results regarding the effect of gliadin on loaf volume are variable. In a flour
reconstitution study, MacRitchie (1987) found that the first 50% of protein extracted
(using increasing concentrations of HCI), which corresponded to gliadin, maintained or

slightly depressed loaf volume. Other researchers (Johansson et al. 2001; Martin et al.
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1992; Pechanek et al. 1997) have found a positive relationship between loaf volume and
gliadin content, which is not surprising since as PC (and loaf volume) increases, gliadin
content also increases. Other researchers have reported weak relationships between
gliadin and loaf volume (Gupta et al. 1992; Hamada et al. 1982; MacRitchie et al. 1991;
Martin et al. 1992; Scanlon et al. 1990), while loaf texture was found by Martin et al.

(1992) to be strongly correlated with gliadin.

2.14.1.1 Effect of Individual Gliadin Fractions on Loaf Volume

Studies involving the effect of individual gliadin fractions on loaf volume have
clarified this controversy. Using wheat varieties with a constant HMW glutenin-A
subunit composition, van Lonkhuijsen et al. (1992) determined variation in gliadin
composition was responsible for 82% of the variation in loaf volume. Furthermore, the
peak most highly correlated with loaf volume, as well as positively correlated, was an
t-gliadin peak. Three other peaks, of which two corresponded to -gliadins while the
other corresponded to a B—gliadin, were negatively correlated with loaf volume. The
positive relationship between gliadins and loaf volume was also reported by Huebner et
al. (1997), who also found o-, B-, and w-gliadins were negatively correlated with loaf
volume, while y—gliadin was positively correlated with loaf volume. However, sine the
y-gliadin fraction did not increase proportionately with loaf volume as compared to o-,
B-, and o-gliadins, the positive influence of y—gliadin on loaf volume decreased as PC
increased. While all of the gliadin fractions tend to weaken dough and confer
extensibility, the y-gliadins appear to weaken dough the least and may have positive

effects on loaf volume.
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2.14.2 Effect of Glutenin on Loaf Volume

The positive effect of glutenin on loaf volume has also been demonstrated by
many researchers (Huang and Khan 1997; Huebner and Wall 1976; MacRitchie et al.
1991; Martin et al. 1992; Pechanek et al. 1997; Preston and Tipples 1980; Sapirstein and
Fu 2000; Timms et al. 1981), as has the greater contribution of HMW-GS to loaf volume
compared to LMW-GS (Antes and Wieser 2001; Pechanek et al. 1997; Timms et al.
1981; Weegels et al. 1996). HMW-GS was determined by Pechanek et al. (1997) to be
much more strongly correlated to loaf volume than LMW-GS, while Martin et al. (1992)
found both LMW-GS and HMW-GS were strongly correlated to loaf volume. Addition
of HMW-GS to a base flour was demonstrated by Antes and Wieser (2001) to increase
loaf volume, while the opposite was true of the addition of LMW-GS. Regardless, a
higher proportion of HMW-GS relative to LMW-GS is likely to increase loaf volume
(Timms et al. 1981).

Given the importance of HMW-GS to end-use quality, it should be no surprise
that as the average molecular size of glutenin increases, loaf volume also increases
(Daniel and Triboi 2002; Huang and Khan 1997; Jia et al. 1996b; Weegels et al. 1996).
Comparing the effects of the addition of acid-soluble and acid-insoluble glutenins to base
flour (relatively comparable to SDS-soluble and SDS-insoluble polymer), Preston and
Tipples (1980) demonstrated similar increases in loaf volume with the addition of gluten
proteins and acid-soluble glutenin. The addition of acid-insoluble glutenin significantly
reduced loaf volume, although the loaf volume decreases were recorded only when the
acid-insoluble glutenin was added in excess. These results were in disagreement with

those of Orth and Bushuk (1972). Tipples (1980) attributed the decrease in loaf volume
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to acid-insoluble glutenin that disaggregated during dough mixing rather than the
acid-insoluble glutenin fraction as a whole. Zhu and Khan (2001) demonstrated loaf
volume was positively correlated to the proportion of insoluble glutenin in flour, while

the proportion of insoluble glutenin was negatively correlated to loaf volume.

2.15 Effect of the Ratio of Gliadin to Glutenin on End-Use Quality

Although the importance of the relationship between gliadin and glutenin in
determining end-use quality is well established, research surrounding the importance of
the ratio of gliadin to glutenin on wheat end-use quality has not yielded consistent results.
While some research suggests the ratio of gliadin to glutenin is a key factor in
determining dough rheological properties and breadmaking quality (Janssen et al. 1991;
Timms et al. 1981; Uthayakumuran et al. 1999; Uthayakumuran et al. 2000), other
researchers have found the ratio of gliadin to glutenin has no value as a predictor of
end-use quality (Bushuk and MacRitchie 1989; Johansson et al. 2001; Orth and Bushuk
1972; Pechanek et al. 1997). These differences in experimental results may be due to
different extraction procedures or other methods of fractionation. Two recent papers by
Uthayakumaran et al. (1999, 2000) strengthen the case for use of the gliadin to glutenin
ratio as a predictor of end-use quality. For example, increases in the glutenin to gliadin
ratio at constant protein content resulted in increased mix time, peak dough resistance,
maximum resistance to extension, and loaf volume (Uthayakumaran et al. 1999).

There are a several theories fdr the interaction between gliadin and glutenin and
its impacts on end-use quality. Sapirstein and Fu (2000) suggested that strong mixing

wheats have glutenin molecules of larger size compared to weaker wheats. As polymer



63
size increases, specific surface area decreases, reducing the amount of surface area
available for interaction with other proteins such as gliadins. Khatkar et al. (1995)
proposed that gliadin acts as a plasticizer in interrupting the interaction between glutenin
molecules during mixing, in turn increasing extensibility and decreasing resistance to
extension. Regardless, the interaction of gliadin and glutenin has been proposed to
explain at least part of the role of gliadin in determining end-use quality, as well as the

effect of increasing the ratio of gliadin to glutenin.

2.16 Protein Accumulation in the Developing Grain

The accumulation of individual protein fractions in the grain have been evaluated
by many researchers using methods that are based solely on extractability and/or
- SDS-PAGE (Bollini et al. 1981; Castle and Randall 1987; Dell’aquila et al. 1983; Khan
and Bushuk 1976; Galterio et al. 1987; Johansson et al. 1994; Kaczkowski et al. 1988;
Kaczkowski et al. 1987). However, given the wide variety of extraction techniques
employed by different researchers, what one group considers glutenin may be considered
gliadin by another group. The use of size-exclusion high-performance liquid
chromatography (SE-HPLC) has been suggested as a more accurate tool in assessing the
contribution of individual protein fractions to end-use quality (Batey et al. 1991;
Dachkevitch and Autran 1989; Pechanek et al. 1997), since protein can be classified
according to molecular size as well as extractability. In order to simplify the discussion,
the following section focuses on research utilizing SE-HPLC to track the pattern of
protein accumulation in the developing grain (Bénétrix et al. 1994; Daniel and Triboi

2001; Daniel and Triboi 2002; Gupta et al. 1996; Huebner et al. 1990; Jamieson et al.
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2001; Panozzo et al. 2001; Stone and Nicolas 1996a; Stone and Nicolas 1996b; Stone and
Savin 1999; Triboi et al. 1990; Triboi and Leblevenec 1995; Wright et al. 2000; Zhu and

Khan 1999), though other research will be referred to periodically.

2.16.1 General Pattern of Protein Accumulation

The accumulation of individual protein fractions is asynchronous and highly
ordered, both in terms of initiation and rate of protein synthesis (Daniel and Triboi 2002;
Jamieson et al. 2001; Stone and Nicolas 1996a; Stone and Savin 1999). The
accumulation of protein fractions in the kernel can be expressed as the percentage of total
grain protein or as the quantity of protein in the kernel (Daniel and Triboi 2002; Stone
and Nicolas 1996a; Triboi et al. 1990). When expressed on the basis of weight, the
accumulation of gliadin and glutenin, like N itself, is linear as a function of thermal time,
(Daniel and Triboi 2002; Jamieson et al. 2001; Triboi and Leblevenec 1995).

Depending on environmental conditions, N accumulation in the kernel may
proceed for as long as 40 to 50 days after anthesis (DAA) (Gupta et al. 1996; Panozzo
and Eagles 2001; Stone and Nicolas 1996a). The order of appearance of the three main
protein fractions is 1) albumin/globulin 2) gliadin 3) glutenin, although the initiation of
synthesis of each fraction is not nearly as well understood (Gupta et al. 1996; Jamieson et

al. 2001; Stone and Nicolas 1996a).
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2.16.2 Accumulation of Albumin/Globulin Fraction
During the first 10 DAA, the albumin/globulin fraction is readily detectable
(Daniel and Triboi 2002; Jamieson et al. 2001; Panozzo et al. 2001; Stone and Nicolas
1996a; Stone and Savin 1999), and represents over 80% of total protein in the kernel
(Panozzo et al. 2001). Accumulation of the albumin/globulin fraction has been reported
to continue up to 10 DAA (Jamieson et al. 2001), 19 DAA (Gupta et al. 1996; Stone and
Savin 1999) or even 40 DAA (Stone and Nicolas 1996a). However, the rate of synthesis
of the albumin/globulin fraction is greatest within the first 10 DAA, and then proceeds at
a very slow rate, if at all. At maturity, the albumin/globulin fraction represents between

20 to 30% of total grain protein (Panozzo et al. 2001; Stone and Savin 1999).

2.16.3 Accumulation of Gliadin

The gliadin fraction is detectable within the first 7 to 10 DAA (Dell’aquila et al.
1983; Gupta et al. 1996; Johansson et al. 1994; Panozzo et al 2001; Stone and Nicolas
19962), and is the first storage protein fraction to accumulate in quantity. The rate of
gliadin synthesis is most rapid during mid-development of the wheat kernel. Gupta et al.
(1996) determined maximum gliadin synthesis occurred between 22 to 31 DAA, while
Stone and Nicolas (1996a) and Panozzo et al. (2001) found maximum gliadin synthesis
occurred between 10 to 30 DAA and 7 to 21 DAA, respectively. By the time the rapid
phase of gliadin accumulation is complete, gliadin typically represents 30 to 40% of total
protein and maintains that level until maturity (Panozzo et al. 2001; Stone and Nicolas

1996a; Stone and Savin 1999).
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2.16.3.1 Accumulation of Individual Gliadin Fractions
The accumulation pattern of individual gliadin fractions has also been studied
(Bénétrix et al. 1994; Huebner et al. 1990; Kaczkowski et al. 1987; Mecham et al. 1981;
Zhu and Khan 1999). Zhu and Khan (1999) detected the presence of o-, B-, v-, and
o-gliadins 10 DAA, and found the proportion of y—gliadins increased during the filling
period, while the proportion of o— and B-gliadins remained relatively constant, arriving at
a stable level 19 to 25 DAA. The synthesis of a-, B-, and y-gliadins were found to
increase considerably between 12 to 18 DAA (first and second sampling periods) by
Mecham et al. (1981). Kaczkowski et al. (1987) detected o—gliadins 10 to 12 DAA, while
a-, B-, and y-gliadins were detected 18 DAA. Differences in extraction procedures may
be responsible for the confusion surrounding the accumulation pattern of individual

gliadin fractions.

2.16.4 Accumulation of Glutenin

The synthesis of glutenin proceeds at a slower rate than that of gliadin. The
glutenin fraction is detectable in small quantities within the first 7 to 10 DAA (Gupta et
al. 1996; Huebner et al. 1990; Panozzo et al 2001; Stone and Nicolas 1996a). Glutenin is
not present in large quantities until the latter half of the filling period, and is readily
detectable around 20 DAA (Gupta et al. 1996; Panozzo et al. 2001; Stone and Nicolas
1996). The increase in glutenin synthesis was found by Panozzo et al (2001) to
commence at the same time as the decrease in gliadin synthesis (21 d), while Huebner et
al. (1990) determined the rate of glutenin synthesis did not exceed the rate of gliadin

synthesis until the fifth week after anthesis. Given these results, the ratio of gliadin to
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glutenin has been shown to increase during the first half of filling and then decrease
considerably, particularly at the end of filling when the steep decline in kernel moisture

content occurs (Triboi et al. 1990; Triboi and Leblevenec 1995).

2.16.4.1 Synthesis of LMW and HMW Glutenin Subunits

Complicating the dynamics of glutenin accumulation is the differential
accumulation pattern of LMW-GS and HMW-GS (Gupta et al. 1996; Panozzo et al.
2001; Zhu and Khan 1999). Synthesis of HMW-GS and LMW-GS has been reported to
occur concurrently, and the quantity of each fraction in the kernel increases over time
(Bénétrix et al. 1994; Gupta et al. 1996; Zhu and Khan 1999). Panozzo et al. (2001)
demonstrated that synthesis of HMW-GS commenced 7 DAA, or 7 d earlier than
synthesis of LMW-GS, and suggested that the initial synthesis of HMW-GS served as a
backbone structure for the development of glutenin polymers.

In relative terms, the overall synthesis of LMW-GS is greater than that of
HMW-GS during kernel development (Gupta et al. 1996; Panozzo et al. 2001; Zhu and
Khan 1999), while on a percentage basis, the increase in the HMW-GS fraction is greater
than that of LMW-GS (Gupta et al. 1996). In the first half of glutenin subunit synthesis,
the accumulation rate of LMW-GS is greater than that of HMW-GS (Bénétrix et al. 1994;
Gupta et al. 1996; Panozzo et al. 2001; Zhu et al. 1999). Panozzo et al. (2001) reported
after the synthesis of LMW-GS began (14 DAA), the rate of LMW-GS accumulation in
the kernel exceeded that of HMW-GS until 28 DAA, at which point HMW-GS
accumulation increased considerably relative to LMW-GS. Given the increase in

HMW-GS synthesis late in development, an increase in the ratio of HMW-GS to
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LMW-GS glutenin subunits over the course of kernel development has been reported by

a number of authors (Gupta et al. 1996; Zhu and Khan 1999).

2.16.4.2 Polymerization of Glutenin

Given that the peak rate for HMW-GS accumulation follows that of LMW-GS,
the average size of glutenin polymer increases over the course of grain filling (Bénétrix et
al. 1994; Daniel and Triboi 2002; Gupta et al. 1996; Jamieson et al. 2001; Panozzo et al.
2001; Stone and Nicolas 1996a). The polymerization process proceeds upon the onset of
glutenin synthesis as HMW-GS and LMW-GS are produced and are subsequently linked
via disulphide bonds to form glutenin polymers. Polymerization of glutenin occurs as
early as 7 to 10 DAA (Gupta et al. 1996; Zhu and Khan 1999), although a significant
increase in polymerization does not occur until late in kernel development (Aussenac and
Carceller 2000; Daniel and Triboi 2002; Gupta et al. 1996; Jamieson et al. 2001; Stone
and Nicolas 1996a; Triboi and Leblevenec 1995; Zhu and Khan 1999).

Stone and Nicolas (1996a) detected 90% of polymeric protein as SDS-soluble
protein (small polymers) 35 DAA, at which point the contribution of SDS-soluble protein
to total protein decreased dramatically. Only trace amounts of SDS-insoluble protein
(large polymers) were present at 25 DAA, but by physiological maturity (50 DAA), SDS-
insoluble polymer represented 60% of total polymer. Aussenac and Carceller (2000) and
Hussain and Lukow (1995) also detected the onset of large glutenin polymer
accumulation roughly 35 DAA. The increase in HMW-GS synthesis and the increase in

the ratio of HMW-GS to LMW-GS later in kernel development is thought to be
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responsible for the increase in polymer size (Gupta et al. 1996; Stone and Nicolas 1996a;

Zhu and Khan 1999).

2.17 Modification of Protein Composition by Environment and Fertilization
Although the deposition of different protein fractions is highly ordered, it is also
asynchronous (Jamieson et al. 2001; Panozzo et al. 2001; Stone and Savin 1999). Given
the dramatic effect of environment on the duration of the filling period, as well as growth
and development in general, factors that affect the rate and quantity of deposition will
affect the composition of protein and, ultimately, end-use quality. The following section
deals with the effect of environment on the composition and content of gliadin and

glutenin, as well as their respective sub-fractions.

2.17.1 Contribution of Genotype and Environment to Protein Quality

Wheat quality is influenced by genotype, environment, and the interaction
between genotype and environment (Fowler et al. 1998; Graybosch et al. 1995;
Graybosch et al. 1996; Lukow and McVetty 1991; Panozzo et al. 2000; Peterson et al.
1986; Rousset et al. 1985; Zhu and Khan 2001). The degree to which individual protein
fractions are influenced by genotype and environment varies. The strong influence of
environment on the composition and quantity of gliadin has been demonstrated by a
number of researchers (Castle and Randall 1987; Doekes and Wennekes 1982; Huebner
and Bietz'1988; Huebner et al. 1997; Marchylo et al. 1990; Pechanek et al. 1997; Triboi

et al. 2000; Wieser and Seilmeier 1998). A number of studies suggest gliadin is much
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more strongly influenced by environment than genotype compared to glutenin
(Graybosch et al. 1996; Panozzo and Eagles 2000).

Genetics predetermines the actual composition of HMW glutenin subunits
(Lukow et al. 1989; Payne et al. 1987), while the effect of environment is to influence the
quantity and composition of glutenin polymer (Kolster et al. 1991; Panozzo and Eagles
2001; Zhu and Khan 2000). Within the glutenin fraction itself, Zhu and Khan (2000)
demonstrated SDS-soluble glutenin was influenced more by environmental factors as
compared to genotypic factors, while the opposite was true of SDS-insoluble glutenin.
While the influence of environment on gliadin is much greater relative to glutenin, both

fractions are influenced by environment, both in terms of crop management and weather.

2.17.2 Effect of Increasing Nitrogen Supply on Gliadin Content and Composition
Several studies have demonstrated the positive effect of increased N supply on
gliadin content (Daniel and Triboi 2000; Daniel and Triboi 2001; Doekes and Wennekes
1982; Dubetz et al. 1979; Johansson et al. 2001; Pechanek et al. 1997; Stenram et al.
1990; Timms et al. 1981; Triboi and Triboi-Blondel 2001). Since gliadin content and
composition at maturity is a function of the rate of accumulation and duration of gliadin
synthesis, increased N availability results in increased gliadin content. Since the increase
in gliadin content is greater than the increase in glutenin as a result of increased N supply,
the ratio of gliadin to glutenin increases as N supply increases (Daniel and Triboi 2000;
Daniel and Triboi 2001; Doekes and Wennekes 1982; Dubetz et al. 1979; Pechanek et al.

1997; Stenram et al. 1990; Triboi et al. 2000; Triboi and Triboi-Blondel 2001).
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The composition of gliadin also changes as grain N content increases. The
quantity of w-gliadin (Daniel and Triboi 2000; Daniel and Triboi 2001; Timms et al.
1981; Wooding et al. 2000b) and o- and y-gliadin (Pechanek et al. 1997; Wieser and
Seilmeier 1998; Wooding et al. 2000b), have been shown specifically to be affected more
than the accumulation other gliadin fractions. In response to increasing N supply, Wieser
and Seilmeier (1998) reported the quantity of a- and B- (combined), w-, and y-gliadins
increased 79, 109-149, and 50%, respectively.
The proportion of w-gliadin generally increases as N supply increases (Daniel and
Triboi 2000; Daniel and Triboi 2001; Wieser and Seilmeier 1998). The proportions of
o-gliadin, B-gliadin (Daniel and Triboi 2000; Daniel and Triboi 2001; Pechanek et al.
1997; Timms et al. 1981), and y-gliadin (Daniel and Triboi 2000; Daniel and Triboi 2001,
Huebner et al. 1997; Timms et al. 1981; Wieser and Seilmeier 1998) have all been
demonstrated to decrease with increasing supply. Working with hard red winter wheat
cultivars, Huebner et al. (1997) and Wieser and Seilmeier (1998) found that v-gliadin did
not rise in direct proportion to other gliadins. Since loaf volume is positively correlated
to the proportion of y-gliadin, the proportionately smaller rise of v-gliadin compared to o,
p-, and w-gliadins was responsible for reduced increases in loaf volume observed by

Huebner et al. (1997) as PC increased.

2.17.3 Effect of Increasing Nitrogen Supply on Glutenin Content and Composition
Glutenin content increases as N supply increases (Johansson et al. 2001; Pechanek
et al. 1997; Peltonen 1992; Peltonen and Virtanen 1994; Timms et al. 1981; Wieser and

Seilmeier 1998; Triboi et al. 2000; Zhu et al. 1999). The quantity of LMW-GS and
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HMW-GS also increases in response to increased N supply (Johansson et al. 2001;
Martin et al. 1992; Pechanek et al. 1997; Wieser and Seilmeier 1998; Timms et al. 1981;
Triboi et al. 2000).

N fertilization has also been found to increase the proportion of HMW-GS and
decrease the proportion of LMW-GS, in turn increasing the ratio of HMW-GS to
LMW-GS (Pechanek et al. 1997; Singh et al. 1990; Weiser and Seilmeier 1998; Wooding
et al. 2000b; Zhu et al. 1999). Zhu et al. (1999) reported that the ratio of HMW-GS to
LMW-GS increased slightly for SDS-soluble glutenin in two sets of wheat genotypes.
An increase in the ratio of HMW-GS to LMW-GS should translate into improved
breadmaking quality, since production of HMW-GS increases average MW and
contributes more to breadmaking quality and dough strength than LMW-GS (Pechanek et
al. 1997; Southan and MacRitchie 1999; Stone and Savin 1999; Timms et al. 1981;
Weegels et al. 1996). Other studies have reported an increase in the quantity of
LMW-GS relative to HMW-GS, although results have been inconsistent and variable
(Peltonen and Virtanen 1994; Triboi et al. 2000; Triboi and Triboi-Blondel 2001).

2.17.4 Effect of Sulphur Fertility on Protein Composition

The effect of sulphur fertility, alone or in combination with N fertility, has
pronounced effects on protein composition (Castle and Randall 1987; Fullington et al.
1987, MacRitchie and Gupta 1993; Randall and Wrigley 1986; Shewry and Tatham
1997; Unger 2002; Wrigley et al. 1984; Zhao et al. 1999a; Zhao et al. 1999b). When soil
S status is low, increases in the proportion of S-poor protein fractions are observed

(HMW-GS and w-gliadin), while the proportion of S-rich protein fractions decreases,
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namely o-, B- and y-gliadin, along with EMW-GS. Increases in the proportion of S-poor
proteins are associated with dough that exhibits increased dough strength, increased
resistance to extension, and reduced extensibility (Wooding et al. 2000b; Wrigley et al.
1984; Zhao et al. 1999a), as well as reduced breadmaking quality (Kettlewell et al. 1998;

Moss et al. 1981; Zhao et al. 1999a; Zhao et al. 1999b).

2.17.5 Effect of Temperature Stress on Gliadin Composition

High temperature stress primarily affects the gliadin protein fraction (Blumenthal
et al. 1993; Borghi et al. 1995; Ciaffi et al. 1996; Corbellini et al. 1997; Daniel and Triboi
2000; Daniel and Triboi 2001; Panozzo and Eagles 2000; Panozzo et al. 2001; Stone and
Nicolas 1996b). In response to increased temperature, the rate of gliadin synthesis
increases. However, the quantity of gliadin in the kernel decreases overall due to a
reduction in the length of the filling period (Blumenthal et al. 1993; Borghi et al. 1995;
Ciaffi et al. 1996; Daniel and Triboi 2000; Daniel and Triboi 2001; Stone and Nicolas
1996b; Triboi and Leblevenec 1995). Increasing the rate of gliadin synthesis and
reducing the duration of both gliadin and glutenin synthesis results in an increase in the
ratio of gliadin to glutenin, in turn lowering dough strength and affecting end-use quality
(Blumenthal et al. 1993; Daniel and Triboi 2000; Daniel and Triboi 2001).

With respect to individual gliadin fractions, Daniel and Triboi (2001) determined
the effect of elevated temperature on gliadin accumulation was greater for o- and j-
gliadin relative to y- or w-gliadin. The proportion of o-, - and o-gliadin increased as
temperature increased, while the proportion of y-gliadin decreased. Ciaffi et al. (1996)

observed increases in the proportion of y- and w-gliadin as heat stress increased.
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2.17.6 Effect of Environment on Glutenin Polymerization

In recent years, the effect of environment on glutenin polymerization has attracted
considerable interest, given the importance of polymer size to end-use quality (Gupta et
al. 1993; Southan and MacRitchie 1999; Stone and Savin 1999). Along with a reduction
in the quantity of glutenin as a result of temperature stress (>35°C) during filling, a
number of researchers have also observed a reduction in the proportion of SDS-insoluble
polymer relative to SDS-soluble polymer. The reduction in the proportion of
SDS-insoluble polymer indicates a reduction in glutenin polymerization (Ciaffi et al.
1996; Corbellini et al. 1997; Stone et al. 1997; Stone and Nicolas 1996b; Triboi and
Leblevenec 1995). Negative effects of heat stress on the polymerization of glutenin are
most pronounced when heat stress is applied late during the filling period (Corbellini et
al. 1997). Since polymerization does not occur on a large scale until roughly 35 DAA
(Aussenac and Carceller 2000; Hussain and Lukow 1995; Stone and Nicolas 1996a), heat
stress imposed late during filling has a detrimental effect on polymerization. Stresses that
result in a reduction of the duration of the filling period will negatively affect the
accumulation of individual protein fractions, particularly those that are laid down later
during the filling period.

Studies of gliadin and glutenin gene expression by Altenbach et al. (2002) and
Perrotta et al. (1998) support the idea that the effect of heat and/or moisture stress is to
reduce the duration of the filling period (and the potential for glutenin polymerization)
rather than to increase gliadin synthesis. Neither study detected increased gliadin
synthesis as a result of heat stress. However, under high temperature regimes, Altenbach

et al. (2002) observed expression of gliadin and glutenin genes that occurred slightly
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earlier compared to wheat that was not stressed by high temperatures, particularly where
wheat did not receive post-anthesis N fertilizer. The duration of the expression of gliadin
and glutenin genes was also reduced.

Temperature and moisture conditions may also have a positive effect on glutenin
polymerization. Randall and Moss (1990) observed that warm temperatures below a
threshold level of 30°C during grain filling increased dough strength, while daytime
temperatures that exceeded 30°C for even a few days reduced dough strength
dramatically. Even where PC did not change as a result of the stress, dough strength was
reduced by high temperature stress, suggesting differences in protein quality were
responsible for the reduction in dough strength. Comparing dryland and irrigated wheat
subjected to heat stress roughly 21 DAA, Panozzo et al. (2001) found wheat from the
dryland environment had an identical gliadin to glutenin ratio as irrigated wheat grown
nearby, but dryland wheat exhibited significantly higher dough strength than irrigated
wheat. The authors attributed the increased dough strength of wheat from the dryland
environment to a higher proportion of highly polymeric glutenin.

Environmental factors that lengthen the duration of the filling period will also
affect the accumulation of individual protein fractions. The effects of N fertilization and
duration of the filling period on the quality of the French soft wheat cultivar Soissons
were evaluated by Jia et al. (1996a; 1996b). Compared to plots that received both N
fertilizer and fungicide treatment, wheat in plots that were fertilized but that did not
receive fungicide application had a higher proportion of SDS-soluble glutenin and a
lower proportion of SDS-insoluble glutenin (Jia et al. 1996a). The authors attributed the

lower proportion of SDS-insoluble glutenin of the treatment that did not receive fungicide
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to shortening of the duration of the filling period. Differences in the response of various
Alveograph parameters to increasing N supply at a wide variety of locations were
attributed to the effect of environment on glutenin polymerization (Jia et al. 1996b),
although information regarding the effect of environmental factors on filling period
duration were not given. In each study, the response of glutenin polymers to N
fertilization depended on environmental conditions, specifically conditions during the

filling period.
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3.0 THE EFFECT OF CROP ROTATION AND FERTILIZER N SOURCE ON

SOIL NITROGEN STATUS AND NITROGEN ACCUMULATION OF CANADA
WESTERN RED SPRING WHEAT

3.1 Abstract

Two goals in improving the sustainability of western Canadian cropping systems
are maximizing soil N supplying power and improving the synchrony of N availability
and crop N uptake. The main goal of this study was to evaluate the effect of pulse crop
rotation and controlled-release urea (CRU) on soil N status and N accumulation of
Canada Western Red Spring (CWRS) wheat. Spring wheat (Triticum aestivum L. cv. AC
Barrie) was grown at Carman, MB in 2000 and 2001, and at Brandon, MB, in 2001 on
field pea (Pisum sativum L.) and flax (Linum usitatissimum L.) stubble at three rates
(0, 30, and 90 kg N ha™) of fertilizer N from two N sources, namely ammonium nitrate
(AN) and CRU, a polyurethane-coated urea with an N content of 43 per cent. Prior to
planting, estimated soil NOs-N to a depth of 120 cm was significantly higher for field pea
stubble than for flax stubble at Carman-00 (P < 0.0015) and Brandon-01 (P < 0.022).
Similar differences were also evident at anthesis at Carman-00. The higher N-supplying
power of field pea stubble was attributed to the sparing of soil N, as well as greater
post-harvest N mineralization. Previous crop and fertilizer N source had an effect on the
pattern of N accumulation. At anthesis, aboveground N yield of wheat grown on field
pea stubble (P-W) was significantly higher compared to flax stubble (F-W) at Carman-00
and Brandon-01. Apparent net mineralized N during the growing season and per cent
post-anthesis N uptake were higher for F-W compared to P-W at Carman-00 and

Brandon-01, contrary to many western Canadian studies that suggest enhanced
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mineralization and/or post-anthesis N uptake where wheat is preceded by an annual grain
legume. Grain yield and N yield were significantly higher for P-W versus F-W at
Carman-00 and Brandon-01 at all three N rates and appeared to be due primarily to
increased N availability early in the growing season.

Plant N yield at anthesis was higher with AN compared to CRU at Carman-00
(P < 0.0147) and Brandon-01 (P < 0.0198) and was attributed to differences in fertilizer
N release pattern. Post-anthesis N uptake with CRU was significantly higher than for AN
at Brandon-01 (P < 0.0091), although differences did not translate into significant
differences in grain yield, PC, or N yield. The relatively high soil N status at Carman in

2001 may have masked the effect of N source on plant N availability and uptake.

3.2 Introduction

In recent years, the premium paid by the Canadian Wheat Board for high protein
concentration (PC) Canada Western Red Spring wheat (CWRS) (Triticum aestivum L.) of
acceptable quality has comprised a sizeable proportion of wheat producer returns (Flaten
et al. 2000). At the same time, an increasing proportion of grain produced on the Prairies
is being collected in large-scale high throughput elevators with the capacity to deliver
large volumes of wheat cleaned to export standards of a specific grade and PC to end
users. As regional averaging of wheat quality through blending declines (Preston et al.
2002), the wheat industry must learn more about the impact of agronomic practices,
including crop rotation and fertilizer technology, on wheat PC and quality. Given the

relatively high cost of nitrogen (N) fertilizer, as well as the environmental and economic
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costs associated with excessive N fertilization, maximizing N use efficiency and the N
supplying potential of cropping systems are of considerable interest.

Growing wheat after annual grain legumes such as field pea (Pisum sativum L.)
has been identified as one means of increasing the N supplying power of soils (Beckie
and Brandt 1997; Beckie et al. 1997; Fu et al. 1999; Mooleki et al. 1997; Strong et al.
1986a). Annual grain legumes improve soil N status as a direct consequence of the
decomposition and subsequent mineralization of legume residue N (Fu et al. 1999; Jensen
1993; Mooleki et al. 1997), as well as indirectly through the conservation of soil N as a
result of biological N fixation (Chalk et al. 1993; Evans et al. 1991; Soon et al. 2001;
Strong et al. 1986).

The contribution of the legume direct N benefit (i.e. N made available from the
legume residue) to the total N benefit depends on the quantity (Adderley et al. 1998;
Beckie and Brandt 1997; McCallum et al. 2000) and quality of legume residue. Grain
legume residues tend to have a low carbon to nitrogen ratio, and as such legumes have
been demonstrated to enhance N availability to a succeeding crop due to more rapid
decomposition and net mineralization (Janzen and Kucey 1988; Schoenau 1995), as well
as reduced immobilization of fertilizer N (Fu et al. 1999; Mooleki et al. 1997). In
numerous short-term rotation studies conducted in the Northern Plains, the increased N
availability from legume residues is attributed primarily to mineralization during the
growing season (Badaruddin and Meyer 1994; Beckie et al. 1997; Flaten and Greer 1998;
Miller et al. 2002a; Miller et al. 2002b).

One of the best illustrations of the effect of crop rotation on N mineralization

during the growing season is the long-term wheat-lentil rotation established at Swift
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Current in 1967. Zentner et al. (2001) reported that wheat grown after lentil had higher
grain PC than wheat grown after wheat despite each rotation starting out with the same
amount of total available N. One perceived benefit of mineralization of residue N during
the growing season is improved synchrony of N availability and plant N uptake (Grant et
al. 2002; Miller et al. 2002; Zentner 2001). However, besides legume residue quantity
and quality, factors such as post-harvest and growing season soil moisture and
temperature regime have pronounced effects on the quantity and temporal availability of
residue N (Schoenau 1995).

Controlled-release fertilizers (CRFs) may also have the ability to improve the
synchrony of N uptake and N availability, increase NUE, and reduce N losses to the
environment such as leaching and denitrification (Haderlein et al. 2001; Hauck 1985;
Shaviv 2001). Compared to slow-release N fertilizers, CRFs have a more well-defined,
predictable pattern of N release. Due in part to its prohibitive cost relative to
conventional N fertilizers, most CRF research has been relegated to vegetables,
ornamental crops, and turf; little information exists on the effect of CRFs on the
production of conventional grain crops such as wheat or corn (Shaviv 2001). Haderlein
et al. (2001) evaluated the effect of side-banded controlled-release urea (CRU) and
conventional urea on spring wheat and found significantly higher PC and NUE for the
CRU treatment as a result of higher N uptake and recovery later in the growing season.

Improving late season N availability is important when considering PC. As N
availability is delayed until later in the growing season, it has a greater positive impact on
PC relative to dry matter (DM) yield (Grant and Flaten 1998; Haderlein et al. 2001;

Johnston and Fowler 1991a; Selles et al. 1997). However, in order to realize the
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perceived benefits of annual grain legumes or CRU in a succeeding wheat crop, N must
be in an available form, plant N uptake must not be limited by a lack of soil moisture, and
the N must be effectively translocated to the grain. Even when these conditions are
satisfied, plant N uptake may be repressed due to a series of complex source-sink
relationships within the plant (Tourraine and Gojon 2001).

The main objective of our study was to evaluate the effect of pulse crop rotation
and controlled-release urea on N accumulation and protein quality in CWRS wheat.
Specifically, in the part of the study reported in this paper, we wanted to further
investigate the observation that annual grain legumes and CRU improve the timing of N
availability to match crop demand under conditions typical for the eastern Prairies. In
many similar studies, legume-wheat rotations have been compared to cereal-wheat
rotations. This method typically results in an overstatement of the legume benefit due to
the presence of sizeable legume non-N benefits such as soil moisture conservation Miller
et al. 1998a; Miller et al. 2002b), the interruption of cereal disease cycles (Evans et al.
1991; Reeves et al. 1984; Stevenson and van Kessel 1996), and weed pressure reduction
(Stevenson and van Kessel 1996). Therefore, flax (Linum usitatissimum L.) was chosen
as the non N-fixing reference crop in order to focus on the N benefits of the field pea crop

to the succeeding wheat crop.

3.3 Materials and Methods
The experiment was part of a larger rotational study initiated in 1998 comparing
the N benefit of four annual grain legumes and flax on the production of spring wheat.

Main plot treatments were established in 1999 and 2000 at the Carman Research Station
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(prior to the wheat at Carman-00 and Carman-01, respectively) on a Denham sandy loam,
and in 2000 at the Brandon Research Centre (prior to the wheat at Brandon-01) on a
Newdale loam. In the first phase of the rotation, each location contained two main
treatments, namely field pea (cv. Grande) and flax (cv. Norlin). Dimensions of the main
plots were 10 m x 8 m at Carman and 30 m x 7 m at Brandon. Four replicates were
arranged in a randomized complete block design.

In the re-crop phase of the study, spring wheat (cv. AC Barrie) was sown at a rate
of 135 kg ha with a low-disturbance plot seeder; row spacing was 15 cm and 30 cm at
Carman at Brandon, respectively. Five N fertilizer treatments were randomly arranged as
sub-plots in each main plot as part of a split plot design, where the main plot was
previous crop and the subplot was N fertilizer treatment. N was applied at three rates
(0, 30, and 90 kg N ha™) as commercial grade ammonium nitrate (AN) or CRU. The
CRU product was Duration"", a polyurethane-coated urea with an N content of 43%. N
fertilizer was banded prior to seeding at right angles to the direction of seeding at
Carman, and side-banded at seeding at Brandon. Sub-plot dimensions were 2 m x 8 m at
Carman and 6 m x 7 m at Brandon. Commercial grade triple super phosphate was
applied near the seedrow at a rate of 25 kg ha™ P,Os. Neutron access tubes were installed
in the control plots and AN sub-plots to a depth of at least 120 ¢cm as soon as possible
after planting.

Borders and alleyways were sown with wheat and left un-mowed until prior to
harvest to minimize edge effects. Herbicides were applied at recommended rates during
the growing season, while Folicur (tebuconazole) was applied at recommended rates at

anthesis in order to limit the severity of Fusarium head blight. Meteorological data were
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collected on a daily basis using automated weather stations located near the field sites

(Table 3.1).
Site
Carman-00 Carman-01 Brandon-01

May
Precipitation (mm) 55 (53) 53 70 (48)
Average Air Temperature (°C) 11.5(11.9) 12.8 12.7 (11.0)
June
Precipitation (mm) 94 (73) 41 168 (67)
Average Air Temperature (°C) 14.6 (17.4) 16.2 15.2 (16.2)
July
Precipitation (mm) 47 (69) 193 31(72)
Average Air Temperature (°C) 19 (20.1) 19.8 19.0 (18.7)
August
Precipitation (mm) 86 (66) 22 53 (69)
Average Air Temperature (°C) 18.7 (18.7) 19.5 18.9 (17.5)

*Data in parentheses are 1961-1990 climatic averages (Source: Environment Canada
Climate Center, Winnipeg, MB).

Table 3.1. Meteorological data for the experimental sites.”

3.3.1 Field and Analytical Techniques

A summary of management practices and other relevant information is presented
in Table 3.2. Prior to planting and fertilization of the wheat, soil in main plots was
sampled at depths of 0-15 cm, 15-60 cm, and 60-120 cm. Composites of three to five
50 mm diameter soil cores were prepared for each main plot replicate and stored at 5°C
until they could be air-dried. A summary of soil characteristics based on the average of

the four replicates of each main plot (previous crop) for each site is provided in Table 3.3.
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Site
Characteristic Carman-00 Carman-01 Brandon-01
. Plot combine with Plot combine, no Plot combine, no
Reference Crop Residue .
chopper; no chopper; no chopper; residue
Management . . . . .
incorporation incorporation mowed and disked
Spring Soil Sampling end of April 7-May 10-May
Seeding Date 14-May 16-May 17-May
First neutron probe reading 30-May 21-Jun 22-Jun
50 per cent Anthesis Date 13-Jul 10-Jul 13-Jul
Last Tissue Sampling Date 17-Aug 14-Aug 17-Aug
Harvest Date 24-Aug 16-Aug 24-Aug
Soil Sampling at Harvest 29-Aug 17-Aug 24-Aug

Table 3.2. Agronomic information for the experimental sites.

Anthesis tissue and soil sampling was initiated when 50% of main stems were in
the mid-anthesis stage. At the end of each sub-plot opposite to where neutron access
tubes were installed, two adjacent rows 1 or 1.5 m long (depending on location and row
spacing) were removed just above the soil surface. Heads were separated from the
stem/leaf fraction by removing heads from stems just below the peduncle. Every 7 days
thereafter until 35 days after anthesis (DAA), a single row 1 or 1.5 m long was removed
at a distance of at least 30 cm from the last row sampled. Dry matter (DM) samples were
oven-dried at 70°C for 48 hr as soon as possible after sampling or else frozen
immediately. Oven-dried plant samples were weighed to determine DM yield and ground
to pass through a 2 mm sieve using a Wiley mill. Samples were analyzed for total N by
combustion (LECO Corporation, St. Joseph, MI). Total N yield was calculated by
multiplying DM yield by tissue N concentration; N yield of total aboveground plant

material was calculated by addition of the N yield of the head and stem/leaf fractions.



Site and Soil Type

Carman-00 Carman-01 Brandon-01
Denham Denham Newdale
Orthic Black Chernozem Orthic Black Chernozem Orthic Black Chernozem
Characteristic” Depth
(cm) sandy loam sandy loam loam

_Pea_ Flax Pea Flax Pea Flax
pH 0-15 5.7 5.8 5.9 6.0 7.1 7.3
Organic Matter (%) 0-15 31 2.9 5.1 4.7 4.2 4.1
Electrical Conductivity (ds/M) 0-15 0.31 0.27 0.23 0.23 0.89 0.76
Cation Exchange Capacity (meq/100g)  0-15 14.8 16.2 23.5 23.3 26.0 24.2
Estimated NO,-N (kg ha'')’ 0-60 92 (VH)* 48 (M) 64 (H) 59 (H) 51 (M) 33(L)
Estimated NH,-N (kg ha™") 0-15 30 37 15 17 49 57
Extractable SO,-S (mg kg™ 0-60 7 7 7 8 16 3
Extractable P (mg kg™ 0-15 39 34 29 27 10 13
Extractable K (mg kg™) 0-15 277 293 198 184 225 216

“Particle size analysis for soil texture determination was determined by hydrometer method (Black et al. 1965),
organic matter by ignition (McKeague 1976), cation exchange capacity by NH,OAc at pH 7 (McKeague 1976),
2 N KCl extractable NO;-N by automated cadmium reduction method (Clesceri et al. 1998), 2 N KCl extractable
NH,-N by automated phenate method (Clesceri et al. 1998), extractable SO,-S by turbidimetric method (Clesceri
et al. 1998), NH,OAc extractable K by flame photometric method (Clesceri et al. 1998), and benzene-isobutanol-
extractable P by stannous chloride method (Clesceri et al. 1998). Soil pH and electrical conductivity were
determined in water using a soil to water ratio of 1:2 (McKeague 1976).

¥ Estimated assuming a bulk density of 1.33 g cm’.

* Ratings for wheat production according to the Manitoba Soil Fertility Guide where VL = very low; L = low;
M = medium; H = high; VH = very high (Manitoba Agriculture and Food 2001).

Table 3.3. Physical and chemical soil characteristics at the experimental sites.””™

¢8
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At anthesis, soil samples corresponding to 0-10 cm and 10-30 cm depths were
collected from a trench dug perpendicular to the direction of the fertilizer bands,
thoroughly mixed, and sub-sampled. Trench length was equivalent to twice the distance
between fertilizer bands. For deeper samples, a single soil core 50 mm in diameter was
taken from the trench corresponding to depths of 30-50 c¢m, 50-70 cm, 70-90 c¢cm, and
90-110 cm. All coring holes and trenches were filled and packed after sampling. As
soon as possible after harvest, two 50 mm diameter soil cores were taken within the
harvested area of each sub-plot corresponding to the depths sampled during anthesis.
Soil samples were stored at 5°C until further processing was possible.

Once air-dried, soil samples taken at anthesis and maturity were ground (< 2 mm)
using a rotating steel roller and sieve and extracted with 2 M KCI (using a 5:1 extractant
to dry soil equivalent ratio). Soil extracts were analyzed by autoanalyzer (Technicon
1975) for NH," (NH4-N) using a phenate colorimetric method and NO3;," (NO;3-N) using
a cadmium column reduction method (Clesceri et al. 1998). Nitrite-N was assumed to be
negligible for NO3-N determination. NH4-N and NO;-N concentration were calculated
by multiplying the autoanalyzer result by the dilution factor and the extraction ratio.

The estimated quantity of NH&N and NO;-N (expressed in kg ha') was
calculated as N concentration*(sample profile depth/15)*2, assuming a bulk density of
1.33 g em’. Apparent net mineralized N (NMN, expressed in kg N ha™') at anthesis and
harvest was calculated as (sampling date aboveground plant N yield + soil NO3-N to 110
cm) — (soil NOs-N to 120 cm prior to planting + fertilizer N rate). Apparent amount of N

recoverable by the wheat crop at anthesis and harvest (kg N ha') was calculated as
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(sampling date aboveground plant N yield + soil NO3-N to 110 cm). Plant N yield 35
DAA was used for calculation of NMN at harvest.

Soil water status was monitored periodically prior to anthesis, as well as on a
weekly basis between anthesis and harvest. Volumetric soil water content was measured
at depths of 10-30 cm, 30-50 cm, 50-70 cm, 70-90 cm, and 90-110 cm using a
field-calibrated neutron moisture gauge. At the Brandon-01 site, gravimetric water
content (GWC) was determined for the 0-10 depth by collecting two 25 mm wide soil
cores from each sub-plot. VWC was calculated by multiplying GWC by bulk density,
which was assumed to be 1.33 g cm®. A neutron moisture gauge equipped with a surface
shield was used to collect VWC data at the Carman-00 and Carman-01 sites.

Prior to harvest, sub-plots were scored for lodging using a 0-9 scale. Wheat was
harvested from a 9-34 m? area using a small plot combine, excluding plot edges.
Samples were allowed to air-dry, using aeration where necessary. Grain yield was based
on cleaned samples. Grain samples were ground to pass through a 2 mm sieve using a
Wiley mill; total grain N content was determined by combustion. Grain N yield was
determined by multiplying grain N concentration by grain yield, and was adjusted for

harvested area and a 14% moisture basis.

3.3.2 Statistical Analysis

Data were analyzed by analysis of variance (ANOVA) for a factorial experiment
arranged in a randomized complete block design using the Proc GLM procedure (SAS
Institute Inc. 2001). Statistical analysis of all soil NOs-N data was preceded by natural

log transformation in order to ensure homogeneous variances. The effect of previous
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crop on spring soil NO3;-N was analyzed by ANOVA using the Proc GLM procedure.
Pre-determined, non-orthogonal single degree of freedom contrasts were used to evaluate
fertilizer N source and stubble*N rate combinations. Effects were considered to be
significant at P < 0.05. Soil water extraction was evaluated using paired t-tests and was
assumed to have occurred for a given depth where at least one pair of soil water sampling
dates (successive or non-successive) showed significant depletion of water (P < 0.05)
prior to or after anthesis. This method assumes no loss in water content due to upward or

downward movement of water between soil depths.

3.4 Results and Discussion
3.4.1 Soil Water Status During the Growing Season

The results of paired t-tests indicated that by the end of the growing season, soil
water had been extracted to a depth of 90-110 cm at Carman-00 and Carman-01,
compared to 70-90 cm at Brandon-01 (Fig. 3.1). Therefore, soil NO3-N at 90-110 cm at
Brandon-01 was not considered to be recoverable by the wheat crop and was omitted
when calculating plant recoverable N at anthesis and harvest.

At 35 days after planting, the only instance where previous crop had a significant
effect on VWC was at the 30-50 cm at Brandon-01, where VWC for P-W was
significantly lower than for F-W. This observation, along with visual evaluations of
weed or disease pressure in the wheat crop prior to pesticide application, demonstrated
that the effect of non-N benefits was effectively excluded by using flax as

the non N-fixing reference crop. Significantly lower VWC was observed post-anthesis at
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Carman-00 for P-W compared to F-W at 10-30 c¢m, 30-50 cm, and 50-70 cm; differences

were attributed to differences in plant water demand as a result of hi gher DM production.

3.4.2 Soil N Status Prior to Planting

Previous crop did not have a significant effect on soil NH4-N status prior to
planting at any of the experimental sites (data are not presented). At Carman-00 and
Brandon-01, soil NOs-N was higher at all three depth increments where field pea was
grown compared to flax, though statistically it was not significantly higher at 15-60 cm at
Brandon (Table 3.4). At Carman-01, previous crop had no effect on soil NOs-N levels;
overall NO;-N levels were very high, particularly at a depth of 60-120 cm. The lack of
an effect of previous crop on soil NOs-N status at Carman-01 may have been due to the
initially high soil N-supplying power of the site prior to establishment of the initial phase
of the rotation (this area of the research station has a long-term history of perennial
forage, including alfalfa). In such a situation, field pea would make greater use of
mineral N rather than fix atmospheric N (Androsoff et al. 1995; Stevenson et al. 1995),
decreasing the soil mineral N pool and limiting the N benefit of the legume. Therefore,
this site year will not be discussed extensively.

Differences in N-supplying power of field pea and flax at the Carman-00 and
Brandon-01 sites were most likely due to the N sparing effect of field pea as well as
mineralization of N from field pea residue (Chalk et al. 1993; Evans et al. 1991; Strong et
al. 1986), although the contributions of each factor to the total N benefit likely differed
among the sites. Given the high soil NOs-N levels at the Carman sites, the proportion of

the N benefit attributable to post-harvest mineralization was likely greater, since as
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described previously, field pea makes more use of mineral N rather than fix atmospheric
N in situations where soil mineral N levels are high. At Brandon-01, soil N levels were
much lower than at the Carman sites. Therefore, a higher proportion of the N benefit
would likely come from soil N sparing,

A significant contribution of N from the legume residue as a result of
mineralization of field pea residue during the re-crop phase of the study and prior to
anthesis is unlikely, especially in light of the low estimate of net N mineralization during
the growing season. However, post-harvest mineralization during the initial phase of the

study may have contributed to the N benefit of the grain legume.

Depth (cm)
0-15 15-60 60-120 0-120
Carman-00
Pea 23 69 28 120
Flax 10 37 18 65
Significance (Pr > F) 0.0027 0.0022 0.0036 0.0015
CV (%) 8.6 4.4 4.4 3.5
Depth (cm)
0-15 15-60 60-120 0-120
Carman-01
Pea 13 52 70 134
Flax 13 46 91 150
Significance (Pr > F) 0.95 0.50 0.48 0.82
CV (%) 44 8.4 8.8 6.3
Depth (cm)
0-15 15-60 60-120 0-120
Brandon-01
Pea 22 30 30 81
Flax 14 19 16 50
Significance (Pr > F) 0.0357 0.10 0.0099 0.022
CV (%) 8.4 11.7 7.7 6.0

“Means are presented as non-transformed data.
Y Statistical analysis was preceded by log transformation to ensure homogeneity
of variance.

Table 3.4. Distribution of estimated NO;-N (kg ha™) in the soil profile prior to planting
as affected by previous crop.
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Given its chemical composition, the N contribution of legume residue to the soil
inorganic N pool is often low because the C:N ratio of grain legume residue is between
40:1 to 50:1 (Bremer and van Kessel 1992; Grenier 1992; Soon et al. 2001). Grenier
(1992) found the N concentration of lentil residue was 2.5 and 2.1 per cent in the bloom
and mid-pod stages, respectively, which translated into C:N ratios of 16:1 and 17:1,
respectively, indicating addition of the residue to the soil, resulting in initial net
mineralization. At maturity, residue N concentration was 0.9%, and the C:N ratio was
46:1, suggesting initial net immobilization. A more immediate source of N attributable to
the legume and available to the subsequent crop is N found in legume roots (Armstrong
et al. 1994; Chalk et al. 1993; Senaratne and Hardarson 1988) and rhizodeposits (Jensen
1996; Soon et al. 2001). However, this N source typically comprises no more than 10%
of the total N content of legume residue (Senaratne and Hardarson 1988). Jensen (1996)
found rhizodeposits contributed 35% of the N mineralized after field pea compared to
12% of the N mineralized after barley; total net N mineralization of field pea and barley
stubble was similar upon removal of roots and root fragments from the soil.

If grain legume residue were to directly contribute to soil N, mineralization would
have to occur during the period following grain legume harvest in late summer and fall.
In addition to residue quantity and quality, soil moisture and temperature also strongly
influence mineralization (Schoenau 1995). Thiessen Martens and Entz (2001) found
southern Manitoba was best suited for relay and double cropping with winter wheat in
western Canada due to the potential for significant late summer and early fall
precipitation and thermal energy accumulation. While southern Saskatchewan receives

significant thermal energy late in the growing season, precipitation is considerably lower
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than in southern Manitoba, reducing the potential for mineralization. The potential for
late-season N mineralization was high in Brandon and Carman. The apparent early
maturation of field pea relative to other major field crops in western Canada, combined
with conditions conducive to N mineralization during the period following harvesting,
suggests increased potential for N mineralization on field pea stubble.

Therefore, soil NO;-N under field pea stubble at Carman-00 and Brandon-01 was
likely present post-harvest as a result of soil N conservation and N mineralization. As
such, the potential for N losses from leaching and denitrification increased, both of which
are of considerable concern in southern Manitoba given the potential for wet post-harvest
conditions. In western Europe, for example, N leaching following legume production is a
serious issue (Lung et al. 1989). Selection of crops that are effectively able to
accumulate N during the autumn are essential following production of annual grain
legumes, since conserved N and N made available through mineralization of legume is
subject to leaching (Jensen 1993; Jung et al. 1989). The combination of high soil N
levels and favorable post-harvest soil moisture heat resources make field pea stubble an
ideal candidate for relay-cropping or double cropping with a fall cereal such as winter

wheat (Thiessen Martens and Entz 2001).

3.4.3 Soil N Status at Anthesis

No consistent previous crop or fertilizer N source effects were observed for
estimated soil NH4-N at anthesis (data not presented). Differences in soil NO3-N levels
observed at planting at Carman-00 remained prominent at anthesis (Fig. 3.2). Estimated

soil NOs-N for P-W was higher at all sampling depths and became more pronounced as
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sampling depth increased, although NO;-N was reasonably well distributed through the
soil profile. In control plots, P-W had 25 kg ha™ of additional NO;-N to a depth of 110
cm compared to F-W (P < 0.0199). At Brandon-01, total NO3-N to a depth of 110 ¢cm for
P-W was 40 kg ha! versus 36 kg ha' for F-W; differences were statistically significant
(P < 0.0433) and most prominent at depths of 0-10 ¢cm and 10-30 cm. The higher soil
NO;-N concentrations for field pea stubble prior to planting at the Carman-00 and
Brandon-01 sites translated into higher wheat N uptake prior to anthesis rather than

during grain filling.

3.4.4 Soil N Status at Harvest
No consistent differences were observed for the effect of previous crop or
fertilizer N source on estimated soil NHg4-N at harvest. Estimated soil NOs-N to a depth
of 110 cm at Carman-00, Carman-01, and Brandon-01 averaged 40 kg ha™', 55 kg ha™,
and 18 kg ha™, respectively. Differences in estimated soil NO;-N observed at anthesis as
affected by previous crop were no longer evident at harvest. Interestingly, there was very
little change in soil NO;-N content between anthesis and harvest at Carman-00. Soil
NOs-N increased substantially in the upper soil profile between anthesis and harvest,
while at the same time NO3-N content declined in the lower soil profile (70-110 cm),
indicating NO3-N extraction at depth and N mineralization in excess of N uptake in the

upper soil profile.
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Figure 3.2. Estimated NO;-N (kg ha'l) in the soil profile at anthesis as affected by previous crop. Open
symbols represent flax stubble while closed symbols represent field pea stubble. P-values are
presented for each sampling depth.
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3.4.5 Evolution of Plant Recoverable N During the Growing Season

Plant recoverable N at anthesis (Table 3.5) was signiﬁ'cantly higher for P-W at
Carman-00 relative to F-W due to a combination of significantly higher soil NO;-N
within the root zone (Fig. 3.2) and N uptake. Higher plant recoverable N for P-W at
Brandon-01 at anthesis was attributable almost exclusively to significantly higher plant N
uptake. The only instance where previous crop had a significant effect on estimated plant
recoverable N at harvest was at Brandon-01, due primarily to higher plant N yield for
P-W compared to F-W. The AN treatment exhibited significantly higher plant
recoverable N at anthesis compared to the CRU treatment at Brandon-01 and Carman-00
due to differences in plant N accumulation; fertilizer N source had no effect on
recoverable N at Carman-01. It is important to note that fertilizer N source had no
significant effect on plant recoverable N at harvest at Brandon-01, meaning recoverable
N for the CRU treatment increased between anthesis and harvest, implying greater N

availability post-anthesis.

3.4.6 Evolution of Apparent Net Mineralized N During the Growing Season
Previous field research done under conditions typical of southern Manitoba
suggests most mineralization takes place after anthesis once soil temperature increases
considerably (McGill 1969). Mineralization in western Canadian soils may be limited in
early spring because of dryness or soil temperatures too cool to stimulate appreciable
mineralization (McGill 1969; Schoenau 1995). Jowkin and Schoenau (1995) reported
potential N availability increased from late June to early September, corresponding

to a rapid increase in soil temperature. The pattern of apparent net mineralized N (NMN)



Treatment Anthesis Harvest

Previous Crop I\Z kAg p}f:_lg d Carman-00  Carman-01  Brandon-01 Carman-00 .  Carman-01  Brandon-01
Pea 199 193 143 225 244 143
Flax 141 214 116 196 264 124
0 132 180 9 188 208 105
30AN? 157 179 122 209 228 120
30CRYY 164 194 108 197 254 130
90AN 208 239 168 241 294 157
90CRU 189 226 152 219 287 156
ANOVA Pr>F
Previous Crop (P) 0.005 0.44 0.0122 0.14 0.26 0.0333
N Applied (kg ha™) (N) <0.0001 0.0156 <0.0001 0.0224 0.0004 <0.0001
PN 0.0166 0.23 0.13 0.38 0.64 0.29
Contrast
AN versus CRU 0.0628 0.96 0.0223 (1) 0.10 0.48 0.47
Pea vs Flax at 0 N 0.0078 (+) 0.0364 (-) 0.0166 (+) 0.25 0.22 0.11
Pea vs Flax at 30 N <0.0001 (+) 0.89 0.0021 (+) 0.0242 (+) 0.92 0.0017 (+)
Pea vs Flax at 90 N <0.0001 (+) 0.52 0.0232 (+) 0.10 0.0783 0.71
CV (%) 77 19.4 13.7 14.5 14.9 15.0

“ Ammonium nitrate fertilizer.
? Controlled-release urea fertilizer.

* A P-value followed by (+) indicates the value of the first treatment of the contrast is significantly greater than the value of
the second treatment, while (-) indicates the opposite.

Table 3.5. Plant recoverable N (kg ha™) at anthesis and harvest at the experimental sites as affected by previous crop and
fertilizer N treatment.””*
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during the growing season at the Carman-00 and Carman-01 sites conforms to the
findings of McGill in three situations, namely F-W at Carman-00 as well as F-W and
P-W at Carman-01 (Table 3.6). In all three cases, apparent NMN was greater than 60 kg
ha. In the three situations where apparent NMN was low, the easily mineralized N pool
may have been exhausted prior to the start of the growing season.

Compared to Brandon-01, higher harvest NMN for the Carman site in both years
suggests considerably higher mineralization potential. Based on the data collected, it is
unclear exactly when after anthesis the mineralization flush occurred, particularly for
Carman-00. There was little change in the estimated quantity of NO3-N at 0-30 cm at
Carman-00 between anthesis and harvest, and NOs-N levels increased substantially post-
anthesis at 0-30 cm at Carman-01 (Fig. 3.3). This observation suggests the N available as
a result of mineralization was not fully exploited by the wheat crop at those sites. Given
the drying and subsequent re-wetting of the upper 30 cm late in the growing season (Fig.
3.1), a second flush of mineralization may have occurred and therefore N availability
would not have been in synchrony with plant N uptake.

Interestingly, NMN for F-W was substantially higher than for P-W between
anthesis and harvest for Carman-00 and Brandon-01, which may help to explain the
similarities in the quantity of post-anthesis N uptake for F-W and P-W. The lower
apparent NMN of P-W relative to F-W may be due to the combination of N sparing and
post-harvest mineralization of field pea residue. For example, mineralization of legume
N in the P-W rotation during the post-harvest period would explain why the direct N

benefit of the residue was realized at planting rather than later in the growing season.
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Planting to Planting to Anthesis to
Anthesis Harvest Harvest
Carman-00
Pea 33 (6) 59 (11) 26 (8)
Flax 27 (5) 82 (8) 55(8)
Pr>F 0.63 0.36 0.054
Planting to Planting to Anthesis to
Anthesis Harvest Harvest
Carman-01
Pea 11 (9) 66 (6) 55(10)
Flax 16 (11) 62 (10) 46 (14)
Pr>F 0.23 0.72 0.096
Planting to Planting to Anthesis to
Anthesis Harvest Harvest
Brandon-01
Pea 13 (5) 14 (5) 1(6)
Flax 18 (5) 26 (6) 8 (6)
Pr>F 0.45 0.0726 0.0355

* Standard errors are presented in parentheses.

Table 3.6. Apparent net N mineralized (kg N ha™) during the growing season as affected
by previous crop. *

The pattern of apparent NMN during the growing season may be explained by the
effect of residue addition on immobilization of inorganic N, fertilizer N or otherwise.
The C:N ratio of the field pea residue was probably considerably lower than the C:N ratio
of the flax residue. Therefore, during the initial phase of decomposition, flax residues
should cause greater initial net immobilization of soil and fertilizer N compared to field
pearesidues. As aresult, less soil and fertilizer N would be tied up in the organic form in
the field pea system and would be therefore be made available to the wheat crop early in
the growing season. Therefore, NMN later in the growing season would be expected to
be higher in the flax system, in agreement with the findings of this study.

The slow, steady N release pattern of legume residues during the subsequent

growing season, as suggested and/or observed by many researchers (Badaruddin and
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Meyer 1994; Beckie et al. 1997; Flaten and Greer 1998; Miller et al. 1998b; Miller et al.

2002a) was not observed under the conditions of this study. Our results stress the need
for a better understanding of the nature of the N benefit of legumes, including the
temporal availability of N with respect to post-harvest environmental conditions and
residue quality and quantity. In this study, spring soil testing would have been the most
effective means of assessing the N benefit of an annual legume to a succeeding crop
rather than allowing an additional N credit for mineralization of field pea residue during

the growing season.

3.4.7 Nitrogen Uptake and Partitioning
3.4.7.1 General Pattern of N Uptake

The pattern of N yield of the stem/leaf, head, and total aboveground plant fraction
as influenced by previous crop is presented in Figures 3.4 to 3.6. Plant N yield at
anthesis demonstrated a strong, linear relationship to estimated spring soil NOs-N to a
depth of 120 cm plus fertilizer N rate (data not presented) for Carman-00 (+* = 0.67) and
Brandon-01 (** = 0.71), while the relationship was weaker at Carman-01 (+* = 0.41).
Post-anthesis N accumulation as a percentage of plant N yield 35 DAA was 21.9, 24.8,
and 20.1% at Carman-00, Carman-01, and Brandon-01, respectively (Table 3.7), similar
to results reported in other studies in western Canada (Clarke et al. 1990; Darroch and
Fowler 1990). However, given the favorable soil NO3;-N and moisture levels during
grain filling, particularly for Carman-01, we expected a somewhat higher proportion of N
to be taken up after anthesis. Boatwright and Haas (1961) reported wheat fertilized with

N achieved maximum N uptake during the soft dough phase, while unfertilized wheat
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Treatment

Pre-Anthesis N Uptake (kg ha™")

Post-Anthesis N Uptake (kg ha'l)

% N Uptake Post-Anthesis

Previous Crop Iilgpliihg d Carman-00 Carman-01 Brandon-01 Carman-00 Carman-01 Brandon-01 Carman-00 Carman-01 Brandon-01
Pea 149 (6) 145 (7) 102 (5) 34 (6) 50 (10) 23 (5) 17 (4) 26 (1) 18 (4)
Flax 114 (5) 150 (6) 80 (7) 45 (7) 48 (9) 25(5) 27 (4) 24 (1) 24 (4)
0 99 (5) 127 (15) 60 (7) 53(7) 43 (16) 253) 34 (4) 25() 314
30ANY 125 (9) 137.(7) 87 (7) 44 (11) 47 (23) 15 (5) 24 (8) 25 (1) 14 (4)
30CRU* 128 (10) 149 (9) 76 (5) 30(9) 54 (18) 39 (8) 17 (6) 26 (1) 32(5)
90AN 166 (10) 161 (7) 122 (5) 33(8) 50 (10) 14 (12) 16 (4) 23 (1) 7(7)
90CRU 139 (6) 161 (5) 110 (8) 37 (15) 51 (15) 27 (5) 18 (8) 24 (1) 20 (5)
ANOVA Pr>F
Previous Crop (P) 0.0034 0.49 0.0145 0.24 0.92 0.42 0.0337 0.12 0.0334
N Applied (kg ha™) (N) <0.0001 0.0098 <0.0001 0.49 0.95 0.20 0.16 0.99 0.0135
P*N 0.0933 0.19 0.18 0.38 0.91 0.61 0.54 0.55 0.68
Contrast
AN versus CRU 0.0147 (+)* 0.40 0.0198 (+) 0.62 0.65 0.0304 (-) 0.68 0.87 0.0091 (-)
Peavs Flax at O N 0.115 0.0438 (-) 0.0044 (+) 0.71 0.96 0.60 0.99 0.20 0.12
Pea vs Flax at 30 N <0.0001 (+) 0.60 0.0009 (+) 0.43 0.74 0.33 0.18 0.43 0.92
Pea vs Flax at 90 N <0.0001 (+) 0.45 0.0382 (+) 0.13 0.56 0.25 0.0813 0.37 0.23

* Standard errors are presented in parentheses.
¥ Ammonium nitrate fertilizer.

* Controlled-release urea fertilizer.

¥ A P -value followed by (+) indicates the value of the first treatment of the contrast is significantly greater than the value of the

second treatment, while (-) indicates the opposite.

Table 3.7. Pre-anthesis N uptake, post-anthesis N uptake, and per cent N uptake post-anthesis at the experimental sites as
affected by previous crop and fertilizer N treatment.””™"

SOI
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continued to accumulate N until maturity. Given the quantity of N accumulated by
anthesis at Carman-00 and Carman-01, the N needs of the crop were likely satisfied near
anthesis and as a result, the crop relied less on post-anthesis N uptake to satisfy overall
plant N demand.

The general pattern of N accumulation varied across the three environments
studied due to differences in soil N-supplying power and environmental conditions
during the growing season. While total plant N yield at Carman-00 and Brandon-01
increased throughout the sampling period, maximum plant N yield at Carman-01
occurred 21 days DAA. Despite ample soil moisture and NO;-N, overall plant N yield at
Carman-01 declined 27 kg N ha between 21 and 35 DAA, and may be attributable to

volatile loss of NHj3 (Harper et al. 1987) or loss of stem/leaf DM due in part to lodging.

3.4.7.2 Effect of Previous Crop on N Accumulation Pattern

Total N accumulation at anthesis for P-W was significantly higher than for F-W at
Carman-00 and Brandon-01; effects were consistent across the three N rates evaluated.
As expected, given the lack of an effect of previous crop on soil N supply, previous crop
had no effect on N accumulation at Carman-01. At Carman-00 and Brandon-01,
differences in N accumulation between P-W and F-W were maintained throughout the
sampling period (Fig. 3.4 to 3.6). Significant differences in N yield of the stem/leaf
fraction were maintained from anthesis until 35 DAA at Carman (P < 0.0675) and 14
DAA at Brandon (P < 0.10), while differences in N yield of the head fraction became

greater as the filling period progressed, though statistically not significant.
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By 35 DAA, P-W and F-W at Carman-00 accumulated 183 kg N ha™ and 159 kg

N ha’, respectively, compared to 125 kg N ha” and 105 kg N ha’, respectively, at
Brandon-01 (Table 3.7). While the quantity of post-anthesis N uptake was similar for
P-W and F-W at all sites, the proportion of N accumulated post-anthesis was significantly
higher for F-W versus P-W at Carman-00 and Brandon-01, contrary to expectations. At
both sites, the N benefit of field pea was realized by the wheat prior to anthesis, when N
has a greater impact on the production of DM and yield rather than PC (Grant and Flaten
1998; Selles et al. 1997). In fact, the increased N supply provided by field pea during
vegetative growth at Carman-00 and Brandon-01 proved detrimental to the wheat crop
due to a higher incidence of lodging, particularly for Carman-00 (data not presented).
The results of the NMN calculations also support the idea of greater post-anthesis N

uptake for F-W compared to P-W as a proportion of total N uptake.

3.4.7.3 Effect of Fertilizer N Source on N Accumulation Pattern

Total N accumulation at anthesis for the AN treatment was significantly higher
than for the CRU treatment at Carman-00 and Brandon-O1 (Fig. 3.7). Differences
between N sources were more pronounced at Carman-00 at a rate of 90 kg N ha’
compared to 30 kg N ha’, while differences were consistent at both N rates at
Brandon-01. These results conform to expectations based on the N release pattern of the
two N sources. Since 50% of the N in AN is present as highly mobile NOs-N, AN is
rapidly available to plants, making it a popular N source for topdressing in western

Canada (Harapiak et al. 1987). Conversely, based on immersion in water at 23°C, the N
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release from the CRU product requires 30 to 60 d to reach 80% (Agrium 2000), or 40 to
50 d to reach 100% (Haderlein et al. 2001).

Given the favorable moisture conditions at the three Manitoba sites during the
vegetative phase of development, it is reasonable to expect the majority of the N was
made available to the wheat crop from CRU prior to anthesis (30 to 40 d after planting).
The estimated quantity of NO3-N at anthesis at a depth of 0-10 cm was higher but not
significantly different for the CRU treatment compared to the AN treatment at
Carman-01 and Brandon-O1 (data not presented). There was also no significant
difference between AN and CRU at the Carman-01 site, despite higher N uptake at
anthesis for the AN treatment. Lodging scores were higher but not significantly different
for AN compared to CRU at Carman-00 (data not presented), also demonstrating subtle
differences between the pattern of N availability of the two N sources.

CRU was designed to increase N efficiency by releasing timely amounts of N to
match crop uptake (Haderlein et al. 2001; Shaviv 2001). Therefore, the quantity of N
uptake of the CRU treatment post-anthesis was expected to exceed that of AN,
particularly since soil moisture levels were deemed adequate for crop uptake of NO;-N.
The results from Brandon-01 are in agreement with these expectations, since
post-anthesis N uptake as a percentage of total plant N uptake at 35 DAA for the CRU
treatment (26.3%) was significantly higher than the AN treatment (12.4%) (Table 3.7).
However, at Carman-00 and Carman-01, post-anthesis N uptake was similar for the AN
and CRU treatments. A direct comparison of these results with those of Haderlein et al.

(2001) 1s not valid since Haderlein et al. compared CRU to conventional urea, not AN.
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The Brandon site was the best suited to evaluate the effect of fertilizer N source on wheat
N accumulation, since treatment effects were less likely to be masked by high
concentrations of soil N, as encountered at the Carman sites. Given these findings, CRU
research deserves further study, particularly on sites that are more reflective of the low

concentrations of N that the typical producer could expect.

3.4.8 Harvest Measurements

A summary of harvest data is provided in Table 3.8. Grant and Flaten (1998)
suggested spring wheat yield was considered to be limited by a lack of N where PC was
less than 13.5% on a 14% moisture basis. Based on this criterion alone, N was not
obviously limiting yield at any of the sites. However, grain with a PC greater than 13.5%
does not always indicate yield was not limited by a lack of N at some time during the
growing season. As expected, there was a pronounced yield response at Brandon-01 due
to its relatively low concentration of soil N prior to fertilization. However, wheat from
the treatment with the lowest PC (wheat grown on flax and fertilized with 30 kg ha'! as
AN) exceeded this critical threshold. P-W produced higher grain yield than F-W at
Carman-00 and Brandon-01. At Carman-00, the greatest difference in grain yield
between P-W and F-W was in control plots, the differences becoming smaller as fertilizer
N rate increased; differences were consistent across all three fertilizer N rates at
Brandon-01. As expected, due to high concentrations of soil N, there was almost no

difference in PC between the 0 and 90 kg N ha™* fertilizer rates for Carman-01, indicating

a poor response to applied N.



Treatment

Grain Yield (kg ha™)

Grain Protein Content (%)

Grain N Yield (kg N ha™')

Previous Crop I\zkzplf:f) d Carman-00 Carman-01 Brandon-01 Carman-00 Carman-01 Brandon-01 Carman-00 Carman-01 Brandon-01
Pea 3746 3663 2584 16.7 174 15.2 110 114 69
Flax 3381 3724 2061 15.2 17.6 14.4 90 113 52
0 3479 3719 1795 14.7 17.3 13.9 91 113 44
30AN? 3563 3680 2168 15.7 17.5 14.0 98 113 54
30CRU” 3670 3664 2305 15.4 17.5 14.1 100 113 57
90AN 3426 3735 2678 17.0 17.6 159 102 115 75
90CRU 3679 3668 2668 16.9 17.7 15.8 109 114 74
ANOVA Pr>F
Previous Crop (P) 0.0026 0.50 0.039 0.0305 0.30 0.17 0.0012 0.84 0.0382
N Applied (kg ha™) (N) 0.46 0.91 <0.0001 <0.0001 0.51 <0.0001 0.0057 0.93 <0.0001
P*N 0.0821 0.83 0.24 0.16 0.49 0.05 0.0552 1.00 0.49
Contrast
AN versus CRU 0.13 0.52 0.45 0.45 0.73 0.88 0.14 0.7 0.44
Pea vs Flax at O N 0.0005 (+)¥ 0.77 0.001 (+) 0.0041 (+) 0.17 0.49 <0.0001 (+) 0.95 0.0061 (+)
PeavsFlax at 30 N 0.10 0.15 0.0003 (+) <0.0001 (+) 0.14 0.0039 (+) <0.0001 (+) 0.76 <0.0001 (+)
Peavs Flax at 90 N 0.19 0.93 0.0065 (+) 0.0198 (+) 0.55 0.0067 (+)  0.0055 (+) 0.58 0.0004 (+)
CV (%) 9.2 4.9 10.0 4.2 2.6 3.8 8.5 5.9 10.4

* Ammonium nitrate fertilizer.

¥ Controlled-release urea fertilizer.

* A P -value followed by (+) indicates the value of the first treatment of the contrast is significantly greater than the value of the

second treatment, while (-) indicates the opposite.

Table 3.8. Grain yield, protein content (14% moisture basis), and N yield (DM basis) at the experimental sites as affected by
previous crop and fertilizer N treatment.”*”*

ITI1



112
P-W had significantly higher grain PC than F-W at all three levels of applied N at

Carman-00 (data not presented). At Brandon-01, PC was significantly higher for P-W
than for F-W at the 30 kg N ha and 90 kg N ha™ N rates. Higher PC was observed for
F-W compared to P-W in the control treatment as a result of the dilution effect of yield
on grain PC (Fowler et al. 1990). Grain N yield was significantly higher for P-W than
F-W at Carman-00 and Brandon-01, and differences were consistent across all three
fertilizer N rates. Average grain N yield at Carman-00 was 110 kg N ha™! and 90 kg ha!
for P-W and F-W, respectively, compared to 113 kg N ha’ and 114 kg N ha' at
Carman-01 and 69 kg N ha and 52 kg N ha! at Brandon-01. While the grain N yields
for P-W and F-W are similar to the results reported by Miller et al. (2002b), N yield at the
Carman sites is considerably higher than at Brandon-01 reflecting the high N supply at
the Carman site relative to the Brandon site.

Despite evidence of differences in post-anthesis N accumulation between AN and
CRU treatments, particularly at Brandon-01, N source did not have a significant effect on
grain PC, or grain N yield, at any of the sites. Our results are in contrast to those of
Haderlein et al. (2001), who observed higher grain PC in CRU treatments compared to
conventional urea. However, Haderlein et al. did not compare CRU to AN as in our
experiment. Also, given the high background soil N levels at the Carman sites, the effect
of N source may have been masked, particularly with respect to post-anthesis N

availability as a result of the high NMN values reported in this study.
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3.5 Conclusions

Previous crop and fertilizer N source affected the timing and quantity of N
available to a subsequent wheat crop at sites where grain yield responded to applied
fertilizer N, namely Carman-00 and Brandon-01. Field pea stubble supplied more NOs3-N
to a depth of 120 cm than flax stubble at both of these sites. These differences in
available N persisted until anthesis at Carman-00 but did not at Brandon-01, where the N
benefit of field pea had been fully utilized by the crop at this stage. N yield at anthesis of
wheat grown on field pea stubble was significantly higher compared to flax stubble at the
N responsive sites and the differences in N yield were effectively maintained until
maturity. However, post-anthesis N uptake as a percentage of total N uptake 35 DAA
was significantly higher where wheat was grown on flax stubble compared to pea stubble,
in contrast to the findings of similar studies carried out in western Canada. Grain yield
and grain N yield were significantly higher for wheat grown on pea stubble versus wheat
grown on flax stubble at the N responsive sites and appeared to be due primarily to
differences in N availability early in the growing season.

Compared to the effect of previous crop, N source had considerably less impact
on the pattern and quantity of N uptake by wheat. As expected, plant N yield at anthesis
was higher for the AN treatment compared to the CRU treatment at both Carman-00 and
Brandon-01. At the Brandon-01 site, where soil NO;-N levels were low in comparison to
the Carman sites, post-anthesis N uptake for the CRU treatment was significantly higher
than for AN, although these differences did not translate into significant differences in

grain yield, PC, or grain N yield. The relatively high soil N status at Carman in both
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years may have masked the effect of N source on plant N dynamics and merits further
study.

The results of this study suggest that previous crop had a pronounced impact on
both the quantity and temporal pattern of N release, and that annual grain legumes
provide a considerable N benefit to a succeeding wheat crop. However the temporal
availability of N reported in other studies in western Canada, namely the slow, steady
release of N from grain legume residue during the subsequent growing season, was not
observed. To the contrary, apparent post-anthesis NMN was significantly higher for
wheat grown on flax stubble compared to field pea stubble.

The significantly higher soil NO;-N levels present at planting on field pea stubble
indicate there was considerably greater post-harvest N availability on field pea stubble
compared to flax stubble. The temporal pattern of N availability exhibited by field pea
stubble in this study suggests that under Manitoba conditions, proper N fertility
evaluation prior to the establishment of succeeding crops, as well post-harvest N
management practices such as the use of N catch crops or the establishment of winter
cereals, may improve N recovery from field pea stubble and reduce the risk of N losses

such as denitrification and NOs-N leaching.
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4.0 THE EFFECT OF CROP ROTATION AND FERTILIZER N SOURCE ON

THE BREADMAKING QUALITY OF CANADA WESTERN RED SPRING
WHEAT

4.1 Abstract

The effect of previous crop and fertilizer N source on the end-use quality of
CWRS wheat was determined in a series of small plot experiments carried out at Carman,
MB, Brandon, MB, and Swift Current, SK. In the first phase of the rotation, field pea
(Pisum sativum L.) and flax (Linum usitatissimum L.) were established at Manitoba sites;
durum wheat (7¥iticum durum Desf)) was substituted for flax at Swift Current. In the
re-crop phase, spring wheat (Triticum aestivum L. cv. AC Barrie) was planted. Fertilizer
N was applied at three rates (0, 30, and 90 kg N ha™) and two N sources (ammonium
nitrate and a polyurethane-coated controlled-release urea called Duration™) at the
Manitoba sites. Urea was applied at Swift Current at three rates (34, 50, and 78 kg N
ha™') based on soil test recommendations for dry, average, and wet growing conditions,
respectively. End-use quality was assessed with the Mixograph, dough micro-extension
tests, Farinograph, and the Canadian Short Process bake test. Wheat grown after field
pea had significantly higher flour protein content (FPC) at four of five sites compared to
wheat grown after flax/durum; fertilizer N source had no effect on FPC. Based on pooled
data (n = 110) with a similar range of FPC for field pea and flax/durum stubble, there
was a significant interaction between previous crop and FPC (P < 0.05) for some quality
parameters. Wheat grown on field pea stubble had significantly shorter Mixograph
dough development time at FPC < 14%, lower work input-to peak and a lower dough

strength index than wheat grown on flax/durum stubble. Wheat grown on field pea
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stubble also tended to be more extensible than wheat grown on flax/durum stubble. No
strong interactions were observed for micro-extension test parameters, Farinograph water
absorption, or loaf volume. Coefficients of determination (+*) for selected quality
attributes and FPC increased in many instances by excluding the Swift Current-01
dataset, most likely as a result of the effect of growing season conditions on protein
composition. Besides the effect previous has on overall soil N supply and FPC, this
study also demonstrates that at the same FPC, previous crop alters flour technological
quality, theoretically as a result of the influence previous crop has on the temporal
availability of N during the growing season. This study also stresses the strong effect of
growing season conditions and environment on end-use quality, since at the same FPC,

site years exhibited dramatically different dough strength and functionality.

4.2 Introduction

An increasing proportion of wheat produced on the Prairies is being collected in
large-scale high throughput primary elevators (HTPs) with the capacity to deliver large
volumes of wheat cleaned to export standards of a specific grade and PC to flour mills
across North America. Combined with a trend towards contract production and
marketing, identity-preserved grain handling, and specification-based sales, the regional
averaging of wheat quality through blending is expected to decline (Preston et al. 2002).
Current changes in the grain industry have the potential to increase the influence of
regional agronomic practices and growing season conditions on end-use quality.

Crop rotation and fertilizer N source are known to influence the timing and

amount of N available to the plant. A number of western Canadian studies have reported
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wheat grown on annual grain legume stubble exhibits higher N uptake and grain PC
compared to wheat grown on non-legume stubble (Beckie et al. 1997; Fu et al. 1999;
Mooleki et al. 1997; Strong et al. 1986b; Wright et al. 1990). In a previous study
(Chapter 3) we demonstrated that while wheat grown on field pea stubble accumulated
significantly more total N than wheat grown on flax stubble, wheat grown on flax stubble
accumulated a greater percentage of total N after anthesis. Fertilizer N source was also
shown to influence N uptake, but not to as great an extent as previous crop.

The ability to influence the timing and amount of plant N uptake may influence
protein composition. Gliadin and glutenin have dramatically different effects on wheat
end-use quality (Gupta et al. 1992; Hamada et al. 1982; MacRitchie 1992; MacRitchie et
al. 1991; Schofield 1986; Shewry et al. 1986; Wall 1979). Interestingly, gliadin and
glutenin also accumulate in the kernel in a highly ordered, asynchronous manner
(Jamieson et al. 2001; Stone and Savin 1999). Gliadin is rapidly synthesized in the early
stages of the filling period, while glutenin is not synthesized in considerable quantity
until the mid-filling period and glutenin polymerization occurs very late during kernel
development. Many studies have demonstrated that N fertilization alters bread wheat
quality by directly influencing the rate and duration of N accumulation in the kernel,
and/or altering protein composition (Pechanek et al. 1997; Peltonen and Virtanen 1994;
Timms et al. 1981; Wieser and Seilmeier 1998; Wooding et al. 2000b; Triboi et al. 2000;
Zhu et al. 1999). Given the asynchronous nature of the accumulation of individual
protein fractions in the grain, it is plausible that modifying the pattern of N accumulation

in the kernel has the potential to alter protein composition. The objective of this study
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was to determine whether altering N accumulation pattern at similar protein content had

an effect on dough rheological properties, flour water absorption, and loaf volume.

4.3 Materials and Methods

The cultural practices of Experiments 1 and 2 were described in detail in a
previous paper (Chapter 3 and Appendix I, respectively). In Experiment 1, field pea
(Pisum sativum L. cv. Grande) and flax (Linum usitatissimum cv. Norlin) were
established at the Carman Research Station in 1999 and 2000 (prior to the wheat at
Carman-00 and Carman-01, respectively), as well as at the Brandon Research Centre in
2000 (prior to the wheat at Brandon-01) in four replicates arranged in a randomized
complete block design. In the re-crop phase of the study, spring wheat (cv. AC Barrie)
was sown across each main plot. Five N fertilizer treatments were randomly arranged as
sub-plots in each main plot as part of a split plot design, namely a control (0 kg N ha™)
and 30 kg N ha™ and 90 kg N ha! as either commercial grade ammonium nitrate (AN) or
controlled-release urea (CRU).

In Experiment 2, field pea (cv. Alfetta) and durum wheat (Triticum durum Desf.
cv. Kyle) were established in 1999 and 2000 at the Semiarid Prairie Agricultural
Research Centre (prior to the wheat at Swift Current-00 and Swift Current-01,
respectively) in three replicates arranged in a strip block design. Field pea plots received
sulphur (S) fertilizer at the same rate as phosphorus application, which was based on soil
test recommendations. In the re-crop phase of the study, N fertilizer treatments were
randomly arranged in each block and consisted of three rates of N applied as commercial

grade urea based on soil test recommendations for dry, average, and wet growing seasons
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(34, 50, and 78 kg N ha’', respectively). Blocks were subsequently sown with spring

wheat (cv. AC Barrie).

4.3.1 Grain Analysis

Grain was harvested using a small plot combine and was allowed to dry.
Dockage was removed using a Clipper air-screen cleaner (Blount/Ferrell-Ross, Bluffton,
IN); grain was subsequently aspirated to remove light, shriveled, and broken kernels as
well as any remaining foreign material. Grain yield was determined on clean samples
and adjusted to 14% moisture basis. Sub-samples from each plot were ground with a
Wiley mill to pass through a 2 mm sieve and analyzed for total N and S by combustion
analysis (LECO Corporation, St. Joseph, MI). Grain grade (including percentage FDK)
was determined based on Canadian Grain Commission (CGC) standards. Thousand
kernel weight was calculated by multiplying the weight of 200 kernels*5 and adjusting
the result to 13.5% moisture basis (CGC 1992). Deoxynivalenol concentration (DON)

was determined based on the method of Sinha and Savard (1996).

4.3.2 Milling

Grain samples (1 kg) were tempered for 24 hr to 16.5% moisture content and
milled to straight grade flour of approximately 14% moisture basis using a Buhler
experimental mill. Flour yield (FY) was calculated as (amount of flour recovered from
the mill/amount of grain milled)*100. Flour N and S content, flour protein content (FPC,
expressed as %N*5.7), and DON concentration were determined. Flour N:S ratio was

calculated based on N and S concentrations as determined by combustion.
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4.3.3 Mixograph
Dough was prepared and mixing behaviour was evaluated using a 10 g
computerized Mixograph (National Manufacturing, Lincoln, NE). Dough was mixed at
constant absorption (62% disfilled water) at 25°C for 8 min and monitored for dough
development and breakdown. The test was performed in duplicaté and data were
acquired using Mixsmart software version 3.8 (Walker and Walker 1995). The following
parameters were measured: mixing time to peak development (MDT), work input to
MDT (WIP), bandwidth at MDT (PBW), dough resistance at MDT (PDR), dough
breakdown resistance (BR), and strength index (SI). Please see Appendix J. 2. for a

detailed description of the Mixograph method.

4.3.4 Micro-extension Test

Dough extensibility was evaluated according to the method of Smewing (1995)
using a TA.XT2i texture analyzer fitted with a Kieffer rig (Texture Technologies, Inc.,
Scarsdale, NY; Stable Microsystems, SMS, Surrey, UK). Dough was prepared with salt
using the Mixograph, formed into strips using a Teflon block apparatus, and allowed to
rest prior to evaluation of extensibility. The test was done in duplicate (and triplicate if
necessary) using 4-6 dough strips per replicate. The parameters measured were
maximum dough resistance (Rmax), dough extensibility at Rmax, extensigram area
(E Area), and dough extensibility at rupture (E). The dough visco-elastic ratio was
calculated as Rmax/E. Please see Appendix J. 3. for a detailed description of the

micro-extension test.
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4.3.5 Farinograph Absorption and Baking

Optimal flour water absorption (FAB) was determined with a Brabender
Farinograph (Brabender Instruments, Inc., South Hackensack, NJ) using Approved
Method 54-21 (AACC 2000). Baking was performed in duplicate using the Canadian
Short Process procedure (Preston et al. 1982) based on 100 g of flour. This test is
performed under conditions of high-speed mixing and short fermentation and is typical of
the baking formulation and methods employed by many Canadian commercial bakeries
(CGC 1992). Loaf volume (LV) was determined using a rapeseed displacement
apparatus. Please see Appendix J. 4. for a detailed description of the Canadian Short

Process baking procedure.

4.3.6 Statistical Analysis

Analysis of variance (ANOVA), correlation, and regression analysis was carried
out using procedures of the SAS Institute, Inc. (2001). Experiment 1 was analyzed by
ANOVA as a factorial experiment arranged in a randomized complete block design,
while Experiment 2 was analyzed as a completely randomized design. Non-orthogonal,
single degree of freedom contrasts were used to test the effects of fertilizer N source, N
rate, and previous crop and N rate interaction, depending on experimental design. Effects
were considered significant at P < 0.05.

Bartlett’s test was used to evaluate homogeneity of variance among site years
prior to correlation and regression analysis (Steel et al. 1997). Pearson correlation
coefficients were determined for a pooled dataset (n = 110) restricted to a common range

of FPC of the two previous crop types (field pea or flax/durum). Coefficients of
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determination (+°) were determined for the restricted dataset (based on n = 57 for wheat
grown on field pea stubble and n = 53 for wheat grown on flax/durum stubble) and were
coqsidered significant at P < 0.05. The Proc GLM procedure was used to evaluate linear
relationships (no quadratic relationships were observed) between selected quality
attributes and FPC. Previous crop was considered to have a significant effect on a given
end-use quality parameter where the probability value of the interaction term (previous
crop*FPC) of Type III sums of squares was less than 0.05. Type III sums of squares
allows multiple regression lines to have different slopes and intercepts (G. H. Crow,
personal communication). The interaction between fertilizer N source and selected
quality attributes was also evaluated in a similar manner. Data from the Carman-00 and
Brandon-00 sites were pooled, and samples that fell out of the common range of FPC of
AN and CRU were excluded from further analysis (» = 31 for both AN and CRU).
Fertilizer N source was considered to have a significant effect on a given end-use quality
parameter where the probability value of the interaction term (N source*FPC) of Type III

sums of squares was less than 0.05.

4.4 Results and Discussion

Conditions overall were favorable for growth and development for all site years
except Swift Current-01, where a lack of precipitation during the growing season (Table
4.1), coupled with poor soil moisture reserves prior to planting, resulted in low grain
yields and restricted N uptake (Appendix D and Appendix G). Urea granules were found

stranded in dry soil until anthesis, indicating a lack of fertilizer N availability. Heavy
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rainfall events and high soil N fertility at the Manitoba sites caused lodging problems,

pafticularly at Carman, where growth was especially lush (Chapter 3).

Site
Swift Swift
Carman-00 Current-00 Carman-01 Brandon-01 Current-01

May
Precipitation (mm) 55(53) 65 (46) 53.0 70 (48) 23.0
Average Air Temperature (°C)  11.5(11.9) 10.9 (10.8) 12.8 12,7 (11.0) 12.2
June
Precipitation (mm) 94 (73) 54 (67) 41.0 168 (67) 32.0
Average Air Temperature (°C)  14.6 (17.4) 13.8 (15.6) 16.2 15.2 (16.2) 15.0
July
Precipitation (mm) 47 (69) 127 (49) 193.0 31(72) 63.0
Average Air Temperature (°C) 19 (20.1) 19.1 (18.3) 19.8 19.0 (18.7) 19.7
August
Precipitation (mm) 86 (66) 13 (38) 22.0 53 (69) 3.0
Average Air Temperature (°C)  18.7 (18.7) 18.5 (17.6) 19.5 18.9(17.5) 20.9

* Data in parentheses are 1961-1990 climatic averages (Environment Canada Climate Center, Winnipeg, MB)
Table 4.1. Meteorological data for the experimental sites.?

While wheat samples from Swift Current-00 and Swift Current-01 all graded
No. 1 CWRS (Table 4.2), green kernels were noticeable in some Swift Current-01
samples. Samples were hand picked prior to milling to remove noticeably green kernels
from all samples. The green kernels present in samples from the Swift Current-01 site
are likely a product of kernel physiological immaturity (Preston et al. 1991), and as such
likely have elevated levels of starch damage. The majority of the samples from the
Carman-00 and Brandon-01 sites graded No. 2 or No. 3 CWRS due to Fusarium head
blight damage. Samples from the Carman-01 site graded No. 1 or No. 2 CWRS for the
most part and were downgraded for the same reason. While Fusarium damage can result
in adverse effects on milling and end-use quality (Dexter and Nowicki 2001), samples

that had graded lower than No. 2 CWRS were also included in subsequent analysis as it
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Parameter”

Carman-00

Swift Current-00 Carman-01 Brandon-01 Swift Current-01
Mean SD Mean SD Mean SD Mean SD Mean SD
Grade? 2.58 0.50 1.00 0.00 1.88 0.40 2.59 0.50 1.23 0.00
TWT 30.8 1.5 314 4.0 30.6 1.5 34.8 1.6 30.8 1.1
TKWT 74.9 13 n.d.*S n.d. 74.9 1.3 79.4 0.6 79.3 0.5
DON 0.36 0.07 n.d. n.d. 0.32 0.11 0.96 0.17 n.d. n.d.
FDK 1.23 0.38 0.01 0.03 0.59 0.28 1.18 0.43 0.02 0.02
FPC 14.6 1.3 11.6 1.5 16.4 04 14.3 1.2 15.1 1.3
Flour N:S Ratio 17.5 0.4 16.8 0.9 194 0.3 17.6 0.5 17.1 0.8
MDT 3.41 0.42 4.00 0.81 347 0.26 3.21 0.39 2.76 0.32
PDR 55.2 4.6 45.6 6.5 58.6 2.2 52.6 3.8 53.6 2.5
WIpP 136.9 9.3 136.5 12.5 148.6 8.8 125.5 9.9 109.8 10.1
PBW 34.0 2.0 26.1 34 36.0 1.6 33.0 2.2 254 14
BR 6.01 1.06 4.84 1.61 5.20 0.74 5.62 1.46 9.27 1.20
SI 115.5 13.0 102.2 11.2 124.8 11.0 106.2 14.6 70.2 8.6
Rmax 342 2.8 28.8 2.3 36.4 1.9 32.8 3.7 253 2.7
E at Rmax 89.1 8.8 274 3.5 30.1 1.3 27.6 24 95.0 7.0
E Area 595 64 474 57 628 40 533 53 477 52
E 95.6 9.1 90.4 9.9 98.3 5.4 90.5 8.0 103.3 7.3
Rmax/E 0.39 0.05 0.36 0.06 0.40 0.03 0.40 0.07 0.27 0.04
FAB 63.3 1.6 60.7 1.5 62.0 0.7 62.1 2.2 62.2 14
Lv 1188 60 969 77 1199 42 1148 58 1271 70

STWT = test weight, TKWT = thousand kernel weight, DON = deoxynivalenol concentration, FDK = % Fusarium-

kernels, FPC = flour protein content, MDT = dough development time, PDR = peak dough resistance,

WIP = work input-to-peak, PBW = peak bandwidth, BR = breakdown resistance, SI = strength index. Rmax = maximum
dough resistance to extension, E at Rmax = extensibility at Rmax, E Area = extensigram area, E = extensibility at dough
rupture, Rmax/E = visco-elastic ratio, FAB = Farinograph water absorption, LV = loaf volume.

® Where #1ICWRS = 1, #2 CWRS = 2, #3 CWRS = 3, CW Feed = 4.

¢ Data were not collected.

Table 4.3. Selected quality attributes of the experimental sites.*®*

damaged

14!
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did not compromise the main objectives of the study. Furthermore, average thousand
kernel weight was well within the average range of 28 to 33 g for CWRS wheat (CGC
1992) at all sites. Given the variability in growing conditions and soil fertility among the
sites, grain sulphur status was also measﬁred, since flour with a ratio of N to S in excess
of 17 to 1 produces dough that is stronger and less extensible (Moss et al. 1981).
However, the average N:S ratio was relatively consistent across all site years (16.4-17.6),

and was therefore not considered an issue within the objectives of this study.

4.4.1 Effect of Agronomic Practices on Flour Protein Content

Previous crop had a strong effect on FPC at two of the three Manitoba sites
(Table 4.3). The nature of and the rationale for the effect of previous crop and fertilizer
N source on grain PC was reported previously (Chapter 3). Results for the effect of
previous crop on FPC at the Manitoba sites are reported in Table 4.4. Differences in FPC
as a result of previous crop occurred as a result of higher nitrate nitrogen (NO;-N) levels
at planting for field pea stubble compared to flax/durum stubble (Table 4.4). The higher
NO;3-N levels on field pea stubble were due to the conservation of soil N by field pea as a
result of atmospheric N fixation, as well as N mineralization during the period following
harvesting field pea harvest. Wheat grown with AN exhibited enhanced pre-anthesis N
uptake at Carman-00 and Brandon-01, while post-anthesis N uptake of CRU plots at

Brandon-01 exceeded N uptake of AN plots at Brandon-01 alone (Chapter 3).



126

Treatment Flour Protein Content (%)
, N Applied
Previous Crop A Carman-00 Carman-01 Brandon-01
(kgha™)
Flax 0 12.6 16.3 13.5
Flax 30AN? 13.6 16.2 13.1
Flax 30CRU" 13.1 16.2 13.1
Flax 90AN 15.0 16.6 14.6
Flax S0CRU 14.8 16.6 153
Field Pea 0 14.6 16.1 13.5
Field Pea 30AN 154 16.6 14.1
Field Pea 30CRU 15.1 16.4 14.1
Field Pea 90AN 15.9 16.5 16.1
Field Pea 90CRU 16.2 16.8 16.0
ANOVA Pr>F
Previous Crop (P) 0.0369 0.55 0.13
N Applied (kg ha™) ™) <0.0001 0.11 <0.0001
P*N 0.15 0.61 0.0895
Contrast
AN versus CRU 0.33 0.82 0.42
ONvs30N 0.0058 0.38 0.67
30Nvs90 N <0.0001 0.0539 <0.0001
Peavs Flax at O N 0.0004 0.58 0.85
PeavsFlax at 30 N <0.0001 0.17 0.0036
Pea vs Flax at 90 N 0.0032 0.94 0.0026
CV (%) 3.6 2.4 3.5

* Ammonium nitrate fertilizer.

b Controlled-release urea fertilizer.

Table 4.3. Flour protein content (14% moisture basis) at the Manitoba experimental sites
as affected by previous crop and fertilizer N treatment.
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Site
Swift Swift
Parameter Carman-00 Current-00 Carman-01 Brandon-01 Current-01
Seeding Date 14-May 17-May 16-May 17-May 8-May
50% Anthesis Date 13-Jul e 10-Jul 13-Jul 17-Jul
Harvest Date 24-Aug 12-Sep 16-Aug 24-Aug 22-Aug
Soil Name Denham Haverhill Denham Newdale Haverhill
Soil Classificati Orthic Black Orthic Brown Orthic Black Orthic Black Orthic Brown
ot assiiication Chermnozem Chernozem Chernozem Chernozem Chernozem
Soil Texture sandy loam loam sandy loam loam loam
Soil NO4-N to 120 cm (kg ha™)?
Field Pea Stubble 120 e 134a 81a 30a
Flax/Durum Stubble (351 T — 150a 50b 26a

*Means followed by a different letter within each site are significantly different (P < 0.05) based on LSD test.
Table 4.4. Agronomic information for the experimental sites.?

At Swift Current, wheat grown on field pea stubble (P-W) had significantly
higher FPC compared to wheat grown on durum stubble in 2000 and 2001 (Table 4.5).
There was also a strong interaction between fertilizer N rate and previous crop in 2001.
P-W had significantly higher FPC at N rates of 34 and 50 kg N ha™', while previous crop
had no effect on FPC at a rate of 78 kg N ha™’. Although no detailed agronomic data was
collected at Swift Current in 2000, the FPC data suggest higher N supply on field pea
stubble was responsible for the previous crop effect. Given significantly above average
grain yields in 2000, along with typically much lower average soil N fertility relative to
the Manitoba sites, the low FPC values recorded on durum stubble are not surprising.

As for Swift Current-01, soil NO3-N levels at planting cannot be used to explain
the higher FPC for wheat grown on field pea stubble (Appendix E). Interestingly, soil
NOs-N to a depth of 110 cm was significantly higher for pea stubble at anthesis rather

than at planting. Enhanced N availability at anthesis on field stubble compared to durum
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stubble suggests the potential for enhanced post-anthesis N uptake for wheat grown on
field pea stubble. However, given the dry conditions at the site, no such effect was
observed. Fertilizer N rate had a strong effect on FPC at Swift Current-00, while

fertilizer N rate did not have a significant effect on FPC at Swift Current-01.

Treatment Flour Protein Content (%)
Previous Crop |+ PPHed 2000 2001
(kgha™)
Durum 34 9.6 13.7
Durum 50 10.8 13.9
Durum 78 12.1 15.8
Field Pea 34 11.2 15.6
Field Pea 50 12.3 16.2
Field Pea 78 13.9 15.2
ANOVA Pr>F
Previous Crop (P) 0.0006 0.0182
N Applied (kg ha™') (N) 0.0003 0.30
P*N 0.95 0.0328
Contrast
34 Nvs 50N 0.88 0.69
S0Nvs 78 N 0.75 0.0159
Pea vs Durum at 34 N 0.0214 0.027
Pea vs Durum at 50 N 0.032 0.0093
Pea vs Durum at 78 N 0.0137 0.40
CV (%) 6.6 6.1

Table 4.5. Flour protein content (14% moisture basis) at the Swift Current experimental
sites as affected by previous crop and fertilizer N rate.
4.4.2 Relationships between Quality Attributes
Given the strong effect of previous crop on FPC, it was not possible to evaluate
previous crop effects across a similar range of FPC for individual site years. Therefore,
data were pooled from four of five site years. The Carman-01 dataset, where all FPC

values were high, was excluded as per the results of Bartlett’s test of homogeneity of
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variance in order to reduce heterogeneity of variance among site years. The relationship
between FPC, dough strength, and baking quality (Table 4.6) is generally consistent with
previous reports (Lukow and Preston 1998; Wooding et al. 2000b; Zhu and Khan 2001).
FPC was strongly (» > 0.80) (and positively) correlated with PDR, FAB, and LV,
suggesting these parameters were influenced less by factors other than FPC. FAB is
consistently reported to be strongly and positively related to FPC (Finney 1945;
Kosmolak and Crowle 1980; Tipples et al. 1994).

The strong relationship between FPC and LV is well-established (Bushuk et al.
1969; Finney and Barmore 1948) and should be expected to be particularly strong when
utilizing the CSP bake test. Short fermentation times and a rich formula (particularly the
use of shortening) tend to mask some of the environmental or treatment effects that might
be more pronounced with a bake test that does not employ optimized dough mix times
(H. D. Sapirstein, personal communication). FPC was moderately (0.4 < » < 0.8) and
negatively correlated with MDT, and positively correlated with dough extensibility and E
area.” Weak correlations were observed between FPC and WIP, SI, and Rmax/E.

Mixograph parameters were generally moderately correlated with one another.
MDT was negatively correlated to PDR, indicating that at constant absorption and
increasing FPC, MDT decreases as PDR increases. MDT would also be expected to
decrease given the strong inverse relationship observed between FAB and MDT. MDT
was also negatively correlated with BR, and strongly correlated with WIP and SI. As
PBW was poorly correlated with FPC, so too was PBW generally poorly correlated with

other Mixograph parameters except for WIP.



Flour Properties Mixograph Micro-extension Baking
Flour PC_ Flour S Flour N:S MDT PDR WIP PBW BR SI Rmax EatRmax E Area E at Rupture Rmax/E FAB Lv
Flour Properties
Flour PC -
Flour S 0.93%** —mm
Flour N:S 0.56%++ (23" -—--
Mixograph
MDT -0.73%k% 0, 76%** _0,24"
PDR 0.91%%% (. 84%%k () 52%k% () g4k .
WIP -0.36%F  .0.44%+ 0.02° 0.85%** .0,18™ -
PBW 017" 0.03™  036%  0.16%  028* 0.42%%* —nne
BR 0.66%** 0.72%%% (15" 0670k (.55%k% () §3kex () 4Rk e
SI -0.38%+k .0 48%x (07 0.79%%% 027  0.84%kx (0 73kkk () 73kkk e
Micro-extension
Rmax 0.06™  -0.10"  0.36%F% 32%%  0.16%  (.53%kk () 73%kx ~0.48%%* 0 66%*H* -en-
E at Rmax 0.63%%*  0.66%+* (.17 _058%kx (.63%kk _(3TRek 015" ( g5k -0.49%%k (3] %% -
E Area 0.41%%* (28%* 0.44%%% 0,00 0.52%0% (32%% Q2% L0107 (.37H*% 0.83%»k  (26%* -
E 0.59%%%  0.64%+%  (.13%  .0.59%kk (57hkk G400k _02]% () geRE* -0.53%4%  0.38%k% () 98%xk (18" e
Rmax/E -0.20%  041%kx (.16% 0.53%*% .0.23ns  (.56%**  (.5706F _Q5%0k () TPrek () g5kkk () TGk 0.43%%% _(, 7R%** -—-
Baking
FAB 0.76%F% 0.66%+* (.55%kk 0 60%F (.83%kk .026% 0227 (40 -0.28* 0.12%  0.50%+%  (.43%k% Q5]kkx  _(022% .
Lv 0.83%%%  0.83%k*  (.33%k . 68%F () 72%kk 0 4D%kx 001D () 6R*x 04450 0.09% 06800k 0217 47k 3]%* (.55%%k -

3 ps, *, Bk kEE ot significant. significant at P <0.01, 0.001, and 0.0001, respectively.

Table 4. 6. Coefficients of correlation () for selected quality attributes for the pooled dataset (n = 1 10).2

0¢t
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Although comparison of data from the micro-extension test and the standard
Extensigraph is complicated by factors such as differences in dough mass, dough
geometry (ratio of cross-section to length of dough stretched), and hook speed (Suchy et
al. 2000), the output generated by each apparatus is comparable (Smewing 1995). Micro-
extension test parameters were moderately correlated with one another. Rmax was
strongly and positively correlated with E area as well as Rmax/E, while E was poorly
correlated to E area. As expected, Rmax was inversely related to E, although the
relationship was weak; Rmax is a measurement of dough strength while E is
representative of dough viscosity and extensibility.

Mixograph and micro-extension test parameters were moderately correlated.
MDT, WIP, and SI were negatively correlated with dough‘ extensibility and positively
correlated with Rmax, reflecting the fact that thé Mixograph parameters and Rmax are
indicative of dough strength (Uthayakumuran et al. 2000; Wooding et al. 2000b). LV
was positively and moderately correlated with BR, PDR, E, and FAB, and negatively
correlated with MDT, WIP, and SI. The relationship between FAB and dough
theological measurements followed the same pattern, given the strong relationship

between FPC and FAB.

4.4.3 Effect of Previous Crop and Fertilizer Nitrogen Source on End-Use Quality
Across a Similar Range of Flour Protein Content

Results of analysis on the restricted dataset suggested that besides its effect on
protein concentration, previous crop had an effect on end-use quality in some instances

(Table 4.7). With respect to Mixograph parameters, previous crop had a significant effect
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on MDT and WIP and also appeared to affect SI (Figure 4.1). Below a FPC of 14%,

wheat grown on flax/durum stubble had higher MDT compared to wheat grown on field
pea stubble; regression lines converged at FPC greater than 15%. Despite a strong
relationship between FPC and Mixograph parameters WIP and SI, coefficients of
determination were low relative to the relationship between FPC and MDT. Wheat
grown on flax/durum stubble tended to have higher WIP and SI compared to P-W
(Figures 4.2 and 4.3, respectively); regression lines converged at FPC greater than 15%.
The lack of a treatment effect at FPC greater than 15% is in agreement with the
observations of other researchers that at higher FPC, dough mixing quality decreases as a
result of the weakening effects of an increased ratio of gliadin to glutenin (Janssen et al.
1991; Timms et al. 1981; Uthayakumuran et al. 1999; Uthayakumuran et al. 2000).
However, protein composition analysis is required to further validate this hypothesis.

The results of the regression analysis are consistent with correlation analysis that
demonstrated these three Mixograph parameters were positively and moderately
correlated with one another, as well as the observation that all three parameters are
measurements of dough strength. The poor coefficients of determination reflect the
strong influence of site year on WIP and SI as compared to MDT.

Analysis of the micro-extension test did not yield any significant interaction
between previous crop and FPC, although P-W produced dough that was more extensible
at FPC less than 14% (Figure 4.4). This result is consistent with the Mixograph
observations, since dough extensibility was inversely related to MDT. Not surprisingly,
given the results of the correlation analysis, there was also no significant interaction

between previous crop and FPC for either FAB or LV (Figure 4.5 and 4.6, respectively).
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Pooled Dataset Pooled Dataset
excl. Swift Current-01
Parameter FPC Prev. Crop*FPC FPC Prev. Crop*FPC
&) (Pr>F) H (Pr>F)

MDT 0.53 %%+ 0.0009*** 0.62%+%* 0.0004 ***

PDR 0.82%%** 0.34™ 0.89%xx% 0.46™

WIP 0.13*** 0.0145* 0.25%*% 0.0017**

PBW 0.03"™ 0.94™ 0.32 %% 0.53"

BR 0.43%#** 0.48"™ 0.53 % 0.0655™

SI 0.14x%%%* 0.0889™ 0.29%%%* 0.0531™

Rmax 0.00™ 0.68"™ 0.14*x* 0.63™

E at Rmax 0.4Q%*x* 0.12"™ 0.41%%%% 0.17%

E Area 0.17%%+% 0.86™ 0.38%%** 0.91™

E 0.35%%** 0.16™ 0.35%%%% 0.18™

Rmax/E 0.08** 0.29" . 0.08%* 0.28™

FAB 0.57%¥+% 0.72" 0.65%%*+* 0.56"™

LV 0.68**** 0.62" 0.72%%%% 0.62"

g, ¥, Wk kEE kkkk pop significant, significant at P<0.05, 0.01, 0.001,

and 0.0001, respectively.

Table 4.7. Coefficients of determination (+?) of the pooled dataset for flour protein
content (FPC) and selected quality attributes, as well as degree of significance for the
interaction between previous crop and FPC for the pooled dataset (» = 110) and the
pooled dataset excluding Swift Current-01 data (n = 92).2

At first glance these results appear to contradict the results of the analysis of the

Mixograph data. However, one must keep in mind that, as mentioned previously, the

CSP bake test utilizes a rich formula and is carried out under conditions of optimum

dough mixing and short fermentation. A bake test with a fixed dough mixing time, leaner

formula, and/or long fermentation period might yield different results. As such, the

influence of previous crop on baking properties such as LV would not be as of great a

concern in Canadian bakeries as compared to U.S. bakeries that utilize procedures very

different than the CSP bake test.
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Figure 4. 1. Effect of previous crop on Mixograph dough development time (A) and
work input-to-peak (B). Closed symbols represent flax/durum stubble while open
symbols represent pea stubble. Data are plotted for Carman-00 (), Swift
Current-00 (a)), Brandon-01 (e), and Swift Current-01 (o). The independent variable is
flour protein content. Data falling outside the common range of flour protein content
were excluded from analysis.?
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Figure 4. 2. Effect of previous crop on dough strength index (A) and dough extensibility
(B). Closed symbols represent flax/durum stubble while open symbols represent pea
stubble. Data are plotted for Carman-00 (), Swift-Current-00 (=), Brandon-01 (e),
and Swift Current-01 (4). The independent variable is flour protein content. Data
falling outside the common range of flour protein content were excluded from

analysis.”?
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Figure 4. 3. Effect of previous crop on Farinograph water absorption (A) and loaf
volume (B). Closed symbols represent flax/durum stubble while open symbols
represent pea stubble. Data are plotted for Carman-00 (¢ ), Swift-Current-00 (a),
Brandon-01 (e), and Swift Current-01 (a). The independent variable is flour protein
content. Data falling outside the common range of flour protein content were excluded
from analysis.”
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One possible explanation for the contrasting effects of previous crop on dough
strength may be attributable to the pattern of protein accumulation in the kernel.
However, no other research has been published in this area of study other than to say
leg'umes in rotation increase FPC as a result of enhanced soil N supply (Branlard et al.
1985). From studies of protein synthesis during kernel development, we know that the
rate of glutenin synthesis exceeds the rate of gliadin synthesis 21 to 28 days after anthesis
(DAA) ((Gupta et al. 1996; Panozzo et al. 2001). From that point onwards, there is a
substantial decrease in the gliadin to glutenin ratio (Triboi et al. 1990). Synthesis of
relatively large glutenin molecules occurs only in the late stages of kernel development
(Daniel and Triboi 2002; Gupta et al. 1996; Stone and Nicolas 1996a; Zhu and Khan
1999); Stone and Nicolas (1996a) detected small polymer until 25 DAA, at which point
synthesis of large polymer was initiated.

When plant N uptake after anthesis as a proportion of total plant N uptake is high,
less N is present in the plant at anthesis. N accumulation in the kernel is therefore more
dependent on post-anthesis N accumulation. If N accumulation is delayed until later in
the filling period, it is reasonable to suggest that N taken up by the plant might be more
effectively channeled into glutenin synthesis rather than gliadin synthesis, since glutenin
increases markedly in the second half of the filling period relative to gliadin.

Given two flour samples with similar FPC but different N accumulation patterns,
one might expect increased dough strength and decreased extensibility from the flour
sample from wheat that exhibited delayed N accumulation. Based on the theory
presented above, wheat grown on field pea stubble would be expected to yield weaker,

more extensible dough. The N uptake pattern of wheat grown on field pea stubble can be
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described as “front-loaded.” A lower proportion of total N uptake occurs after anthesis,
meaning in theory there is a higher proportion of N available during synthesis of gliadin.
The N uptake pattern of wheat grown on flax stubble is more balanced, and a higher
proportion of the N is taken up after anthesis. Therefore, a lower proportion of N would
be‘ channeled into the earlier part of protein synthesis, and would be more available
during the later stages of kernel development, namely glutenin synthesis. As a result,
wheat grown on flax stubble would be expected to have stronger, less extensible dough.
This study suggests that this theory has merit. However, differences in N accumulation
pattern attributable to previous crop were insufficient to yield definitive answers (Chapter
3; Appendix D). The hypothesis presented in this paper will be evaluated further in a
subsequent research paper by evaluating flour protein composition using an extraction
procedure based on the differential solubility of flour protein fractions in 50% 1-propanol
(Chapter 5).

The implication of the previous crop*FPC interactions reported in this paper is
that besides altering FPC by influencing soil N supply, altering the pattern of wheat N
uptake as a result of different agronomic practices has the potential to result in different
end-use quality characteristics among two flour samples having the same FPC, thereby
reducing consistency. While the interaction between previous crop and FPC was
significant in a number of instances, the overall impact on quality consistency is limited.
Since wheat is binned according to grade and grain PC at primary grain elevators, wheat
samples from multiple producers are blended together, resulting in reduced homogeneity.

An observation of particular interest regarding quality consistency is that when

Swift Current-01 data were excluded from regression analysis, the strength of the
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relationship between FPC and most of the parameters evaluated increased, sometimes
considerably (Table 4.7). For example, the 7 for the relationship between FPC and PBW
increased from 0.02 (P < 0.0753) to 0.26 (P < 0.0001), while the #* for the relationship
between FPC and E area increased from 0.17 to 0.38 (both P < 0.0001). There was also a
substantial increase in the interactive effect for BR when the Swift Current-01 samples
were eliminated from the dataset, but it was still not significant. Swift Current-01
samples were stickier and more extensible than samples from the Manitoba sites, despite
the fact that all sites had a similar range of FPC and all Swift Current-01 samples graded
as No. 1 CWRS. Swift Current-01 samples took longer to reach peak dough development
time, had reduced PBW, and broke down more rapidly after MDT was reached. The
FAB of Swift Current-01 samples was generally 1-2% lower than the FAB of comparable
Carman-00 samples. Interestingly, despite poor dough mixing properties and lower FAB
than comparable samples from Carman-01, loaf volume of Swift Current-01 samples was
noticeably higher than comparable Carman-01 samples. This observation reinforces the
idea that the rich formula, optimum dough mixing, and short fermentation time of the
CSP bake test tend to compensate for sub-par dough strength properties.

The Mixograph and micro-extension test results of the Swift Current-01 dataset
are in agreement with other studies that have demonstrated the adverse effect of drought
stress during the grain filling period on dough strength (Panozzo et al. 2001; Stone and
Nicolas 1996b). By effectively reducing the duration of the filling period, the extent of
glutenin polymerization is reduced, thereby decreasing dough strength and increasing
extensibility. However, given the observation that Swift Current-01 kernels had visibly

green kernels, elevated levels of starch damage or amylase may be responsible for the
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weak dough properties of the samples (Preston et al. 1991). The extraction method
mentioned previously will help to determine whether altered protein composition of the
Swift Current-01 samples is responsible for the poor dough mixing properties. Compared
to the effect of previous crop, and whether it is starch of protein effects that are
responsible for the site year effects observed, it is clearly much more difficult to
eliminate the effects of environment on quality at a given delivery point by blending,
since conditions such as drought stress would most certainly be prevalent throughout
most of the area surrounding the high throughput elevator. As the importance of “direct-
hit” shipments (Preston et al. 2002) by rail increases, the consistency of shipments among
HTPs will become a much greater concern, particularly given western Canada’s
reputation for quality consistency.

Based on the results of the analysis of previous crop effects on end-use quality,
one might expect that at the Brandon-01 site, wheat grown with CRU might be similar in
its effect to flax/durum stubble on end-use quality. However, there was no consistent
effect of N source on end-use quality (Table 4.8). The sixteen samples generated per N
source at the two Manitoba sites may be an insufficient number of samples to provide a
dataset robust enough to test the hypothesis. Furthermore, exclusive selection of
N-deficient sites would improve the precision of evaluation of fertilizer N source on N

accumulation pattern and end-use quality.



FPC Prev. Crop*FPC

Parameter (r 2) Pr>F
MDT 0.39%%%* 0.93"
PDR 0.86%¥** 0.25™
WIP 0.03™ 0.95™
PBW 0.02% 0.90™
BR 0.05™ 0.92™
SI 0.3Q%%k* 097"
Rmax 0.01™ 0.87™
E at Rmax 0.10% 0.80™
E Area 0.19%** 0.57™
E 0.47%%** 0.11%
Rmax/E 0.17#* 0.69™
FAB 0.70%%%* 0.55™
LV 0.60FF** 0.31%
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“ns, ¥, ¥k kxk kxkr ot significant, significant at
P<0.05,0.01, 0.001, and 0.0001, respectively.

Table 4.8. Coefficients of determination (+%) for pooled data from the Carman-00 and
Brandon-01 sites for flour protein content (FPC) and selected quality attributes, as well
as degree of significance for the interaction between fertilizer N source and FPC.?

4.5 Conclusions

In a previous study (Chapter 3) we demonstrated previous crop and fertilizer N
source affected the quantity and timing of N uptake by CWRS wheat, and that wheat
grown on flax stubble tended to accumulate a higher percentage of N after anthesis
compared to wheat grown on field pea stubble. Based on the theory that the timing of
plant N uptake may influence protein composition, analysis was carried out to determine
whether end-use quality differed across a similar range of FPC as a result of previous
crop or fertilizer N source and could be attributed to differences in protein composition.

The main effect of field pea stubble was to increase soil N supply, resulting in

significantly higher FPC at three of five sites (Carman-00, Swift Current-00, and Swift
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Current-01), and higher FPC (P < 0.13) at an additional site (Brandon-01). The effect of

fertilizer N source was inconsistent.

Correlation analysis identified a number of strong relationships between FPC and
quality attributes as well as among quality attributes. Across a similar range of FPC,
samples of wheat grown on pea stubble resulted in dough with shorter MDT, lower WIP,
and a trend towards lower SI at FPC < 14% compared to samples of wheat grown on
flax/durum stubble. Previous crop had no significant effect on micro-extension test
parameters or FAB, although P-W tended to be more extensible at FPC < 14%.

The interaction between previous crop and FPC may, in theory, due to N
accumulation pattern and its effect on protein synthesis. Where wheat is more dependent
on post-anthesis N accumulation, N taken up by the plant might be more effectively
channeled into glutenin synthesis rather than gliadin synthesis, thereby resulting in less
extensible and stronger dough. Conversely, where a higher proportion of N is
accumulated prior to anthesis, there is a higher proportion of N available during synthesis
of gliadin, thereby favoring gliadin accumulation and reducing dough strength.

Exclusion of the Swift Current-01 dataset from the pooled regression analysis
dataset significantly improved the relationship between FPC and a number of quality
attributes. Swift Current-01 were visibly more extensible and stickier, took longer to
reach peak dough development time, had reduced PBW, and broke down more rapidly
after MDT was reached than samples with comparable FPC from other site years. The
adverse effect of drought stress during the'grain filling period on dough strength due to
reduced glutenin polymerization or some other alteration of protein composition may be

responsible for the poor dough mixing properties of the Swift Current-01 samples.
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Despite hand removal of green kernels from the samples, the weak dough properties may
be attributable to altered starch properties as a result drought stress and its effects on
physiological immaturity. Regardless of the reason, and unlike the effect of previous
crop, environmental conditions cannot be compensated for by blending at HTPs, stressing
the need for a better understanding of the effect of environment on protein quality. The
treatment and site year effects observed in this study will be evaluated in a subsequent
research paper using a protein extraction procedure based on the differential solubility of
flour protein fractions in 50% 1-propanol (Chapter 5).

The previous crop*FPC interactions observed for Mixograph MDT, WIP, and SI
did not translate into discernable differences in LV, nor did the weak dough properties of
Swift Current-01 samples result in reduced LV. The CSP bake test, which is similar to
the procedure used by most commercial Canadian bakeries, tends to mask differences in
dough strength due to its optimized dough mix time and short fermentation time.
However, utilizing a baking procedure with a longer fermentation time or fixed mixing
tifne might yield dramatically different results. This study reinforces that FPC is not the
only indicator of wheat breadmaking quality, challenging the notion that %N multiplied

by 5.7 is the only yardstick by which wheat protein is valued by end-users.
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5.0 THE EFFECT OF NITROGEN MANAGEMENT PRACTICES ON THE

PROTEIN COMPOSITION AND TECHNOLOGICAL QUALITY OF
CANADA WESTERN RED SPRING WHEAT

5.1 Abstract

A protein extraction method based on the differential solubility of flour protein in
50% 1-propanol was used to evaluate the protein composition of CWRS wheat in a series
of small plot experiments carried out at Carman, MB, Brandon, MB, and Swift Current,
SK. In the first phase of the rotation, field pea (Pisum sativum L.) and flax (Linum
usitatissimum 1.) were established at Manitoba sites; durum wheat (Triticum durum
Desf.) was substituted for flax at Swift Current. In the re-crop phase, spring wheat
(Triticum aestivum L. cv. AC Barrie) was planted. Fertilizer N was applied at three rates
(0, 30, and 90 kg N ha') and two N sources (ammonium nitrate and a
polyurethane-coated controlled-release urea called Duration™) at the Manitoba sites.
Urea was applied at Swift Current at three rates (34, 50, and 78 kg N ha™) based on soil
test recommendations for dry, average, and wet growing conditions, respectively. The
quantity of soluble protein (SP), insoluble glutenin (IG) and total insoluble protein (IP)
increased as flour protein content (FPC) increased. Overall, the proportion of each
fraction remained relatively stable as N supply and FPC increased, although
unexplainable differences in protein composition among site years were observed.
Correlation analysis revealed FPC was a poorer predictor of technological quality in
many instances than the protein fraction (expressed as total quantity or as a proportion of
FPC) or the ratio of SP to IG. IG and the SP:IG ratio were generally more strongly

correlated with measures of dough strength than SP, while the opposite was true of
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measures of dough viscosity. When the interaction among protein fractions was
evaluated, no significant interactions were observed. Protein composition could also not
be used to explain the significant differences in technological quality at the same FPC
observed among site years. A more sophisticated method of protein composition
evaluation such as size exclusion high performance liquid chromatography (SE-HPLC)
might provide better insight into the differences in technological quality observed at the
same FPC as influenced by previous crop. The balance of protein sub-fractions may be
responsible for the differences in end-use quality observed and attributed to previous

crop, and requires further analysis.

5.2 Introduction

Crop management practices such as N fertilization and crop rotation have a strong
influence on the protein content of bread wheat (Triticum aestivum L.). A number of
studies have evaluated the effect of N fertilization on protein composition (Johansson et
al. 2001; Pechanek et al. 1997; Triboi et al. 2000; Triboi and Triboi-Blondel 2001;
Wieser and Seilmeier 1998; Wooding et al. 2000b). As flour protein content (FPC)
increases, so too does the quantity of glutenin and gliadin. However, contrasting results
have been reported as to the effect of increasing protein content on the relative
proportions of individual protein fractions.

The effect of previous crop on protein content and wheat technological quality has
only been investigated to date with respect to its influence on total N supply. For
example, Branlard et al. (1985) demonstrated that wheat grown after lucerne (Medicago

sativa L.) accumulated a greater quantity of gliadin and glutenin compared to wheat
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grown after wheat. In a previous study (Chapter 3), we demonstrated that in addition to
altering total N supply, previous crop affected the N accumulation pattern of wheat.
Wheat grown after a non-legume accumulated a significantly higher proportion of total
plant N after anthesis compared to wheat grown after field pea (Pisum sativum L.).
Furthermore, across a similar range of FPC, previous crop had an effect on technological
quality as assessed with the Mixograph (Chapter 4). Wheat grown on field pea stubble
had shorter dough development time (MDT), lower work input-to-peak (WIP), a lower
dough strength index (SI), and tended to be more extensible compared to wheat grown on
flax/durum stubble.

The ability to influence the timing and amount of plant N uptake may influence
protein composition as well as PC. Gliadin and glutenin have dramatically different
effects on wheat end-use quality (Gupta et al. 1992; Hamada et al. 1982; MacRitchie
1992; Schofield 1986; Shewry et al. 1986; Wall 1979) and also accumulate in the kernel
in an asynchronous manner (Jamieson et al. 2001; Stone and Savin 1999). Gliadin is
rapidly synthesized in the early stages of the filling period, while glutenin is not
synthesized in considerable quantity until the mid-filling period and glutenin
polymerization occurs very late during kernel development. The main objective of this
study was to evaluate the effect of N fertilization on the protein composition of Canada
Western Red Spring (CWRS) wheat. Given results reported previously, a secondary
objective of this study was to determine whether differences in protein composition were
responsible for the differences in technological quality as a result of previous crop and

differences in growing season conditions among site years.



147

5.3 Materials and Methods

The cultural practices of Experiments 1 and 2 were described in greater detail in a
previous paper (Chapter 3 and Appendix I, respectively). In Experiment 1, field pea
(Pisum sativum L. cv. Grande) and flax (Linum usitatissimum L. cv. Norlin) were
established at the Carman Research Station in 1999 and 2000 (prior to wheat for
Carman-00 and Carman-01, respectively), as well as at the Brandon Research Centre in
2000 (prior to wheat for Brandon-01) in four replicates arranged in a randomized
complete block design. In the re-crop phase of the study, spring wheat (cv. AC Barrie)
was sown across each main plot at three rates of N (0, 30, and 90 kg N ha'l) as
commercial grade ammonium nitrate (34-0-0) or as a controlled-release urea product
called Duration™.

In Experiment 2, field pea (cv. Alfetta) and durum wheat (T¥iticum durum Desf.
cv. Kyle) were established in 1999 and 2000 at the Semiarid Prairie Agricultural
Research Centre (prior to wheat for Swift Current-00 and Swift Current-01, respectively)
in three replicates arranged in a strip block design. Field pea plots received sulphur S)
and phosphorus fertilizer based on soil test recommendations. In the re-crop phase of the
study, N fertilizer treatments were randomly arranged in each block and consisted of
three rates of N applied as commercial grade urea based on soil test recommendations for
dry, average, and wet growing seasons (34, 50, and 78 kg N ha™, respectively). Blocks

were subsequently sown with spring wheat (cv. AC Barrie).
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5.3.1 Quality Testing

Grain quality analyses were described in detail previously (Chapter 4 and
Appendix J). Protein composition was assessed in duplicate (and triplicate where
necessary) using the extraction procedure of Sapifstein and Johnson (2000). The
extraction procedure employed is based on the solubility of FPC subjected to various
concentrations of 50% 1-propanol. Given the high FPC of a number of samples, the
method was modified to utilize 50 mg of flour rather than 100 mg of flour. This
alteration resulted in an increase in extraction efficiency and a small increase in the
quantity of soluble protein and insoluble glutenin, as well as a reduction in the quantity of
residue protein.

Four protein fractions were measured in total. Soluble protein was composed of
monomeric protein (albumin, globulin, and gliadin) and soluble low molecular weight
(LMW) glutenin (SP), while insoluble glutenin (IG) was composed of high molecular
weight (HMW) glutenin. Residue protein (RP), which was determined by difference
(FPC-SP-IG), is comprised of HMW glutenin and non-gluten protein, of which the latter
constitutes a large proportion (Sapirstein and Fu 1998). Total insoluble protein (IP) was
also determined by difference (i.e. FPC-SP). The relative proportions of each of the four
fractions were calculated (percentage of FPC), as well as the ratios of SP to IG and SP to
IP. Please see Appendix J. 1. for a detailed description of the protein extraction method.

The extraction procedure employed does not allow for direct comparisons of
protein composition with other similar studies utilizing different extractants other than
1-propanol. Comparison of results among various protein composition studies is made

difficult by the fact that what one researcher considers gliadin may be considered
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glutenin by another, depending on the extraction procedure employed. A few studies
have been published on protein composition where 1-propanol is used as the extractant.
Sapirstein and Fu (1998), using 70% 1-propanol to precipitate the soluble glutenin of the
SP fraction, reported that soluble glutenin and IG fractions of the CWRS cultivar
Katepwa were 12.6% and 19.9% of FPC, respectively. Monomeric protein (gliadin and
albumin/globulin) and RP comprised 50.2% and 17.2% of FPC, respectively. Across a
diverse range of seven Canadian cultivars of diverse breadmaking quality, there was little
variation in the proportion of monomeric protein (48-52%) and residue protein (14-18%),
while there was considerable variation in the proportion of soluble glutenin (10-20%) and

insoluble glutenin (12-28%).

5.3.2 Statistical Analysis

Analysis of variance (ANOVA), correlation, and regression analysis was carried
out using procedures of the SAS Institute, Inc. (2001). Experiment 1 was analyzed as a
factorial experiment arranged in a randomized complete block design, while Experiment
2 was analyzed as a completely randomized design. Non-orthogonal, single degree of
freedom contrasts were used to test the effects of fertilizer N source, N rate and previous
crop*N rate combinations, depending on experimental design. Effects were considered
significant at P < 0.05.

Pearson correlation coefficients were determined for a pooled dataset (n = 110)
and restricted to the common range of FPC of the two previous crop types (field pea or
flax/durum). The Proc GLM procedure was used to evaluate linear relationships between

selected quality attributes and FPC, as well as between selected quality attributes and
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protein composition parameters. Previous crop was considered to have a significant
effect on a given end-use quality parameter where the probability value of the interaction
term (previous crop*protein composition) of Type III sums of squares was less than 0.05.
Type III sums of squares allows multiple regression lines to have different slopes and

intercepts (G. H. Crow, personal communication).

5.4 Results and Discussion
5.4.1 Effect of Agronomic Practices on the Quantity of Individual Protein Fractions

The effect of previous crop and fertilizer N treatment on FPC was reported
previously (Chapter 4). Increasing soil N supply, either as a result of previous crop
and/or N fertilization, resulted in an increase in the quantity of individual protein
fractions, particularly SP (Tables 5.1 to 5.5). N fertilization tended to exert a stronger
and more consistent influence on the quantity of each protein fraction relative to previous
crop. Previous crop appeared to have a greater effect on protein accumulation than N
fertilization at the Swift Current-01 site, most likely as a result of the effect of dry soil
conditions on N fertilizer availability. Swift Current-00 was by far the most responsive
to N fertilization, given its low soil N status prior to planting (reported in Chapter 4). At
the Carman-01 site, the soil N concentrations prior to planting were similarly high for
both types of previous crop, and as such, N fertilization exerted much less influence on
the accumulation of protein compared to the other four sites.

Growing wheat on field pea stubble (P-W) resulted in significantly higher
quantities of SP and IG compared to growing wheat on durum stubble at the Swift

Current-01 site alone; the quantity of IG was significantly higher for P-W compared to



Treatment Protein Quantity® Proportion of FPC Ratios
Previous N Applied SP IG RP IP %SP  %IG  %RP  %IP SPIG  SPiIP
Crop (kgha™)
Flax 9.33 3.12 137 4.48 675 225 10.0 325 3.00 2.11
Pea 1052 3.57 135 4.92 68.2 23.1 8.8 31.8 2.95 2.16
0 9.12 3.12 137 4.49 66.9 229 10.2 33.1 2.93 2.04
30AN 9.84 3.29 137 4.66 67.9 227 9.4 32.1 2.99 2.15
30CRU® 9.63 3.21 1.25 4.45 68.3 22.7 8.9 317 3.01 2.18
90AN 10.51 3.61 133 4.94 68.0 233 8.6 32.0 291 2.15
90CRU 10.54 347 1.48 4.96 68.0 22.4 9.6 32.0 3.04 2.16
ANOVA Pr>F
Previous Crop (P) 0.13 0.10 097  0.0645 0.75 0.44 0.66 0.75 0.42 0.80
N Applied (kg ha™) (N) <0.0001 <0.0001 092 0.12 0.85 0.28 0.88 0.85 0.0808  0.86
P*N 018 00844  0.79 0.77 0.65 0.48 0.62 0.65 0.54 0.65
Contrast
AN vs CRU 0.61 0073 093 0.50 0.84 0.14 0.82 0.84 0.05 0.86
ONvs30N 0005 00752 077 0.75 0.31 0.69 0.48 0.31 0.10 0.29
30N vs 90 N <0.0001 <0.0001 058  0.0274 0.92 0.67 0.97 0.92 0.52 0.90
Pea vs Flax at 0 N 0.0028 00014  0.32 0.53 0.16 00839  0.12 0.16 0.70 0.18
Pea vs Flax at 30 N 0.0015 00002 068  0.0099 0.91 0.30 0.86 0.91 0.15 0.92
Pea vs Flax at 90 N 0.0479 00315  0.86 0.17 0.92 0.72 0.87 0.92 0.64 0.98
CV (%) 46 49 36.8 10.0 40 3.7 353 41 34 12.7

* SP = soluble protein; IG = insoluble glutenin; RP = residue protein; IP = insoluble protein.

® Ammonium nitrate fertilizer.
¢ Controlled-release urea fertilizer.

Table 5.1. Effect of previous crop and N fertilizer treatment on protein composition at the Carman-00 site.*>°

I61



Treatment

Protein Quantity® Proportion of FPC Ratios
Previous N Applied sp 1G RP id %SP  %IG  %RP %P SPIG  SP:IP
Crop (kgha™)
Durum 7.28 2.28 1.25 3.53 67.3 21.0 11.7 32.7 3.20 2.07
Pea 8.34 2.50 1.62 4.12 66.9 20.1 13.0 33.1 3.34 2.03
34 6.88 2.09 1.43 3.52 66.2 202 13.7 33.8 3.28 1.96
50 7.78 235 1.42 3.77 67.4 20.4 12.2 32.6 3.30 2.08
78 8.78 2.73 1.46 4.19 67.7 21.1 11.2 32.3 3.22 2.11
ANOVA Pr>F
Previous Crop (P) 0.0008 0.0263 0.0921 0.0103 0.76 0.15 0.42 0.76 0.0944 0.67
N Applied (kg ha™) (N) 0.0001  0.0003 098  0.0462 0.51 0.51 0.47 0.51 0.64 0.49
P*N 0.94 0.98 0.99 0.98 0.99 0.99 0.98 0.99 0.99 0.98
Contrast
34 Nvs 50N 0.0092 0.0338 0.97 0.31 0.40 0.90 0.48 0.40 0.82 0.37
50Nvs 78N 0.0052 0.0049 0.86 0.11 0.78 0.98 0.60 0.78 0.37 0.83
Pea vs Durum at 34 N 0.0145 0.13 0.30 0.0909 0.55 0.74 0.33 0.55 0.36 0.93
Pea vs Durum at 50 N 0.028 0.18 0.27 0.0923 0.42 0.43 0.44 0.42 0.27 0.72
Pea vs Durum at 78 N 0.0366 0.20 0.36 0.14 0.94 0.27 0.19 0.94 0.32 0.77
CV (%) 6.5 7.9 29.7 10.8 3.5 6.6 27.7 7.2 4.7 104

% SP = soluble protein; IG = insoluble glutenin; RP = residue protein; IP = insoluble protein,

Table 5.2. Effect of previous crop and N fertilizer treatment on protein composition at the Swift Current-00 site.?
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Treatment

Protein Quantity® Proportion of FPC Ratios
Previous N Applied SP IG RP IP %SP  %IG  %RP  %IP SPIG  SP.IP
Crop (kg ha™)
Flax 10.33 3.28 2.76 6.04 63.1 20.0 16.9 36.9 3.15 1.71
Pea 10.46 3.30 2.69 5.99 63.6 20.1 16.3 364 3.17 1.75
0 10.35 3.25 2.57 5.82 64.0 20.1 15.9 36.0 3.18 1.78
30AN® 10.35 3.28 2.74 6.02 63.2 20.0 16.7 36.8 3.16 1.72
30CRU° 10.37 3.30 2.62 592 63.7 20.3 16.1 36.3 3.14 1.75
90AN 10.46 3.27 2.79 6.06 63.3 19.8 16.9 36.7 3.20 1.73
90CRU 10.43 3.34 2.90 6.25 62.6 20.0 174 36.4 3.12 1.67
ANOVA Pr>F
Previous Crop (P) 0.32 0.51 0.50 0.26 0.27 0.95 033 0.27 0.70 0.31
N Applied (kg ha‘l) N 0.82 0.52 0.0575 0.0309 0.0806 0.19 0.0883 0.0806 0.44 0.32
P*N 0.52 0.29 0.0853 0.12 0.0482 0.21 0.0687 0.0482 0.60 0.0203
Contrast
ANvs CRU 0.93 0.19 0.46 0.58 0.64 0.31 0.42 0.64 0.22 0.58
ONvs30N 0.96 0.42 0.20 0.16 0.20 0.24 0.19 0.20 0.41 0.16
30N vs 90N 0.29 0.74 0.11 0.20 0.17 0.35 0.20 0.17 0.57 0.20
PeavsFlax at O N 0.51 0.35 0.12 0.13 0.0652 0.28 0.0923 0.0652 0.72 0.0574
Pea vs Flax at 30 N 0.10 0.96 0.68 0.63 0.66 0.42 0.91 0.66 0.25 0.63
PeavsFlax at 90 N 0.69 0.83 0.75 0.77 0.59 0.86 0.68 0.59 0.87 0.54
CV (%) 23 3.0 10.7 4.2 1.6 39 9.5 2.7 3.0 4.3

? SP = soluble protein; IG = insoluble glutenin; RP = residue protein; IP = insoluble protein.

® Ammonium nitrate fertilizer.
¢ Controlled-release urea fertilizer.

Table 5.3. Effect of previous crop and N fertilizer treatment on protein composition at the Carman-01 site,*>°

1391



Treatment Protein Quantity® Proportion of FPC Ratios
Previous N Applied SP 1G RP IP %SP  %IG  %RP  %IP SPIG  SPiIP
Crop (kg ha')
Flax 8.6 2.56 2.67 5.22 62.5 18.4 19.1 375 3.40 1.68
Pea 9.15 2.62 2.99 5.61 61.9 17.8 203 38.1 3.48 1.64
0 8.29 2.54 2.67 5.21 614 18.8 19.8 38.6 3.27 1.60
30ANP 8.46 2.44 2.69 5.13 62.2 18.0 19.8 37.8 3.46 1.66
30CRU° 8.42 2.49 2.69 5.18 62.0 18.3 19.7 38.0 3.39 1.64
90AN 9.63 2.76 2.97 5.73 62.8 18.0 19.2 37.2 3.49 170
90CRU 9.80 2.72 3.12 5.85 62.7 17.4 19.9 373 3.60 1.69
ANOVA Pr>F
Previous Crop (P) 0.20 045 0045  0.0799 0.25 0.06 0.11 0.25 00933 031
N Applied (kg ha™) (N) <0.0001  <0.0001  0.0193  0.0002 0.39 00039 095 0.39 0.0006 032
P*N 0.094 058 00147 00174 0.0187 073 0.0201 00187 0.66 00203
Contrast
AN vs CRU 0.64 0.93 0.47 0.76 0.71 0.55 0.62 0.71 0.72 0.66
ONvs30N 0.33 0.16 0.92 0.68 030 00232 096 0.30 00112 028
30N vs 90N <0.0001  <0.0001  0.0031  <0.0001 026 00685  0.77 0.26 00159 023
Pea vs Flax at O N 0.64 0.58 0.19 0.34 0.0652 024 0.10 0.16 0.96 0.18
Pea vs Flax at 30 N 0.0183 015 00284 0013 0.66 00699  0.18 0.43 0.19 0.50
Pea vs Flax at 90 N 0.006 0.8 00596  0.0292 0.59 00699 041 0.87 00812 0.80
CV (%) 4.0 45 10.9 6.0 2.5 3.6 9.2 4.1 3.8 6.7

* SP = soluble protein; IG = insoluble glutenin; RP = residue protein; IP = insoluble protein.

® Ammonium nitrate fertilizer.
¢ Controlled-release urea fertilizer.

Table 5.4. Effect of previous crop and N fertilizer treatment on protein composition at the Brandon-01 site,*>*
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Treatment Protein Quantity® Proportion of FPC Ratios
Previous N Applied SP 1G RP IP %SP  %IG  %RP  %IP SPIG  SP:IP
Crop (kg ha™)
Durum 9.43 2.66 237 5.03 65.3 18.4 16.3 347 3.55 1.90
Pea 9.93 2.76 2.95 5.72 63.5 17.7 18.8 36.5 3.59 1.75
34 9.36 2.61 2.66 5.27 64.1 17.9 18.0 359 3.58 1.80
50 9.76 2.74 2.54 5.28 65.1 18.3 16.7 34.9 3.56 1.88
78 9.93 2.78 2.79 5.58 64.1 18.0 18.0 359 3.57 1.79
ANOVA Pr>F
Previous Crop (P) 0.0829 0.23 0.0572 0.0367 0.18 0.0765 0.12 0.18 0.45 0.16
N Applied (kg ha™) (N) 0.24 0.25 0.76 0.64 0.77 0.71 0.71 0.77 0.95 0.72
P*N 0.11 0.088 0.21 0.0856 0.42 0.79 0.47 0.42 0.80 0.42
Contrast
34Nvs50N 0.23 0.22 0.73 0.97 0.54 0.46 0.48 0.54 0.75 0.53
S0Nvs78 N 0.62 0.70 0.43 0.43 0.53 0.51 0.49 0.53 0.9 0.47
Pea vs Durum at 34 N 0.0689 0.14 0.14 0.0767 0.1 0.31 0.08 0.10 0.73 0.35
Pea vs Durum at 50 N 0.0622 0.0911 0.0376 0.018 0.76 0.13 0.69 0.76 0.97 0.10
Pea vs Durum at 78 N 0.45 0.23 0.80 0.56 0.71 0.52 0.60 0.71 0.35 0.88
CV (%) 5.8 6.4 22.0 11.5 4.1 44 18.4 7.3 3.3 11.4

# SP = soluble protein; IG = insoluble glutenin; RP = residue protein; IP = insoluble protein.

Table 5.5. Effect of previous crop and N fertilizer treatment on protein composition at the Swift Current-01 site.?
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wheat grown on durum stubble at both Swift Current sites. Compared to wheat grown on
flax stubble, P-W at Carman-00 and Brandon-01 had higher though not statistically
different SP and IG, although the P-value approached 0.05 in both instances. The only
instances where previous crop had a strong effect on the proportion of individual protein
fractions was at Brandon-01 and Swift Current-01, where P-W had a lower proportion of
IG than F-W; the P-value approached 0.05 in both instances.

N fertilizer treatment had a significant effect on the quantity of SP and IG at
Carman-00, Swift Current-00, and Brandon-01. Compared to control plots, plots
receiving 90 kg N ha” at Carman-00 accumulated 15% and 13% greater SP and IG,
respectively, while the quantity of IP increased 10%. At Brandon-01, compared to
control plots, the application of 90 kg N ha™ increased the quantity of SP, IG, RP, and IP
17, 8, 14, and 11%, respectively. The increase in the SP fractions was proportionately
greater than the increase in the quantity of IG as FPC increased in response to increasing
N fertility. Increasing the N application rate from 34 to 78 kg N ha! at Swift Current-00
increased the quantity of SP and IG by 28% and 30%, respectively. There was very little
change in RP, while the quantity of IP increased 19%. At Swift Current-01, the quantity
of the four fractions increased 5-7% as N application rate increased.

Fertilizer N source had no effect on FPC at any of the Manitoba sites
(Chapter 4). As such, no differences in the quantity of individual protein fractions were
expected. However, the CRU treatment at the Carman-00 site resulted in a slightly
higher but statistically insignificant quantity of IG compared to the AN treatment as well
as a slightly lower quantity of IG; the resultant SP:IG ratio for the CRU treatment was

significantly lower than the SP:IG ratio of the AN treatment (Table 5.1). The effect of N
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source may be explained in part by the observation that wheat fertilized with AN
accumulated a significantly higher quantity of N by anthesis at the Carman-00 site
compared to plots receiving CRU (data not presented). By harvest, wheat receiving AN
acc;umulated a slightly higher but not significantly amount of N compared to plots

receiving CRU.

5.4.2 Relationships Among Flour Protein Content and Protein Composition
Parameters

Plots of the quantity and proportion of the four protein fractions quantified (as
well as the SP:IG and SP:IP ratios) versus FPC are presented in Figures 5.1 to 5.4 for the
Carman-00, Swift Current-00, Brandon-01, and Swift Current-01 sites. Overall, the
quantity of each of the four protein fractions tended to increase as FPC increased. SP
was strongly (» > 0.8) correlated to FPC. IG and IP were moderately correlated
(0.4 <r < 0.8) to FPC, while RP was poorly correlated to FPC (Table 5.6). Compared to
the SP, IG, and IP fractions, the CV of the RP fraction tended to be considerably higher
(Tables 5.1 to 5.5), reflecting the sensitivity of the quantity of RP to its dependence on
the quantification of SP and IG fractions (i.e. RP is calculated and not extracted).

FPC was poorly correlated with %SP, %IG, %RP, and %IP. Stronger
relationships were observed among the quantity and proportion of individual protein
fractions. Whereas FPC was poorly correlated to SP:IG, %IG showed a strong, negative
correlation to SP:IG. IG was moderately and negatively correlated with SP:IG while
residue protein, expressed either in total quantity or as a proportion of FPC was positively

correlated to SP:IG.
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Figure 5. 1. Effect of previous crop on flour soluble protein content (A) and insoluble
glutenin content (B). Closed symbols represent flax/durum stubble while open
symbols represent pea stubble. Data are plotted for Carman-00 (), Swift
Current-00 (=), Brandon-01 (e), and Swift Current-01 (4). The independent variable is
flour protein content. Data falling outside the common range of flour protein content
were excluded from analysis.?
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Figure 5. 2. Effect of previous crop on flour residue protein content (A) and insoluble
protein content (B). Closed symbols represent flax/durum stubble while open symbols

represent pea stubble. Data are plotted for Carman-00 (), Swift-Current-00 (a),

Brandon-01 (e), and Swift Current-01 (a). The independent variable is flour protein
content. Data falling outside the common range of flour protein content were excluded

from analysis.?
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Figure 5. 3. Effect of previous crop on the ratio of flour soluble protein to insoluble
glutenin (A) and the ratio of soluble protein to insoluble protein (B). Closed symbols
represent flax/durum stubble while open symbols represent pea stubble. Data are
plotted for Carman-00 (), Swift-Current-00 (m), Brandon-01 (), and Swift
Current-01 (a). The independent variable is flour protein content. Data falling outside
the common range of flour protein content were excluded from analysis.?
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(A), insoluble glutenin (B), residue protein (C), and insoluble protein (D) as a
proportion of total flour protein content. Closed symbols represent flax/durum stubble while open symbols represent pea stubble.

Data are plotted for Carman-00 (), Swift-Current-00 (m), Brandon-01 (e), and Swift Current-01 (a). The independent variable is
flour protein content. Data falling outside the common range of flour protein content were excluded from analysis.?
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Protein Composition

Protein Composition FPC SP 1G RP 1P %SP %I1G %RP %IP SP:1G SP:IP
FPC —

SP 0.88%** -

I1G 0.64*+* (.84 —

RP 0.27* -0.21" -0.50%** -

P 0.71%+*  (.28%* 0.04™ (0.8 5%k —-

%SP -0.03" 0.46**%  (55%kk Ok _( 7Dk ——

%IG -0.02™ 0.76%%% Q. 76%*%  0.87%k*x . 54%kx () 74%¥% —

%RP 0.03™ -0.87*¥k Q.67 H*E (. 97H*k 0.70%%%  _0.96%*+k  _( gk —

%IP 0.03™ -0.74%8% (0 55%%% () gk 0.72%%%  _1.00%%k  _( 74%%% 0.96%** ——

SP:IG 0.04™ -0.14"™ -0.66%F% (.61 %k* 0.30* -0.36%*%  .0.89%*x 0.61%%% (. 36%* e

SpP:IP 0.00™ 047%%k  Q57kk* Q91 kkx (0 7Q%kk ] Q0K () T4k 0954k 1 00%kk (g 37%kx o

a

ns, *, ** *** not significant. significant at P <0.01, 0.001, and 0.0001, respectively.

Table 5. 6. Coefficients of correlation (» ) among selected protein composition parameters for the pooled dataset (n = 110).°
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Differences in protein composition among site years were also evident and could
not be explained by experimental error or differences in environmental conditions during
the growing season (Table 5.7). For example, extraction efficiency (i.e. quantity of SP
and IG) was higher for Carman-00 and, to a lesser extent, Swift Current-00, relative to
the Carman-01, Brandon-01 and Swift Current-01 sites. The higher extraction efficiency
resulted in Carman-00 (and to a lesser extent Swift Current-00) samples having lower
quantities of SP (Figure 5.1) and IG (Figure 5.2) at the same FPC compared to the other
three site years.

Our observations of the relative proportions of individual protein fractions are
comparable to those of Sapirstein and Fu (1998), who reported SP, IG, and RP of the
CWRS cultivar Katepwa represented 62.9%, 19.9%, and 17.2% of FPC, respectively.
For example, the average proportions of SP, IG, and RP of Brandon-01 samples were
62.2%, 18.1%, and 19.7%, respectively, while SP, IG, and RP represented 66.9%, 22.9%,
and 10.2% of FPC, respectively, for Carman-00 samples.

Although the quantity of individual protein fractions increased as FPC increased
in our study, correlation analysis demonstrated there was no strong, consistent trend in
the relationship between FPC and the proportion of individual protein fractions, SP:IG
ratio, or SP:IP ratio (Table 5.8). The proportion of SP tended to increase slightly (1-2%)
as fertilizer N rate increased, and was accompanied by a similar decrease in the

proportion of RP. The only instance where a strong relationship was observed between



Location

Parameter® Carman-00 Swift Current-00 Carman-01 Brandon-01 Swift Current-01
Mean SD Mean SD Mean SD Mean SD Mean SD
FPC 14.6 1.3 11.6 1.5 16.4 0.4 143 1.2 15.1 1.3
SP 9.93 1.06 7.81 1.06 10.39 0.28 8.92 0.84 9.68 0.67
IG 3.34 0.37 2.39 0.33 3.16 0.09 2.59 0.18 2.71 0.20
RP 1.36 0.56 1.44 0.41 2.85 0.34 2.83 0.54 2.66 0.65
P 4.70 0.57 3.83 0.54 6.01 0.28 5.42 0.61 5.38 0.74
% SP 67.8 3.0 67.1 2.1 63.4 1.2 62.2 2.6 64.4 2.6
% IG 22.8 1.1 20.6 1.3 19.3 0.8 18.1 0.8 18.0 0.8
% RP 94 38 12.3 3.1 17.4 1.8 19.7 3.0 17.5 32
% IP 322 3.0 32.9 2.1 36.6 1.2 37.8 2.6 35.6 2.6
SP:1G 2.98 0.13 3.27 0.15 3.29 0.11 3.44 0.18 3.57 0.10
SP:1P 2.14 0.30 2.05 0.19 1.73 0.09 1.66 0.18 1.82 0.21
*FPC = flour protein content, SP = soluble protein content, IG = insoluble glutenin content, RP = residue protein content, and IP = insoluble
protein content. % SP = soluble protein as a proportion of FPC, % IG = insoluble glutenin as a proportion of FPC, % RP = residue protein
as a proportion of FPC, % IP = insoluble protein as a proportion of FPC. SP:IG = ratio of soluble protein to insoluble glutenin, SP:IP = ratio

of soluble protein to insoluble protein.

Table 5.7. Summary of the protein composition characteristics of the experimental sites.
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Swift Swift
Parameter Carman-00 Current-00 Brandon-01 Current-01
sp 0.91*** 0.97 %% 0.89 % 0.87%%%*
IG 0.90%%* 0.89 %% 0.84 %% 0.84%**
RP 0.05™ 0.48% 0.60%** 0.77***
Ip 0.64 %% 0.90%%** 0.78%** 0.90%**
%SP 0.17" 0.07™ -0.02™ -0.56*
%IG 0.19™ -0.10" -0.54 %% -0.45™
%RP -0.19™ -0.01™ 0.18™ 0.56*
%lIP -0.17™ -0.07™ 0.02™ 0.56*
SP:IG -0.07"™ 0.18" 0.45%* -0.09™
SP:IP 0.17" 0.06™ 0.00™ -0.55%

* ns, * ¥, *¥¥* not significant. significant at P < 0.05, 0.01, and 0.001,

respectively.

Table 5.8. Coefficients of correlation (r) between selected protein composition

parameters and FPC for the Carman-00, Swift Current-00, Brandon-01, and

Swift Current-01 sites.?
FPC and SP:IG was at the Brandon-01 site, where SP:IG increased as FPC increased
(r=0.45). Wieser and Seilmeier (1998) and Triboi et al. (2000) found N fertilization had
a more pronounced effect on the percentage increase in the quantity of gliadin compared
to FPC or glutenin, resulting in an increase in the ratio of gliadin to glutenin, while
Johansson et al. (2001), found increased N supply resulted in no change in the ratio of
gliadin to glutenin.

We reported previously that the most striking differences in technological quality
among site years was the dough weakness exhibited by samples from the
Swift Current-01 site at the same FPC as samples from the Carman-00 and Brandon-01
sites. The Swift Current-01 site was subjected to a prolonged period of dryness, and
yields were low relative to the other four site years evaluated (Appendix G). Heat or

drought stress during the growing season has been demonstrated to alter gliadin

composition (Ciaffi et al. 1996; Daniel and Triboi 2001), the balance of gliadin and
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glutenin (Blumenthal et al. 1993; Daniel and Triboi 2000; Daniel and Triboi 2001), and

glutenin polymerization (Altenbach et al. 2002; Perrotta et al. 1998; Stone and Nicolas
1996b; Triboi and Leblevenec 1995). As such, compared to the other site years, we
expected there could be considerable differences in protein composition for Swift
Current-01 samples compared to the other site years, possibly an increase in the
proportion of SP or a reduction in the proportion of IG or IP. An increase in the
proportion of gliadin, which comprises the majority of the SP fraction, is associated with
an increase in dough extensibility and a decrease in dough strength (Fido et al. 1997;
MacRitchie 1987; Uthayakumuran et al. 2000; Wooding et al. 2000b), which would
explain the short dough development time and low WIP and SI exhibited by the Swift
Current-01 samples (Chapter 4).

However, based on the extraction procedure utilized in this study, protein
composition could not be used to explain the poor dough properties of the Swift
Current-01 samples. Besides protein composition, the poor technological quality of the
Swift Current-01 samples may be due to the effect of the adverse weather conditions on
starch properties (Jenner 1994; Panozzo and Eagles 1998) or other physiological
processes in the kernel. The most likely explanation for the poor dough strength of the
Swift Current-01 samples is elevated levels of a-amylase or starch damage as a result of
physiological immaturity (Preston et al. 1991). Although visibly green kernels were
removed by hand prior to milling, kernels that were normal in appearance (and as such
were left in the sample) may also have been affected by physiological immaturity,

thereby influencing dough strength properties.
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5.4.3 Relationships among Quality Attributes

A number of interesting relationships were observed among quality attributes and
protein composition based on the restricted dataset (Table 5 .9). In a number of instances,
individual protein fractions were considerably more strongly correlated to a given quality
attribute than FPC, emphasizing the importance of protein composition to technological
quality (Gupta et al. 1992; Hamada et al. 1982; MacRitchie 1992; Schofield 1986;
Shewry et al. 1986; Wall 1979). The RP fraction and the ratio of SP:IP were generally
poorly correlated with technological quality; while IP was poorly correlated with
micro-extension test parameters.

With respect to Mixograph parameters, dough development time (MDT) showed
a moderate negative correlation with SP:IG, RP, IP, and %RP; %IG was moderately and
positively correlated to MDT. Peak dough resistance, which was the quality attribute
most strongly correlated with FPC, was strongly correlated to SP and IG, although the
relationship between PDR and SP was stronger than the relationship between PDR and
IG. Work input-to-peak (WIP) was weakly correlated with FPC, SP, and IG. However,
there was a moderate inverse correlation between WIP and SP:IG ratio and a moderate,
positive correlation between WIP and %IG. Peak bandwidth (PBW) was also poorly
correlated to FPC; IG showed a moderate and positive correlation to PBW, while the
SP:IG ratio was negatively correlated to PBW. Dough breakdown resistance was most
strongly correlated to SP, while the only parameters moderately correlated to dough
strength index were SP:IG ratio and %IG.

As was the case with PBW and WIP, IG, %IG and the SP:IG ratio were

moderately correlated with dough maximum resistance to extension (Rmax), an indicator
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Protein Composition

FPC

SP

1G RP jiy %SP %lG %RP %IP SP:1G SP:IP

Mixograph

MDT -0.73%%k _,55%kx (17 -0.46%4%  0.63%4%  (,18™ 0.40%**  028* -0.18"™ -0.46*** (17"
PDR 0.91%FF  (89*kk (g 7g%kk (3™ 0.50%** (017" 0.21™ -0.20™ -0.17" 0.18™ 0.18™
wIpP -0.36%  .0.16™ 0.25% -0.54%%% 0. 47*%x  (20% 0.61%%*  _0.44%** _20% -0.68*** (0 30*
PBW 0.17" 0.15™ 0.40%%*  _011™ 0.11"™ -0.03" 0.35%* -0.13™ 0.03™ -0.50%**  0.,01™
BR 0.66%%* (. 58%+k (6% 0.26* 0.46%*+  (.01™ -0.20" 0.08™ -0.01™ 0.31%* 0.00™
SI -0.38%%%  .027%* 0.14™ -0.37#%k () 35%* 0.10™ 0.49%%*  027* -0.10™ -0.63%+% (0 .11™
Micro-extension

Rmax 0.06"™ 0.05™ 0.35%% -0.15™ 0.04™ -0.04™ 0.38%%x .0 14™ 0.04™ -0.55%%% 0,00
E at Rmax 0.63%*+% (. g8*kk  (49%kk 05" 0.25%* 0.28* 0.11™ -0.23™ -0.27* 0.05™ 0.28*
E Area 0.41%%%  Q44¥xk (e4%xx g 20™ 0.17% 0.14™ 0.47***% 0298 -0.14™ -0.55%%% 017"
E 0.59%*x  Q.64%*%x Qg 41%** (0™ 0.25% 0.24™ 0.03% -0.17" -0.24™ 0.14™ 0.25*
Rmax/E -0.29* -0.33%  .0,03"™ -0.06™ -0.09"™ -0.19% 0.19% 0.04™ 0.19™ -0.40%k% 0,17
Baking

FAB 0.76%+%  0.76%  (.65%+%  001™ 0.39%**  (20™ 0.21™ -0.22% -0.20™ -0.13™ 021%™
LV 0.83%4% (. 73%kk (g 50kkk () 23T 0.58%**  .0,01™ -0.05™ 0.03™ 0.01" 0.10™ 0.00™

*MDT = dough development time, PDR = peak dough resistance, WIP = work input-to-peak, PBW = peak band width, BR = breakdown resistance,
SI = strength index. Rmax = maximum dough resistance to extension, E at Rmax = extensibility at Rmax, E Area

E = extensibility at dough rupture, Rmax/E = visco-elastic ratio, FAB = Farinograph water absorption, LV =
ns, *, ** *** not significant. significant at P <0.01, 0.001, and 0.0001, respectively.

b

= extensigram area,
loaf volume.

Table 5. 9. Coefficients of correlation (r) among selected quality attributes for the pooled dataset (n = 1 10).2°
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of dough strength. Dough extensibility was most strongly correlated to SP, while
extensigram area (E Area) was more strongly correlated to IG, %IG, and the SP:IG ratio
than SP or FPC. Farinograph water absorption (FAB) and loaf volume (LV) were most
strongly correlated to SP, IG, and IP, although FPC was as strongly or more strongly
correlated to both parameters.

Sapirstein and Fu (1998) reported a strong and positive correlation between IG
and MDT, WIP, Rmax, E Area, and LV, while there was a strong and inverse relationship
between these parameters and SP. Generally speaking, in this study indicators of dough
strength were more strongly correlated to IG or SP:IG ratio than SP, while the opposite
was true of measures of dough extensibility, but by no means were the correlations as
well-defined as in the aforementioned study. The authors also reported RP was
negatively correlated to all quality parameters. We found moderate, negative correlations
between RP and MDT, WIP, and SL

The SP:IG ratio was much more strongly correlated to a number of quality
attributes than FPC, including WIP, PBW, SI, and Rmax. Furthermore, the average
SP:IG of the Brandon-01 and Swift Current-01 samples was much higher on average
compared to the other three site years (Table 5.7), and corresponded reasonably well to
relative dough strength. Unlike the results of the analysis of variance, results of the
correlation analysis demonstrate the SP:IG ratio appears to be a good predictor of end-use
quality, particularly in this case where wheat from a number of diverse environments is

being considered in the analysis.
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5.4.4 Effect of Previous Crop on End-Use Qilality Across a Similar Range of Flour
Protein Content

In a previous study (Chapter 4), we reported an interaction between previous crop
and FPC for a number of end-use quality parameters. At the same FPC, P-W tended to
be more extensible, have a shorter MDT, and exhibit lower WIP and SI compared to F-W
(Chapter 4). Therefore, we were interested in whether interactions occurred when FPC
was replaced by SP, IG, IP, SP:IG or SP:IP in the analysis. Results of the regression
analysis provided some insight into why there was an interaction in some instances
between previous crop and FPC (Table 5.10). Also of note was the observation that all of
the interactions reported previously between previous crop and FPC were also observed
when SP was used in place of FPC in the analysis. At the same SP, P-W had shorter
MDT and lower WIP compared to F-W. Though not statistically significant, P-W tended
to have a lower dough SI and was more extensible at the same SP compared to F-W.
There was also a significant interaction between MDT and IP as well as between MDT
and SP:IG ratio. Also of note was a moderately strong interaction between E at Rmax
and previous crop for SP:IG ratio. The results of this analysis suggest that the balance of
protein fractions, rather than a sole protein fraction, is responsible for the differences in
end-use quality attributed to previous crop observed in this study.

We speculated previously that effect of previous crop on breadmaking quality was
due to the effect of previous crop on the pattern of N uptake. In theory, protein
composition is influenced by the alteration of the pattern of N availability during protein
synthesis. For example, the synthesis of relatively large glutenin molecules occurs in the

late stages of kernel development (Daniel and Triboi 2002; Gupta et al. 1996; Stone and



Protein Composition

SP IG RP P %SP %IG %RP %IP SP:IG SP:IP
Parameter Previous Crop*Protein Composition (Pr>F)
Mixograph
MDT 0.0164* 0.82% 0.0699™  0.0494* .79™ 0.0248* 0.26™ 0.79™ 0.0191*  (0.89™
PDR 0.92™ 0.60™ 0.11™ 0.28™ 0.23™ 0.0431* 0.12% 0.23™ 0.0422*%  0.25™
WIP 0.0209* 041%™ 0.48™ 0.25™ 0.60™ 0.40™ 0.95" 0.60"™ 0.49™ 0.53"%
PBW 0.58™ 0.75™ 0.22™ 0.33"% 0.21™ 0.34"™ 0.23™ 0.21® 0.34™ 0.18%
BR 0.81" 0.86"™ 0.87" 0.45™ 0.83™ 0.81™ 0.96™ 0.83% 0.89™ 0.75™
SI 0.0683™ 0.83% 0.66™ 0.59™ 0.55™ 0.26™ 0.95™ 0.56" 0.16™ 0.46™
Micro-extension
Rmax 0.45™ 0.95™ 0.68™ 0.77% 0.50™ 0.96™ 0.67™ 0.50™ 0.92™ 0.51™
E at Rmax 0.12™ 0.78™ 0.32™ 0.33™ 0.71" 0.14"™ 0.45" 0.71™ 0.0621™  0.97™
E Area 0.84™ 0.84™ 0.38™ 047" 0.41™ 0.41™ 0.42% 0.40™ 0.27"% 0.43™
E 0.18™ 0.87% 0.35™ 0.37% 0.68™ 0.15® 0.44™ 0.68™ 0.0913™  0.74™
Rmax/E 0.20™ 0.99™ 0.80™ 0.76™ 0.73"™ 0.34™ 0.91% 0.73™ 0.17% 0.73%
FAB 0.74™ 0.24"™ 0.77% 0.70™ 0.56™ 0.97% 0.77" 0.55™ 0.81% 0.62"™
Lv 0.90"™ 0.93"% 0.99™ 0.50™ 0.81™ 0.62"™ 0.96"™ 0.82" 0.55™ 0.83"

ns, *, R REE R ot significant, significant at P < 0.05, 0.01, 0.001, and 0.0001, respectively.

Table 5. 10. Degree of significance of the interaction between previous crop and protein composition parameters for
selected quality attributes.’

IL1



172

Nicolas 1996a; Zhu and Khan 1999). Therefore, in theory, increasing N availability later
in the filling period by increasing the proportion of N taken up after anthesis
(namely F-W) enhances glutenin synthesis and therefore increases dough strength.
Conversely, where the majority of N uptake occurs prior to anthesis (i.e. P-W), there is a
higher proportion of N available during the most rapid phase of gliadin synthesis, namely
the first half of kernel development (Panozzo et al. 2001; Stone and Nicolas 1996a; Stone
and Savin 1999). Therefore, P-W would be expected to produce weaker, more extensible
dough due to a higher proportion of gliadin and/or a lower proportion of polymeric
protein compared to F-W.

Given the results of the regression analysis reported in Table 5.10, we expected
previous crop might have a significant effect on SP, since the same interactions were
reported where SP replaced FPC in the regression analysis. However, when the
interaction between previous crop and protein composition parameters was evaluated, no
significant interactions were observed for SP or any other protein composition parameter
(Table 5.11).

The regression analysis is complicated by the fact that the SP fraction contains a
number of sub-fractions of protein, namely gliadin (and its various sub-fractions) and
LMW glutenin (Sapirstein and Fu 1998). However, gliadin is similar to LMW glutenin
with respect to molecular structure and end-use quality effects, since both are classified
as S-rich prolamins (Shewry et al. 1986). LMW glutenin is similar in amino acid
composition and structure to o-, B-, and y-gliadin (Shewry and Tatham 1997), and are

rich in cysteine and methionine residues when compared to HMW glutenin or w-gliadin.



Parameter SP 1G RP IP %SP %IG %RP YoIP SP:IG
FPC 0.88™ 0.84™ 0.56™ 0.99™ 0.72™ 0.39™ 0.55™ 0.72™ 0.43™
s 1.00™ 0.52™ 0.99™ 0.61™ 0.23™ 0.51™ 0.61™ 0.16™
IG 023" 041" 0.75™ 0.20™ 0.15" 0.23® 0.20™ 0.0923™
RP 0.63™ 0.77% e 0.75™ 0.18" 0.38™ 0.46"™ 0.18™ 0.17™
P 0.89™ 0.76™ 042" 0.95™ 0.95™ 0.67" 0.95™ 0.59™
%SP 0.99" 0.92"™ 0.39™ 076" e 0.50™ 0.59™ 0.33™ 0.19"
%IG 0.30™ 0.89" 0.93" 0.91™ 0.23% 0.55™ 0.23™ 0.28™
.%RP 0.66™ 1.00™ 0.41™ 0.90™ 0.25™ 051" e 0.24™ 0.21%
%lIP 1.00™ 0.92" 0.38™ 0.75™ 0.34™ 0.95™ 0.58" e 0.19™
SP:1G 0.22" 0.83™ 0.66" 0.70™ 0.23™ 0.64™ 0.53" 023" el

“ns, * = not significant.

Table 5. 11. Degree of significance of the interaction between
for selected protein composition parameters.®

previous crop and protein composition parameters
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As such, particularly when compared to HMW glutenin, gliadin and LMW glutenin are
also similar in their effects on dough strength properties (Sapirstein and Fu 1998).

Given a high proportion of the SP fraction is composed of gliadin, it stands to
reason that differences in gliadin composition are responsible for the differences in
end-use quality attributed to previous crop. A more sophisticated method of protein
composition evaluation than the extraction procedure utilized in this study, such as size
exclusion-high performance liquid chromatography (SE-HPLC) might provide better
insight into the differences in technological quality observed at the same FPC attributed
to previous crop. Analysis of the SP fraction through SE-HPLC analysis would permit
the quantification of LMW glutenin, as well as the various gliadin sub-fractions, thereby
providing a much clearer picture of the composition of SP as well as the balance between

gliadin and glutenin and their representative sub-fractions.

5.5 Conclusions

A protein extraction method based on the differential solubility of flour protein in
50% 1-propanol was used to evaluate the effect of previous crop and N fertilization on
the protein composition of CWRS wheat in a series of small plot experiments carried out
at Carman, MB, Brandon, MB, and Swift Current, SK. The quantity of SP, IG and IP
increased as FPC increased, while the effect was less prominent for RP. The proportion
of each fraction remained relatively stable as N supply and FPC increased, although
unexplainable differences in protein composition among site years were observed.

FPC was a poorer predictor of technological quality in many instances compared

to individual protein fractions or the ratio of SP to IG. IG and the SP:IG ratio were
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generally more strongly correlated with measures of dough strength than SP, while the
opposite was true of measures of dough viscosity. The previous crop*FPC interaction for
a number of technological quality parameters was observed for the same parameters
when SP was evaluated. Fewer interactions between previous crop and two other protein
composition parameters, most notably the SP:IG ratio, were also observed and could not
be explained by differences in protein composition. More sensitive methods of protein
composition analysis such as SE-HPLC may help to explain the FPC*previous crop
interactions observed and would provide more insight into the effect of soil N status on

the protein composition of CWRS wheat.
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6.0 GENERAL DISCUSSION AND CONCLUSIONS

One of the major aspects of the research carried out in this study was the effect of
crop management practices on the quantity of N available to a wheat crop, as well as the
temporal availability of N. A number of researchers in semiarid and subhumid regions of
western Canada have pointed out one means of increasing N use efficiency in field crop
production is to improve the synchrony of N availability and crop demand. However, in
most instances in western Canada, fertilizer N is applied solely during or prior to
planting. Mid-season N application is made difficult since crops are solid-seeded,
reducing N application options. Furthermore, in most areas of western Canada,
precipitation following mid-season broadcast application of fertilizers such as ammonium
nitrate (AN) or urea is unreliable, thereby reducing fertilizer N efficiency. Given the high
cost of N fertilizer, maximizing N use efficiency and the N-supplying potential of
cropping systems is important to western Canadian producers.

The inclusion of annual grain legumes in rotation, as well as controlled-release N
fertilizer technology, are both considered to increase N availability later in the growing
season when N contributes more to protein content (PC) relative to grain yield. Western
Canadian producers have become more interested in producing high PC wheat,
particularly since premiums for high protein wheat of acceptable quality have been high
in recent years, particularly for Canada Western Red Spring wheat.

Grain legume residues tend to have lower carbon to nitrogen ratios than cereal or

oilseed residues. Therefore, grain legumes enhance N availability from the residues to a
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succeeding cereal crop due to more rapid decomposition and net mineralization. In most
studies conducted in the Northern Plains, the increased N availability from annual grain
legumes has been attributed to mineralization during the growing season. However, the
inclusion of legumes in crop rotations may also indirectly increase N availability through
the conservation of soil N as a result of biological N fixation.

The first two objectives of the study was to determine the quantity and timing of
N availability from two previous crops (field pea and flax) and two fertilizer N sources
(AN and CRU) to a wheat crop, and to determine the extent to which N made available
by the two previous crops or fertilizer N sources was recovered by the wheat crop. We
theorized that field pea stubble would contain a higher quantity of plant-available N at
planting, and that N availability would increase further during the growing season due to
mineralization of field pea residue. Furthermore, we postulated that the N release pattern
of CRU would mimic field pea stubble, namely increased N availability post-anthesis.
As expected, soil NO3-N to a depth of 120 cm was significantly higher for field pea
stubble relative to flax stubble at two of three Manitoba sites (Carman-00 and Brandon-
01). We initially attributed the higher N availability for field pea stubble to the sparing of
soil N. However, we found no evidence of increased N availability later in the growing
season (i.e. higher apparent net N mineralization) for wheat crop grown on field pea
stubble (P-W) compared to wheat grown on flax stubble (F-W). Surprisingly, we found
the opposite was true. Apparent net mineralized N during the growing season and
proportion of post-anthesis N uptake were higher for F-W compared to P-W at both

Carman-00 and Brandon-01.
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The results suggest that the net release of N from field pea stubble occurred
quickly after the field pea harvest well ahead of planting the subsequent wheat crop.
Comparable studies carried out in western Canada have been conducted in semiarid
regions of Saskatchewan. However, environmental conditions in southern Manitoba are
considerably different than in more northerly or westerly areas of the Prairies, and are
much more conducive to mineralization during the post-harvest period. Although
western Saskatchewan has adequate post-harvest soil temperatures to facilitate
mineralization, post-harvest precipitation is usually considerably lower than in southern
Manitoba. More northerly areas of the Prairies have adequate soil moisture to promote
mineralization but lack sufficient soil temperatures to allow mineralization to proceed at a
rapid rate.

As a result, higher soil NO3-N under field pea stubble compared to flax stubble at
Carman-00 and Brandon-01 was likely present post-harvest as a result of both soil N
conservation and N mineralization. Therefore, the potential for N losses such as leaching
and denitrification increased, both of which are of considerable concem in southern
Manitoba, particularly given the potential for wet post-harvest conditions. In western
Europe, for example, N leaching following legume production is a serious issue, since the
post-harvest period is much wetter and warmer than even in southern Manitoba,
facilitating rapid decomposition and mineralization of crop residues.

Furthermore, at the Carman sites in particular, post-anthesis N uptake was similar
to post-anthesis NMN, meaning significant quantities of inorganic N was present for all

treatments following wheat harvest. Therefore, selection of crops that are effectively able
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to accumulate N during the autumn are essential following production of annual grain
legumes, since conserved N and N made available through mineralization of legume is
subject to leaching. While the inclusion of annual grain legumes such as field pea may
increase overall soil N supply, the temporal N availability is not always in synchrony
with plant demand in annual cropping systems, meaning N use efficiency is reduced.

Like field pea stubble, controlled-release urea (CRU) was expected to result in
increased N availability later in the growing season due to its delayed N release pattern.
The CRU product used in this study was designed to achieve 80 to 100% N release in 40
to 50 d. As expected, given the rapid N release pattern of AN relative to CRU, total N
uptake at anthesis was significantly higher for wheat grown with AN compared to wheat
grown with CRU at Carman-00 and Brandon-01.

However, contrary to the findings of the previous CRU study, we found
inconsistent results with respect to the effect of CRU on post-anthesis N uptake. The N
release pattern of CRU at the Brandon-01 site was in line with expectations. However, at
the Carman sites, post-anthesis N uptake was similar for both fertilizer N sources,
although treatment effects may have been masked by the high soil N levels prior to
planting in both Carman site years. Given the previous crop effects observed, the N
release pattern of CRU was generally more similar to that of flax stubble. The
inconsistency of the CRU results suggests that the perceived benefits of the CRU are
likely strongly dependent on soil N supply. However, in situations similar to southern

Manitoba, where a combination of high soil N supply and plentiful moisture results in a
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high risk of lodging, CRU may be better agronomically as a source of fertilizer N than
other N sources with more rapid N release.

Although PC is traditionally recognized as the most influential factor affecting
breadmaking quality, protein composition also plays a significant role in determining
end-use quality. Where end-use quality differs significantly among samples with similar
PC, differences in end-use quality can be attributable to differences in protein quality or
composition. The gliadin fraction, which is synthesized in the kernel most rapidly during
the early stages of kernel development, is responsible for the viscous properties of dough
during mixing. Conversely, the glutenin fraction, which is synthesized in the latter half
of kernel development, is composed of polymeric protein and is responsible for dough
strength. A proper balance of gliadin and glutenin is responsible for the unique visco-
elastic properties of dough; altering the balance of these two protein fractions results in
altered end-use quality.

The third objective of this study was to determine whether across a similar range
of PC, previous crop or fertilizer N source produced wheat with different end-use quality
characteristics that could be explained by differences in protein composition. Given the
asynchronous pattern of protein synthesis as well as the dramatically different effects of
individual protein fractions on end-use quality, we theorized that since previous crop
altered the N accumulation pattern of wheat, protein composition might also be affected,
thereby influencing dough properties and breadmaking quality. To our knowledge, this is

the first study of its kind ever conducted.
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Evaluating end-use quality with the Mixograph, a dough micro-extension test, and
the Canadian Short Process bake test, we demonstrated that P-W had a shorter Mixograph
dough development time (MDT) and produced a lower work input-to-peak (WIP) than
F-W. P-W also tended to be more extensible and tended to have a lower dough strength
index (SI) than F-W. Whether weaker or stronger dough is more desirable to end-users is
not the issue with respect to the previous crop effects observed. What is particularly
important is the observation that at the same FPC, end-use quality was not consistent.

Based on the higher proportion of N accumulated prior to anthesis for P-W, it
stood to reason that if a greater proportion of N was made available to the kernel during
the early stages of kernel development, a higher proportion of gliadin might be
synthesized, in turn producing dough that was weaker and more extensible. Conversely,
increasing the proportion of N accumulated post-anthesis for F-W might result in
preferential synthesis of glutenin, thereby increasing dough strength. The relative dough
weakness of the P-W samples lends merit to this theory. Therefore, we were interested in
whether protein composition was indeed altered by previous crop.

Compared to the effect of previous crop, the effect of site year (i.e. environmental
conditions during the growing season) on end-use quality was much more pronounced.
For example, Swift Current-01 samples took longer to reach Mixograph MDT, displayed
reduced resistance to mixing at MDT, and broke down more rapidly after MDT than
wheat with similar FPC from other site years. The Swift Current-01 site was subjected to
substantial drought stress during the growing season; the results of the Swift Curent-01

sample analysis are in agreement with other studies conducted in Australia that have
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demonstrated the adverse effect of stress during the grain filling period on dough
strength, specifically with respect to the effect of stress on protein composition. We
theorized that differences in protein composition might be responsible for the site year
effects.

A protein extraction method based on the differential solubility of flour protein in
50% 1-propanol was used to evaluate the effect of environment and increasing N supply
on the protein composition of CWRS wheat under western Canadian growing conditions.
Four protein fractions were quantified, namely soluble protein (SP), insoluble glutenin
(IG), residue protein (calculated as flour protein content minus the sum of SP+IG) and
total insoluble protein (IP) increased as flour protein content (FPC) increased. The ratios
of SP to IG and SP to IP were also calculated. Evaluation of the interaction between
previous crop and the various protein composition parameters provided little insight into
why there was an interaction in some instances between previous crop and FPC. All of
the interactions reported previously between previous crop and FPC were also present
when SP replaced FPC in the analysis. The interaction between previous crop and
fractions other than SP was less consistent, although replacing FPC with ratio of SP to IG
also yielded a number of interactions.

The results of this analysis suggested that the balance of protein fractions, rather
than a sole protein fraction, is responsible for the differences in end-use quality observed
in this study attributed to previous crop, or that factors other than protein composition
such as starch properties might explain the differences in end-use quality. Furthermore,

protein composition could not be used to explain the poor dough properties of the Swift
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Current-01 samples. The effect of adverse growing season conditions on starch
properties was theorized to be the reason for the site year effects observed.

Interestingly, despite the poor dough strength of the Swift Current-01 samples, the
samples graded as No. 1 CWRS, and as such were considered to be of greater value than
samples from the Carman or Brandon sites that were downgraded as a result of Fusarium
damage. The results of the study point to the strong conclusion that FPC is by no means
the only measure of wheat end-use quality, and that grade was also a poor indicator of
relative value among site years.

Furthermore, compared to the effect of previous crop, it is clearly much more
difficult to eliminate the effects of environment on quality at a given delivery point by
blending, since conditions such as drought stress would most certainly be prevalent
throughout most of the area surrounding the high throughput elevator. As the importance
of grain shipments by rail from individual delivery points increases, as well as the trend
towards contract production and marketing, identity-preserved grain handling, and
specification-based sales, quality consistency among delivery points will become a much
greater concern in future years, particularly given western Canada’s reputation for quality

consistency.
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8.1. APPENDIX A - METEOROLOGICAL INFORMATION AND SELECT
AGRONOMIC INFORMATION FOR THE CARMAN, BRANDON, AND SWIFT
CURRENT EXPERIMENTAL SITES

Table A.1. Mean monthly air temperature for the experimental sites.

Site Year Jan Feb Mar Apr May Jun  Jul Aug Sep Oct Nov Dec
: mean temperature (°C)

Carman -171 -138 -6.6 3.8 119 174 201 187 116 5.1 53 -146
Brandon -18.4 -15.0 -7.5 3.3 110 162 187 175 114 5.0 57 -15.0
Swift Current -13.0 -9.6 -4.0 4.3 108 156 183 176 114 5.5 -40 -10.8
Source: Environment Canada Climate Center, Winnipeg, MB.
Table A.2. Mean monthly precipitation for the experimental sites.

Site Year Jan Feb Mar Apr May Jun  Jul Aug Sep Oct Nov Dec

total monthly precipitation (mm)

Carman 185 17.7 217 425 527 728 691 655 490 340 186 2038
Brandon 184 156 205 354 484 669 721 693 505 222 149 189
Swift Current 20.0 162 195 247 457 66.8 489 382 337 175 147 21.5

Source: Environment Canada Climate Center, Winnipeg, MB.
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Table A.3. Meteorological data for the Swift Current experimental sites.?

Site Year

2000 2001
May
Precipitation (mm) 65 (46) 23
Average Air Temperature (°C) 10.9 (10.8) 12.2
June
Precipitation (mm) 54 (67) 32
Average Air Temperature (°C) 13.8 (15.6) 15.0
July
Precipitation (mm) 127 (49) 63
Average Air Temperature (°C) 19.1 (18.3) 19.7
August
Precipitation (mm) 13 (38) 3
Average Air Temperature (°C) 18.5 (17.6) 20.9

a Data in parentheses are 1961-1990 climatic averages (Environment
Canada Climate Center, Winnipeg, MB).

Table A.4. Agronomic information for the Swift Current experimental sites.

Site Year
Characteristic 2000 2001
i - Plot combine w/o Plot combine w/o
Reference Crop Residue ) .
M chopper; no chopper; no
anagement . . . .
incorporation incorporation
Spring Soil Sampling - 4-May
Seeding Date 17-May 8-May
First neutron probe reading - 14-May
Tissue Sampling at Flag Leaf - 29-Jun
50% Anthesis Date —en 17-Jul
Last Tissue Sampling Date ' 21-Aug
Harvest Date 12-Sep 22-Aug

Soil Sampling at Harvest i 4-Sep
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Table A.5. Soil physical and chemical characteristics at the Swift Current-01 site.*?°

Stubble Type
Characteristic® Depth (cm) Pea Durum

Soil Name Haverhill
Soil Classification Orthic Brown Chernozem
Soil Texture loam
pH 0-15 7.3 7.5
Organic Matter (%) 0-15 2.7 3.0
Electrical Conductivity (ds/M) 0-15 0.62 0.54
Cation Exchange Capacity (meg/100g) ©  0-15 20.5 22.1
Estimated NO4-N (kg ha™)° 0-15 10 7

15-60 10 7

60-120 10 12

0-60 20 (VL)° 14 (VL) -

Estimated NH,-N (kg ha™) 0-15 10 7
Extractable SO,4-S (mg kg™) 0-60 >20 >20
Extractable P (mg kg™ 0-15 13 11
Extractable K (mg kg™) 0-15 303 360

3 particle size analysis for soil texture determination was determined by hydrometer
method (Black et al. 1965), organic matter by ignition (McKeague 1976), cation
exchange capacity by NH,OAc at pH 7 (McKeague 1976), 2 N KCl extractable
NO,-N by automated Cadmium reduction method (Clesceri et al. 1998), 2 N KCI
extractable NH,-N by automated-phenate method (Clesceri et al. 1998), extractable
S0,-S by turbidimetric method (Clesceri et al. 1998), extractable K by flame
photometric method (Clesceri et al. 1998), and extractable P by stannous chloride
method (Clesceri et al. 1998). Soil pH and electrical conductivity were determined
in water using a soil to water ratio of 1:2 (McKeague 1976).

b Estimated assuming a bulk density of 1.33 g cm®.

¢ Ratings for wheat production according to the Manitoba Soil Fertility Guide where
VL = very low; L = low; M = medium; H = high; VH = very high
(Manitoba Agriculture and Food 2001).
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8.2. APPENDIX B — ANALYSIS OF VARIANCE, LSDs, AND CONTRASTS FOR
THE EFFECTS OF PREVIOUS CROP AND FERTILIZER NITROGEN
TREATMENTS ON SELECTED MEASUREMENTS ASSOCIATED WITH
DRY MATTER AT THE CARMAN, BRANDON, AND SWIFT CURRENT
EXPERIMENTAL SITES
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Table B.1. Dry matter yield of the stem/leaf fraction at anthesis at the Carman-00, Carman-01,
and Brandon-01 sites.

Treatment Site
Stubble N Apph_:ad Carman-00 Carman-01 Brandon-01
(kg ha™) .
kg ha™
Flax 0 4333 4569 2632
Flax 30 AN* 4682 4905 3404
Flax 30 CRU** 4676 5135 3498
Flax 90 AN 5366 5569 4569
Flax 90 CRU 4821 5438 3813
Pea 0 3585 4034 3679
Pea 30 AN 5041 4798 4273
Pea 30 CRU 5126 5192 3797
Pea 90 AN 5797 5577 4462
Pea 90 CRU 4944 5077 4630
LSD (P=0.05) 707 768 658
Stubble
Flax 4776 5123 3529
Pea 4899 4938 4168
LSD (P=0.05) - ns ns 296
N Applied (kg ha™)
0 3959 4306 3020
30 AN 4861 4852 3839
30 CRU 4901 5573 3648
90 AN - 5582 5163 4515
90 CRU 4883 5258 4222
LSD (P=0.05) 503 557 468
ANOVA df Pr>F
Stubble (S) 1 0.48 0.27 0.0206
N Applied (kg ha™) 4 <0.0001 0.0013 <0.0001
N*S 4 0.1 0.79 0.0409
Contrasts
PeavsFlaxatON 0.0391 A 0.17 0.0003
Peavs Flaxat 30 N 0.11 0.93 0.0157
Peavs Flaxat90 N 0.27 0.51 0.13
AN vs CRU 0.0675 0.99 0.14
ANvs CRU-30Nvs 90N 0.0423 0.11 0.75
ONvs 30N 0.0002 0.0062 0.0012
30N vs 90 N 0.0527 0.043 0.0007
Peavs Flax-ONvs 30 N 0.0116 0.3 0.0748
Peavs Flax-30 Nvs 90N 0.71 0.69 0.48
Pea at 30 N vs Flax 90 N 0.97 0.0655 0.5
C.V. (%) 10.1 10.7 11.8

* Ammonium nitrate

** Controlled-release urea
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Table B.2. Dry matter yield of the stem/leaf fraction 7 days after anthesis at the Carman-00,
Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Appll.?d Carman-00 Carman-01 Brandon-01
(kg ha")
kg ha™
Flax 0 4333 4569 2632
Flax 30 AN* 4682 4905 3404
Flax 30 CRU™ 4676 5135 3498
Flax 90 AN 5366 5569 4569
Flax 90 CRU 4821 5438 3813
Pea 0 3585 4034 3679
Pea 30 AN 5041 4798 4273
Pea 30 CRU 5126 5192 3797
Pea 90 AN 5797 5577 4462
Pea 90 CRU 4944 5077 4630
LSD (P=0.05) 707 ns 658
Stubble
Flax 4776 5123 3529
Pea 4899 4938 4168
LSD (P=0.05) ns ns 296
’ N Applied (kg ha™)
0 3959 4306 3020
30 AN 4861 4852 3839
30 CRU 4901 5573 3648
90 AN - 5582 5163 4515
90 CRU - 4883 5258 4222
LSD (P=0.05) 503 557 468
ANOVA df Pr>F
Stubble (S) 1 0.65 0.93 0.0185
N Applied (kg ha™) 4 0.0132 0.0052 <0.0001
N*S 4 0.0381 0.64 0.0988
Contrasts
Peavs FlaxatON 0.42 0.82 0.0003
Pea vs Flax at 30 N 0.42 037 0.0002
Pea vs Flax at 90 N 0.92 0.4 0.018
AN vs CRU 0.43 0.54 0.0977
ANvs CRU-30Nvs90N 0.37 0.32 0.106
ONvs30N 0.0281 0.0068 0.0018 :
30N vs 90 N 0.09 0.13 <0.0001
Pea vs Flax - 0 N vs 30 N 0.83 0.71 0.37 |
Peavs Flax-30Nvs 90N 0.48 0.18 0.18
Pea at 30 N vs Flax 90 N 0.45 0.34 0.58
C.V. (%) 13.2 10.1 13.5
* Ammonium nitrate
** Controlled-release urea




Table B.3. Dry matter yield of the stem/leaf fraction 14 days after anthesis at the Carman-00,
Carman-01, and Brandon-01 sites. '

Treatment Site
Stubble N Appl{?d Carman-00 Carman-01 Brandon-01
(kg ha™)
kg ha™
Flax 0 5682 5534 2575
Flax 30 AN* 7175 6321 3765
Flax 30 CRU™ 7224 6408 3609
Flax 90 AN 7503 6474 6152
Flax 90 CRU 7142 6452 4519
Pea 0 6896 5074 4667
Pea 30 AN 6814 6409 4872
Pea 30 CRU 7224 5512 4716
Pea 90 AN 7881 6212 5569
Pea 90 CRU 6552 5392 4888
LSD (P=0.05) ns ns 1240
Stubble
Flax 6946 6238 4124
Pea 7074 5720 4943
LSD (P=0.05) ns ns 514
N Applied (kg ha™")
0 6289 5304 3621
30 AN 6995 6365 4318
30 CRU 7224 6343 4163
90 AN - 7692 5960 5860
90 CRU 6847 5922 4704
LSD (P=0.05) ns 680 813
ANOVA df Pr>F
Stubble (S) 1 0.68 0.26 0.001
N Applied (kg ha) 4 0.2 0.0241 0.0001
N*S 4 0.55 0.42 0.0313
Contrasts
Peavs FlaxatO N 0.14 ' 0.38 0.0018
Peavs Flaxat30 N 0.75 0.28 0.0152
Peavs Flaxat90 N 0.85 0.0829 0.8
AN vs CRU 0.45 0.0891 0.0271
ANvs CRU-30Nvs90N 0.2 0.97 0.0852
ONvs30N 0.1 0.0061 0.0822
30Nvs90N 0.7 0.9 0.001
Peavs Flax-ONvs 30 N 0.17 0.92 0.16
Pea vs Flax - 30 Nvs 90 N 0.93 0.59 0.0395
Pea at 30 N vs Flax 90 N 0.59 0.18 0.21
C.V. (%) 16.3 11.0 17.4

* Ammonium nitrate

** Controlled-release urea
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Table B.4. Dry matter yield of the stem/leaf fraction 21 days after anthesis at the Carman-00,
Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N Appl|_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
kg ha™
Flax 0 4206 5545 2436
Flax 30 AN* 5912 6354 3609
Flax 30 CRU** 5846 6135 3191
Flax 90 AN 6732 7185 5372
Flax 90 CRU 6765 6704 4708
Pea 0 6060 5720 4642
Pea 30 AN 6289 6441 5323
Pea 30 CRU 5961 6179 4823
Pea 90 AN 7372 6682 5709
Pea 90 CRU 6699 6365 4856
LSD (P=0.05) 1562 826 1205
Stubble :
Flax 5892 6385 3863
Pea 6476 6277 5071
LSD (P=0.05) ns ns ns
N Applied (kg ha™")
0 5133 5632 3539
30 AN 6101 6397 4466
30 CRU 5904 6934 4007
90 AN - 7052 6157 5541
90 CRU 6732 6534 4782
LSD (P=0.05) 1128 481 640
ANOVA df Pr>F
Stubble (S) 1 0.14 0.78 0.12
N Applied (kg ha™") 4 0.0164 0.0002 <0.0001
N*S 4 0.4457 0.53 0.0091
Contrasts
Peavs FlaxatO N 0.0218 0.67 0.0008
Pea vs Flax at 30 N 0.65 082 0.0004
Pea vs Flax at 90 N 0.6 0.15 0.56
AN vs CRU 0.51 0.0641 0.0105
ANvs CRU-30 Nvs 90 N 0.87 0.63 05
ONvs30N 0.0786 0.0039 0.0159
30Nvs 90 N 0.0302 0.0106 0.0003
Peavs Flax-0 N vs 30 N 0.1 0.79 0.33
Pea vs Flax-30 Nvs 90 N 0.96 0.15 0.0033
Pea at30 Nvs Flax 90 N 0.26 0.0343 0.94
C.V. (%) 17.7 7.4 13.9
* Ammonium nitrate
** Controlled-release urea




Table B.5. Dry matter yield of the stem/leaf fraction 28 days after anthesis at the Carman-00,
Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N Apph_?d Carman-00 Carman-01 Brandon-01
(kg ha’)
kg ha™
Flax 0 nd.t 4670 2034
Flax 30 AN* n.d. 5320 2748
Flax 30 CRU** n.d. 5042 2813
Flax 90 AN n.d. 5381 4429
Flax 90 CRU n.d. 5517 4003
Pea 0 n.d. 4757 3428
Pea 30 AN n.d. 4692 4175
Pea 30 CRU nd. 5320 4364
Pea 90 AN n.d. 5616 5405
Pea 80 CRU n.d. 5517 4593
LSD (P=0.05) n.d. ns 1114
Stubble
Flax n.d. 5186 3205
Pea n.d. 5199 4393
LSD (P=0.05) n.d. ns 496
N Applied (kg ha™)
0 n.d. 4713 2731
30 AN n.d. 5053 3461
30 CRU nd. 5498 3588
90 AN - n.d. 5181 4917
90 CRU n.d. 5517 4298
LSD (P=0.05) n.d. ns 785
ANOVA df Pr>F
Stubble (S) 1 n.d. 0.97 0.0198
N Applied (kg ha™) 4 n.d. 0.13 <0.0001
N*S 4 n.d. 0.76 0.7
Contrasts
Peavs FlaxatO N n.d. 0.87 0.0161
Peavs Flaxat 30 N n.d. 0.73 0.0006
Peavs Flaxat 90 N n.d. 0.75 0.0512
AN vs CRU n.d. 0.76 0.37
ANvs CRU-30Nvs 90 N n.d. 0.82 0.18
ONvs30N n.d. 0.18 0.024
30Nvs 90N n.d. 0.12 0.0005
Peavs Flax-ONvs 30N n.d. 0.72 0.89
Peavs Flax-30Nvs 90 N n.d. 0.61 0.2
Pea at 30 N vs Flax 90 N n.d. 0.29 0.89
C.V. (%) n.d. 13.1 20.0

* Ammonium nitrate
** Controlied-release urea

1 No data were collected.
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Table B.6. Dry matter yield of the stem/leaf fraction 35 days after anthesis at the Carman-00,
Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N Apph.?d Carman-00 Carman-01 Brandon-01
(kgha)
kg ha™
Flax 0 4600 4440 2215
Flax 30 AN* 5322 4790 2838
Flax 30 CRU** 4829 4976 3314
Flax 90 AN 5830 5282 4733
Flax 90 CRU 5633 5381 4323
Pea 0 4715 3871 3207
Pea 30 AN 5764 4692 4011
Pea 30 CRU 4879 4976 4487
Pea 90 AN 6421 5402 4519
, Pea 90 CRU 4403 5238 4232
LSD (P=0.05) 1215 569 1099
Stubble
Flax 5243 4974 3484
Pea 5236 4836 4091
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
0 4657 4156 2711
30 AN 5543 4741 3424
30 CRU 4854 5342 3900
90 AN - 6125 4976 4626
90 CRU 5018 5309 4277
LSD (P=0.05) 862 408 766
ANOVA df Pr>F
Stubble (S) 1 0.98 0.31 0.11
N Applied (kg ha™") 4 0.0119 <0.0001 0.0003
N*S 4 0.2375 0.5 0.17
Contrasts
Peavs FlaxatO N 0.85 0.0501 0.075
Peavs Flaxat 30 N 0.56 - 08 0.0045
Peavs Flaxat 90 N 0.45 0.96 0.69
AN vs CRU 0.0056 0.48 0.81
ANvs CRU-30Nvs 90N 0.15 0.35 0.13
ONvs30N 0.86 0.0004 0.0068
30Nvs 90N 0.35 0.0027 0.0061
Peavs Flax-ONvs 30 N 0.86 0.14 0.78
Pea vs Flax-30 Nvs 90 N 0.35 0.89 0.0186
Pea at 30 Nvs Flax 90 N 0.34 0.0172 : 0.47
C.V. (%) 15.9 8.1 19.6
* Ammonium nitrate
** Controlled-release urea
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Table B.7. Dry matter yield of the stem/leaf fraction at various sampling dates at the Swift

Current-01 site.
Treatment Sampling Date
N Applied .
Stubble (kg ha™) Anthesis  7DAA* 14DAA  21DAA  28DAA  35DAA
kgha™
Durum 34 1663 2224 1607 1380 1534 1724
Durum 50 1627 2176 1777 1625 1267 2006
Durum 78 1993 2361 1755 2028 1828 2376
Pea 34 1096 1203 1268 1325 1183 1346
Pea 50 1311 1463 1178 1153 1540 1191
Pea 78 1925 1791 2252 1549 1496 2143.
LSD (P=0.05) ns ns 911 ns ns ns
Stubble
Durum 1761 2254 1713 1678 1543 2035
Pea 1444 1486 1566 1343 1407 1560
LSD (P=0.05) ns 712 ns ns ns ns
N Applied (kg ha”")
34 1379 1714 1437 1352 1358 1535
50 1469 1819 1478 1389 1404 1598
78 1959 2076 2003 1789 1662 2260
LSD (P=0.05) ns ns ns ns ns ns
. ANOVA df ) Pr>F
| Stubble (S) 1 0.15 0.0367 0.55 0.16 0.54 0.16
% N Applied (kg ha") 2 0.0866 0.66 0.15 0.25 0.49 0.17
. N'S 2 063 085 0.2 068 044 075
| Contrasts
| 34Nvs50 N 0.73 0.8 0.89 0.89 0.87 0.88
;’@“@é 50Nvs 78 N ‘ 0.0774 0.53 0.1 0.17 0.35 0.12
. Pea vs Durum - 34 N vs 50 N 0.63 0.71 0.67 0.46 0.26 0.59
Pea vs Durum-50Nvs 78 N 0.63 0.86 0.0886 0.99 0.28 0.47
Durum at 50 N vs Pea at 34 N 0.17 0.11 0.25 0.45 0.83 - 0.26
Durum at 78 N vs Pea at 50 N 0.0818 0.14 0.19 0.0421 0.46 0.0545
GC.V. (%) 27.4 37.1 31.2 31.2 31.3 37.9

*Days after anthesis




Table B.8. Dry matter yield of the head fraction at anthesis at the Carman-00, Carman-01,
and Brandon-01 sites.

Treatment Site
Stubble N Appll-?d Carman-00 Carman-01 Brandon-01
(kg ha”)
kg ha™
Fiax 0 810 919 484
Flax 30 AN* 854 901 668
Flax 30 CRU** 885 955 681
Flax 90 AN 810 980 796
Flax 90 CRU 806 994 656
Pea 0 598 746 709
Pea 30 AN 807 883 742
Pea 30 CRU 771 916 685
Pea 90 AN 781 1001 722
Pea 90 CRU 879 834 664
LSD (P=0.05) ns ns 156
Stubble
Flax 833 950 657
Pea 767 876 705
LSD (P=0.05) 59 ns ns
N Applied (kg ha™)
0 704 832 597
30 AN 831 892 705
30 CRU 828 991 683
90 AN 796 935 759
90 CRU 842 914 660
LSD (P=0.05) 93 ns 87
ANOVA df Pr>F v
Stubble (S) 1 0.0266 0.2 0.54
N Applied (kg ha™) 4 0.0324 0.0926 0.0132
N*S 4 0.0511 0.31 0.0211
Contrasts
Peavs FlaxatO N 0.0018 0.0403 0.0061
Pea vs Flax at 30 N 0.0732 - 0.62 0.47
Peavs Flaxat 90 N 0.61 0.23 0.55
AN vs CRU 0.49 0.67 0.0545
ANvs CRU-30Nvs 90 N 0.45 0.13 0.22
ONvs30N 0.0037 0.0971 0.0137
30Nvs 90 N 0.74 0.33 0.61
Peavs Flax-0Nvs 30 N 0.11 0.14 0.0177
Peavs Flax-30 Nvs 90 N 0.12 0.6 0.24
Pea at 30 N vs Flax 90 N 0.67 0.14 0.82
C.V. (%) 11.3 12.0 12.4

* Ammonium nitrate

** Controlled-release urea
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Table B.9. Dry matter yield of the head fraction 7 days after anthesis at the Carman-00,
Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kg ha'")
kg ha™
Flax 0 1296 1442 632
Flax 30 AN* 1421 1628 714
Flax 30 CRU™ 1394 1616 910
Flax 90 AN 1141 1716 1140
Flax 90 CRU 1461 1702 943
Pea 0 1184 1453 968
Pea 30 AN 1320 1517 1025
Pea 30 CRU 1141 1657 992
Pea 90 AN 1337 1619 1230
Pea 90 CRU 1293 1576 1124
LSD (P=0.05) ns ns 218
Stubble
Flax 1343 1621 868
Pea 12565 1564 1068
LSD (P=0.05) ns ns ns
N Applied (kg ha™")
0 1240 1448 800
30 AN 1371 1573 869
30 CRU 1267 1637 951
90 AN - 1239 1667 1185
90 CRU 1377 1639 1033
LSD (P=0.05) ns 145 124
ANOVA df Pr>F
Stubble (S) 1 0.53 0.0446 0.12
N Applied (kg ha™) 4 0.42 0.0322 <0.0001
N*S 4 0.23 0.67 0.13
- Contrasts
Peavs FlaxatO N 0.49 0.91 0.0038
Peavs Flax at 30 N 0.13 - 0.6 0.0141
Pea vs Flaxat 90 N 0.9 0.11 0.0823
AN vs CRU 0.81 0.72 0.42 |
ANvs CRU-30Nvs 90N 0.0943 0.36 0.0113 |
ONvs30N 0.36 0.0163 0.0442
30N vs 90 N 0.87 0.34 <0.0001
Peavs Flax-ONvs 30 N 0.7 0.7 0.19
Pea vs Flax-30 Nvs 90 N 0.18 0.45 0.48
Pea at 30 N vs Flax 90 N 0.54 0.0783 0.67
C.V. (%) 15.0 8.8 12.4

* Ammonium nitrate

** Controlled-release urea |
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Table B.10. Dry matter yield of the head fraction 14 days after anthesis at the Carman-00,

Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kgha")
kg ha
Flax 0 2293 3096 1222
Flax 30 AN* 2672 3687 1435
Flax 30 CRU* 2666 3600 15650
Flax 90 AN 2298 3454 2075
Flax 90 CRU 2318 3466 1804
Pea 0 2367 2756 1796
Pea 30 AN 2113 3364 1706
Pea 30 CRU 2201 2941 1706
Pea 90 AN 2293 3130 1944
Pea 90 CRU 2457 2743 1558
LSD (P=0.05) ns 611 364
Stubble
Flax 2449 3460 1617
Pea 2286 2987 1742
LSD (P=0.05) ns ns ns
N Applied (kg ha™")
0 2330 2926 1509
30 AN 2393 3525 1671
30 CRU 2434 3270 1628
90 AN - 2296 3292 2010
90 CRU 2388 3104 1681
LSD (P=0.05) ns ns 249
ANOVA df Pr>F
Stubble (S) 1 0.0889 0.0775 0.3
N Applied (kg ha™) 4 0.98 0.0677 0.0035
N*S 4 0.52 0.73 0.018
Contrasts
Peavs FlaxatO N 0.83 - 0.26 0.0032
Pea vs Flax at 30 N 0.0425 0.0274 0.1
Peavs Flaxat 90 N 0.78 0.0194 0.14
AN vs CRU 0.71 0.13 0.13
AN vs CRU-30Nvs 90N 0.89 0.81 0.0331
ONvs30N 0.71 0.0117 0.4
30Nvs 90 N 0.69 017 0.0081
Peavs Flax-ONvs 30 N 0.19 0.67 0.0968
Peavs Flax-30 Nvs 90 N 0.12 0.91 0.0269
Pea at 30 Nvs Flax 90 N 0.54 0.16 0.073
C.V. (%) 21.3 12.4 144
* Ammonium nitrate
** Controlled-release urea
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Table B.11. Dry matter yield of the head fraction 21 days after anthesis at the Carman-00,
Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N Appl[?d Carman-00 Carman-01 Brandon-01
(kg ha™)
kg ha™
Flax 0 2756 4987 1788
Flax 30 AN* 3691 5337 2338
Flax 30 CRU** 3691 5151 2190
Flax 90 AN 3248 5654 2846
Flax - 90 CRU 3675 5435 2748
Pea 0 3625 5009 2871
Pea 30 AN 3297 5151 3018
Pea 30 CRU 3461 5304 2781
Pea 90 AN 3478 5184 2912
Pea 90 CRU 3986 4954 2731
LSD (P=0.05) ns ns 663
Stubble
Flax 3412 5321 2382
Pea 3570 5120 2863
LSD (P=0.05) ns ns ns
N Applied (kg ha™")
0 3191 4998 2329
30 AN 3494 5244 2678
30 CRU 3576 5227 2485
90 AN - 3363 5419 2879
90 CRU 3830 5195 2740
LSD (P=0.05) ns ns 324
ANOVA df Pr>F
Stubble (S) 1 0.56 0.54 0.24
N Applied (kg ha™) 4 0.74 0.42 0.0156
N*S 4 0.71 0.47 0.0099
Contrasts
Peavs FlaxatO N 0.2 - 0.95 0.0024
Peavs Flaxat 30 N 0.52 0.95 0.0097
Peavs Flaxat 90 N 0.57 0.065 0.92
AN vs CRU 0.43 0.43 0.15
ANvs CRU-30Nvs 90 N 0.58 0.49 0.82
ONvs30N 0.42 0.2 0.0758
30N vs 90 N 0.86 0.64 0.0513
Peavs Flax-ONvs 30 N 0.17 0.92 0.11
Peavs Flax-30 Nvs 90 N ' 0.4 0.14 0.0111
Pea at 30 N vs Flax 90 N 0.86 0.21 0.66
C.V. (%) 27.7 8.1 12.0
* Ammonium nitrate '
** Controlled-release urea
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Table B.12. Dry matter yield of the head fraction 28 days after anthesis at the Carman-00,
Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N Apph_?d Carman-00 Carman-01 Brandon-01
(kg ha)
kg ha™
Flax 0 nd.t 5173 2124
Flax 30 AN* nd. 5069 2748
Flax 30 CRU** nd. 4965 2740
Flax 90 AN n.d. 5140 3494
Flax 90 CRU n.d. 5091 3305
Pea 0 n.d. 4768 3330
Pea 30 AN n.d. 4681 3830
Pea 30 CRU nd. 4998 3428
;§ Pea 90 AN n.d. 5594 4126
| Pea 90 CRU n.d. 4779 3527
. LSD (P=0.05) n.d. ns 937
. Stubble
. Flax n.d. 5087 2882
| Pea n.d. 4964 3648
LSD (P=0.05) n.d. ns ns
. N Applied (kg ha™)
i§ 0 n.d. 4970 2727
. 30 AN nd. 4875 3289
‘ 30 CRU n.d. 4981 3084
90 AN - n.d. 5367 3810
90 CRU nd. 4935 3416
L.SD (P=0.05) n.d. ns 511
ANOVA df Pr>F
Stubble (S) 1 nd. 0.83 0.17
N Applied (kg ha™) 4 n.d. 0.63 0.0035
N*S ‘ 4 n.d. 0.68 0.32
Contrasts
Peavs FlaxatON nd. 0.51 0.0136
Pea vs Flax at 30 N n.d.  0.68 0.0106
Pea vs Flaxat 90 N n.d. 0.87 0.2
AN vs CRU n.d. 0.51 0.1
ANvs CRU-30Nvs 90 N n.d. 0.28 0.6
ONvs30N : n.d. 0.89 0.0425
30N vs 90 N n.d. 0.37 0.0226
Peavs Flax-ONvs 30N n.d. 0.71 0.46
Peavs Flax-30 Nvs 90 N n.d. 0.61 0.2
Pea at 30 N vs Flax 90 N n.d. 0.52 0.48
C.V. (%) n.d. 13.7 15.2

* Ammonium nitrate
** Controlled-release urea
1 No data were collected.
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Table B.13. Dry matter yield of the head fraction 35 days after anthesis at the Carman-00,
Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kg ha’)
kg ha™
Flax 0 4610 5227 2772
Flax 30 AN* 4724 5206 3191
Flax 30 CRU™ 4577 5173 3560
Flax 90 AN 3970 5162 4314
Flax 90 CRU 4741 5402 4076
Pea 0 4938 4506 3519
Pea 30 AN 4708 4888 4175
Pea 30 CRU 4528 5107 3978
Pea 90 AN 5135 5337 3420
Pea 90 CRU 3822 4834 3945
LSD (P=0.05) ns ns ns
Stubble
Flax 4524 5234 3583
Pea 4626 4934 3807
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
0 4774 4867 ' 3146
30 AN 4716 5047 3683
30 CRU 4552 5140 3769
90 AN - 4552 5249 3867
90 CRU 4281 5118 4011
LSD (P=0.05) ns ns ns
ANOVA df Pr>F
Stubble (S) 1 07 0.49 0.49
N Applied (kg ha™®) - 4 . 0.8 0.64 0.1
N*S 4 0.21 0.4 0.0474
Contrasts
Peavs FlaxatO N 0.58 0.11 0.13
Pea vs Flax at 30 N 0.94 054 0.0454
Pea vs Flax at 90 N 0.77 0.53 0.14
AN vs CRU 0.47 0.92 0.61
ANvs CRU-30Nvs 90N 0.86 0.53 0.9
ONvs30N 0.71 0.31 0.045
30Nvs 90N 0.47 0.62 0.35
Peavs Flax-ONvs 30N 0.63 0.24 0.94
Peavs Flax-30Nvs 90 N 0.8 0.99 0.0122
Pea at 30 N vs Flax 90 N 0.54 0.37 0.72
C.V. (%) 18.5 9.9 17.1

* Ammonium nitrate

** Controlled-release urea
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Table B.14. Dry matter yield of the stem/leaf fraction at various sampling dates at the Swift
Current-01 site.
Treatment Sampling Date

*Days after anthesis

Stubble "('k'gp:a"_?;’ Anthesis 7DAA* 14DAA  21DAA  28DAA  35DAA
kg ha
Durum 34 710 1802 2063 2710 2660 3210
Durum 50 755 1798 2282 2758 2488 3312
Durum 78 769 1581 2009 3118 3113 3704
Pea 34 556 1067 1798 2282 2098 3035
Pea 50 578 1064 1320 2287 2493 2391
Pea 78 748 1410 2470 2511 3000 4025
LSD (P=0.05) ns ns ns ns ns ns
m Stubble
%% Durum 745 1727 2118 2862 2754 3409
:@ Pea 627 1180 1863 2360 2530 - 3150
. LSD (P=0.05) ns 385 ns ns ns ns
§ N Applied (kg ha")
| 34 633 1434 1930 2496 2379 3122
50 666 1431 1801 2522 2490 2852
78 758 1496 2239 2814 3057 3865
§ LSD (P=0.05) ns ns ns ns ns ns
% ANOVA ‘ df Pr>F
% Stubble (S) 1 0.28 0.0093 0.29 0.23 0.48 0.53
§§ N Applied (kg ha™) 2 0.6 0.95 0.31 0.77 0.19 0.14
v N*S 2 0.8 0.36 0.0775 0.98 0.73 0.47
§ Contrasts
% 34Nvs50N .08 0.99 0.66 0.96 0.77 0.59
§§ 50Nvs 78 N 0.48 0.78 0.15 0.56 0.16 0.0612
% Peavs Durum-34 Nvs 50N 0.93 1 0.24 0.97 0.46 0.46
% Peavs Durum-50Nvs 78 N 0.55 0.22 0.0266 0.89 0.88 0.23
% Durum at 50 N vs Pea at 34 N 029  0.0343 025 0.5 0.48 0.7
' % Durum at 78 N vs Pea at 50 N 0.3 0.12 0.11 0.25 0.26 0.0827
% C.V. (%) 31.8 25.8 24.5 32.0 24.5 25.9
-
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Table B.15. Aboveground plant dry matter yield at the flag leaf stage at the Carman-00,
Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Apphfd Carman-00 Carman-01 Brandon-01
(kg ha')
kg ha™
Flax 0 nd.t 3642 1952
Flax 30 AN* n.d. 4659 2822
Flax 30 CRU* n.d. 4199 2797
Flax 90 AN n.d. 5326 3937
Flax 90 CRU n.d. 4538 3100
Pea 0 n.d. 2876 3133
Pea 30 AN n.d. 3521 3412
Pea " 30CRU n.d. 4276 3502
Pea 90 AN n.d. 4713 3921
Pea 90 CRU n.d. 4232 3986
LSD (P=0.05) n.d. 928 660
Stubble
Flax - nd. 4473 2922
Pea n.d. 3924 3591
LSD (P=0.05) n.d. ns 312
N Applied (kg ha™)
0 n.d. 3259 2543
30 AN n.d. 4090 3117
30 CRU n.d. 4238 3150
90 AN - n.d. 5020 3929
90 CRU n.d. 4385 3543
. LSD (P=0.05) n.d. 572 494
§ ANOVA df Pr>F
| Stubble (S) 1 n.d. 0.21 0.0013
. N Applied (kg ha) 4 nd. <0.0001 0.0001
N*S 4 n.d. 0.27 0.18
Contrasts
Peavs Flaxat O N n.d. 041 0.001
Peavs Flaxat 30 N n.d. 0.11 0.0083
Pea vs Flax at 90 N n.d. 0.16 0.0666
AN vs CRU nd. 0.23 0.31
ANvs CRU-30Nvs 90N nd. 0.0576 0.23
ONvs30N n.d. 0.0009 0.0088
30N vs 90 N n.d. 0.0112 0.0016
Peavs Flax-ONvs 30N n.d. 0.63 0.21
Pea vs Flax-30 Nvs 90 N n.d. 0.86 0.53
Pea at 30 N vs Flax 90 N n.d. 0.0032 0.79
C.V. (%) n.d.

* Ammonium nitrate

** Controlled-release urea
T No data were collected.
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Table B.16. Aboveground plant dry matter yield at anthesis at the Carman-00, Carman-01, and
Brandon-01 sites.
Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
kg ha™
Flax 0 . 5143 5487 2846
Flax 30 AN* 5536 5806 4072
Flax 30 CRU** 5561 6089 4179
Flax 90 AN 6176 6549 5364
Flax 90 CRU 5627 6432 4470
Pea 0 4183 4789 4388
Pea 30 AN 5848 5682 5016
Pea 30 CRU 5897 6108 4482
Pea 90 AN 6578 6579 5184
Pea 90 CRU 5823 5911 5294
LSD (P=0.05) 786 ns 770
Stubble
Flax 5609 6073 4186
Pea : 5666 5814 4873
LSD (P=0.05) ns ns . 337
N Applied (kg ha’)
0 4663 5138 3617
30 AN 5692 5744 4544
30 CRU 5729 6099 4331
. 90AN - 6377 6564 5274
. 90 CRU 5725 6172 4882
LSD (P=0.05) 560 - 662 533
ANOVA df Pr>F
Stubble (S) 1 0.76 0.24 0.042
N Applied (kg ha™") 4 <0.0001 0.0025 <0.0001
N*S 4 0.0959 0.71 0.03
Contrasts
Peavs Flaxat O N 0.0186 - 013 0.0003
Peavs Flax at 30 N 0.24 0.87 0.0264
. Pea vs Flax at 90 N 0.28 0.44 0.24
AN vs CRU 0.12 0.93 0.11
ANvs CRU-30Nvs 90N 0.0854 0.1 0.63
ONvs30N 0.0002 0.0095 0.0012
30Nvs 90N 0.0889 0.0605 0.0018
Peavs Flax-0Nvs 30 N 0.0117 0.26 0.0509
Peavs Flax-30 Nvs 90 N 0.95 0.67 0.42
Pea at 30 N vs Flax 90 N 0.92 0.0707 0.53
C.V. (%) 9.6 10.8 11.4

* Ammonium nitrate

** Gontrolled-release urea




Table B.17. Aboveground plant dry matter yield 7 days after anthesis at the Carman-00,

Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kgha’)
kg ha™
Flax 0 6519 6506 2871
Flax 30 AN~ 7711 7250 3707
Flax 30 CRU* 7421 7456 4634
Flax 90 AN 7332 8201 6644
Flax 90 CRU 9079 7913 5184
Pea 0 6949 6626 5011
Pea 30 AN 8249 7313 5873
Pea 30 CRU 7299 7923 5545
Pea 90 AN 8873 7633 7177
Pea 90 CRU 7467 7700 6471
LSD (P=0.05) ns ns 1085
Stubble
Flax 7612 7465 4608
Pea 7768 7439 6015
LSD (P=0.05) ns ns 453
N Applied (kg ha™")
0 6734 6566 3941
30 AN 7980 7281 4790
30 CRU 7360 7690 5089
90 AN 8103 7917 6910
90 CRU 8273 7807 5828
LSD (P=0.05) 1028 734 716
ANOVA df Pr>F
Stubble (S) 1 0.81 0.94 0.0263
N Applied (kg ha™") 4 0.0286 0.0055 <0.0001
N*S 4 0.0552 0.67 0.0973
Contrasts
Peavs Flaxat O N 0.59 0.82 0.0004
Peavs Flaxat 30 N 0.71 0.49 0.0003
Peavs Flaxat 90 N 0.95 0.31 0.0218
AN vs CRU 0.53 0.56 0.12
ANvs CRU-30Nvs90 N 0.27 0.31 0.0096
ONvs30N 0.0401 0.0064 0.0029
30N vs 90 N 0.15 0.15 <0.0001
Peavs Flax-ONvs 30N 0.8 0.82 0.33
Peavs Flax-30 Nvs 90 N 0.73 0.21 0.21
Pea at 30 Nvs Flax90 N 0.45 0.26 0.59
C.V. (%) 12.9 9.5 13.1

* Ammonium nitrate

** Controlled-release urea
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Table B.18. Aboveground plant dry matter yield 14 days after anthesis at the Carman-00,
Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
kg ha™
Flax 0 7976 8630 3798
Flax 30 AN* 9847 10008 5200
Flax 30 CRU** 9890 10009 5159
Flax 90 AN 9802 9928 8227
Flax 90 CRU 9460 9918 6324
Pea 0 9263 7830 6463
Pea 30 AN 8927 9773 6578
Pea 30 CRU 9426 8453 6422
Pea 90 AN 10174 9342 7513
Pea 90 CRU 9009 8134 6447
LSD (P=0.05) ns 1517 1567
Stubble
Flax 9395 6998 5741
Pea 9360 8706 6685
LSD (P=0.05) ns ns ns
N Applied (kg ha™")
0 8620 8230 5130
30 AN 9387 9890 5889
30 CRU 9658 9231 5791
90 AN - 9988 9635 7870
90 CRU 9235 9026 6385
LSD (P=0.05) ns 1064 1038
ANOVA df Pr>F
Stubble (S) 1 0.92 0.0727 0.15
N Applied (kg ha™") 4 0.52 0.0351 0.0002
N*S 4 0.67 0.53 0.0274
Contrasts
Peavs FlaxatO N 0.25 0.29 0.0017
Peavs Flaxat 30 N 0.38 0.0981 0.0213
Peavs Flaxat90 N 0.96 0.0316 0.59
AN vs CRU 0.67 0.0948 0.0357
ANvs CRU-30Nvs 90N 037 0.95 0.0631
ONvs 30N 0.2 0.0065 0.12
30N vs 90 N 0.88 0.53 0.0014
Peavs Flax-ONvs 30 N 0.16 0.92 0.14
Peavs Flax-30 Nvs 90 N 0.57 0.7 0.0324
Pea at 30 N vs Flax 90 N 0.56 0.13 0.16
C.V. (%) 17.0 11.2 16.2
* Ammonium nitrate
** Controlled-release urea
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Table B.19. Aboveground plant dry matter yield 21 days after anthesis at the Carman-00,
Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kgha”)
kg ha™
Flax 0 6962 10531 4224
Flax 30 AN* 9603 11691 5947
Flax 30 CRU** 9537 11286 5381
Flax 90 AN 9980 12839 8219
Flax 90 CRU 10440 12139 7456
Pea 0 9685 10728 7513
Pea 30 AN 9587 11592 8342
Pea 30 CRU 9423 11483 7603
Pea 90 AN 10850 11866 8620
Pea 90 CRU 10686 11319 7587
LSD (P=0.05) ns ns 1771
Stubble
Flax 9304 11697 6245
Pea 10046 11398 7933
LSD (P=0.05) ns ns ns
N Applied (kg ha™")
0 8323 10630 5869
30 AN 9595 11642 7144
30 CRU 9480 11385 6492
90 AN i 10415 12352 8419
90 CRU 10563 11729 7521
: LSD (P=0.05) ns 870 897
ANOVA df Pr>F :
Stubble (S) 1 0.25 0.54 0.14
N Applied (kg ha™") 4 0.18 0.0084 <0.0001
N*S 4 0.58 0.49 0.0049
Contrasts
Peavs FlaxatO N 0.0537 - 0.76 0.0007
Pea vs Flaxat 30 N 0.95 0.92 0.0008
Pea vs Flax at 90 N 0.56 0.0614 0.67
AN vs CRU 0.98 0.15 0.0187
ANvs CRU-30Nvs 90 N , 0.85 0.54 0.69
ONvs30N 0.16 0.0235 0.0187
30Nvs 90N 0.18 0.0893 0.001
PeavsFlax-ONvs 30N 0.11 0.84 0.21
Peavs Flax-30 Nvs 90 N 0.65 0.13 0.0028
Pea at 30 N vs Flax 90 N 0.47 0.0481 0.83
C.V. (%) 20.0 7.3 12.3
* Ammonium nitrate
** Controlled-release urea




Table B.20. Aboveground plant dry matter yield 28 days after anthesis at the Carman-00,

Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
kg ha™
Flax 0 nd.! 9843 4158
Flax 30 AN* n.d. 10389 5495
Flax 30 CRU** n.d. 10007 5553
Flax 90 AN n.d. 10521 7923
Flax 90 CRU n.d. 10608 7308
Pea 0 n.d. 9525 6759
Pea 30 AN n.d. 9465 8005
Pea 30 CRU n.d. 10318 7792
Pea 90 AN n.d. 11210 9531
Pea 90 CRU n.d. 10296 8120
LSD (P=0.05) n.d. ns 1933
Stubble
Flax n.d. 10273 6088
Pea n.d. 10163 8041
LSD (P=0.05) n.d. ns ns
N Applied (kg ha™")
0 n.d. 9684 5458
30 AN n.d. 9927 6750
30 CRU n.d. 10162 6672
90 AN n.d. 10865 8727
90 CRU n.d. 10452 7714
LSD (P=0.05) n.d. ns 1244
ANOVA df Pr>F
Stubble (S) 1 n.d. 0.9 0.0594
N Applied (kg ha™) 4 n.d. 0.35 0.0002
N*S 4 n.d. 0.71 0.56
Contrasts
Peavs FlaxatO N n.d. 0.76 0.0103
Pea vs Flaxat 30 N n.d. - 0.67 0.0014
Pea vs Flax at 90 N n.d. 0.79 0.0805
AN vs CRU n.d. 0.84 0.21
ANvs CRU-30Nvs 90N n.d. 0.45 0.28
ONvs30N n.d. 0.49 0.0245
30Nvs 90N n.d. 0.16 0.0017
Peavs Flax-ONvs 30N n.d. 0.99 0.83
Pea vs Flax- 30 Nvs 90 N n.d. 0.56 0.18
Peaat 30 Nvs Flax 90 N n.d. 0.36 0.67
C.V. (%) n.d. 11.7 17.1

* Ammonium nitrate
** Controlled-release urea
1 No data were collected.
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Table B.21. Aboveground plant dry matter yield 35 days after anthesis at the Carman-00,
Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Apph.?d Carman-00 Carman-01 Brandon-01
(kgha)
kg ha™
Flax 0 9209 9668 4987
Flax 30 AN* 10046 9996 6029
Flax 30 CRU* 9406 10149 6873
Flax 90 AN 9800 10444 9047
Flax 90 CRU 10374 10783 8399
Pea 0 9652 8377 6726
Pea 30 AN 10472 9580 8186
Pea 30 CRU 9406 10083 8465
Pea 90 AN 11555 10739 7940
Pea 90 CRU 8225 10072 8177
LSD (P=0.05) ns ns 1777
Stubble -
Flax 9767 10208 7067
Pea 9862 9770 7899
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
0 .9431 9022 5856
30 AN 10259 9788 7107
30 CRU 9406 10116 7669
90 AN - 10677 10592 8493
90 CRU . 9300 10428 8288
LSD (P=0.05) ns 863 1251
ANOVA df Pr>F
Stubble (S) 1 0.86 0.42 0.14
N Applied (kg ha™) 4 0.3 0.0081 0.0015
N*S 4 0.18 0.4 0.0528
Contrasts
Peavs FlaxatO N 0.69 0.0608 0.0548
Peavs Flaxat 30 N 0.78 - 0.61 0.005
Pea vs Flaxat 90 N 0.8 0.66 0.29
AN vs CRU 0.0502 0.78 0.68
ANvs CRU-30Nvs90N 0.63 0.41 0.38
ONvs30N 0.55 0.0169 0.0075
30Nvs 90 N 0.78 0.0714 0.028
Peavs Flax-ONvs 30 N 0.86 0.16 0.9
Peavs Flax-30 Nvs 90 N 0.7 0.96 0.0068
Pea at 30 N vs Flax 90 N 0.85 0.1 0.52
C.V. (%) 15.9 8.4 16.2
* Ammonium nitrate
** Controlled-release urea




Table B.22. Aboveground plant dry matter yield at various sampling dates at the Swift Current-01 site.

Treatment Sampling Date
Stubble '\('kgptf:.?;' Flagleaf  Anthesis  7DAA* 14DAA 21DAA 28DAA 35DAA
B kg ha™
Durum 34 586 2373 4026 3670 4090 4194 4935
Durum 50 643 2382 3973 4059 4383 3755 5318
Durum 78 687 2762 3942 3763 5146 4941 6080
Pea 34 471 1653 2270 3066 3608 3280 4381
Pea 50 239 1889 2527 2498 3440 4033 3582
Pea 78 438 2673 3201 4722 4061 4497 6168
LSD (P=0.05) ns ns ns ns ns ns ns
Stubble
Durum 638 2506 3980 3831 4540 4297 5444
Pea 383 2071 2666 3428 3703 3937 4710
LSD (P=0.05) ns ns 1009 ns ns ns ns
N Applied (kg ha™) ‘
34 528 2013 3148 3368 3849 3737 4658
50 441 2135 3250 3279 3912 3894 4450
78 562 2717 3571 4242 4603 4719 6124
LSD (P=0.05) ns ns ns ns ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.0814 0.17 0.0149 0.38 0.19 0.48 0.32
N Applied (kg ha™) 2 0.75 0.16 0.74 0.19 0.54 0.25 0.16
N*S 2 0.69 0.69 0.67 0.1 0.91 0.62 0.59
Contrasts
34Nvs50 N 0.6 0.74 0.86 0.87 0.93 0.8 0.82
50Nvs 78 N 0.47 0.14 0.58 0.1 0.36 0.19 0.0799
Pea vs Durum-34 Nvs 50 N 0.4 0.76 0.79 0.39 0.76 0.34 0.51
Peavs Durum-50Nvs 78 N 0.65 0.59 0.55 0.0379 0.92 0.56 0.32
Durum at 50 Nvs Pea at 34 N 0.48 0.18 0.0552 0.22 0.47 0.59 0.46
Durum at 78 Nvs Pea at 50 N 0.0784 0.12 0.1 0.12 0.13 0.31 0.0665
C.V. (%) 55.8 27.7 29.6 25.8 30.8 25.2 29.9

*Days after anthesis
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Table B.23. Aboveground dry matter accumulation between anthesis and 35 days after
anthesis at the Carman-00, Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Apph.?d Carman-00 Carman-01 Brandon-01
(kg ha™)
kg ha™
Flax 0 4067 4180 2141
Flax 30 AN* 4510 4189 1956
Flax 30 CRU* 3845 4059 2694
Flax 90 AN 3624 3895 3683
Flax 90 CRU 4747 4351 3929
Pea 0 5469 3588 2338
Pea 30 AN 4624 3898 3170
Pea 30 CRU 3509 3975 3982
Pea 90 AN 4977 4160 2756
Pea 90 CRU 2402 4161 2883
LSD (P=0.05) ns ns ns
Stubble
Flax 4158 4135 2881
Pea 4196 3957 3026
LSD (P=0.05) ns ns ns
N Applied (kg ha™")
0 4768 3884 2239
30 AN 4567 4044 2563
30 CRU 3677 4017 3338
90 AN - 4300 4028 3219
90 CRU 3574 4256 3406
LSD (P=0.05) ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.93 0.62 0.69
N Applied (kg ha™) 4 0.5 0.96 0.23
N*S 4 0.16 0.93 0.17
Contrasts
PeavsFlaxatON 0.22 0.4 0.82
Pea vs Flax at 30 N 0.89 07 0.0434
Peavs Flaxat 90 N 0.54 0.94 01
AN vs CRU 0.17 0.77 0.27
ANvs CRU-30Nvs 90N 0.89 0.71 0.49
ONvs30N 0.37 0.73 0.18
30Nvs 90 N 0.75 0.75 0.4
Peavs Flax-ONvs 30 N 0.29 0.64 0.32
Peavs Flax- 30 Nvs 90 N 0.74 0.75 0.0143
Pea at 30 N vs Flax 90 N 0.88 0.71 0.7
C.V. (%) 38.9 241 40.5
* Ammonium nitrate
** Controlled-release urea




Table B.24. Post-anthesis aboveground dry matter accumulation as a percentage of

aboveground plant dry matter yield 35 days after anthesis at the Carman-00,
Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kgha’)
Flax 0 435 42.6 421
Flax 30 AN* 413 41.8 32.1
Flax 30 CRU* 40.4 39.8 38.5
Flax 90 AN 36.9 36.4 39.1
Flax 90 CRU 441 40.2 46.7
Pea 0 55.4 42.8 34.0
Pea 30 AN 438 39.9 38.3
Pea 30 CRU 35.3 39.0 457
Pea 90 AN 416 38.0 33.7
Pea 90 CRU 28.0 411 33.8
LSD (P=0.05) ns ns ns
Stubble
Flax 1.2 40.2 39.7
Pea 40.8 40.2 371
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
0 49.4 427 38.1
30 AN 425 40.8 35.2
30 CRU 37.9 39.4 421
90 AN 39.2 37.2 36.4
90 CRU 36.1 40.7 40.3
LSD (P=0.05) ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.89 1 0.27
N Applied (kg ha™") 4 0.18 0.73 0.63
N*S 4 0.17 0.99 0.2
Contrasts
Peavs FlaxatO N 0.14 - 0.97 0.24
Peavs Flaxat 30 N 0.82 0.74 0.17
Pea vs Flax at 90 N 0.31 0.75 0.0646
AN vs CRU 0.34 0.72 0.14
ANvs CRU-30Nvs 90N 0.86 04 0.67
ONvs30N 0.072 0.46 0.89
30Nvs 90N 0.53 0.69 0.92
Peavs Flax-ONvs 30 N 0.19 0.83 0.1
Pea vs Flax- 30 Nvs 90 N 0.59 0.66 0.0322
Pea at 30 N vs Flax 90 N 0.87 0.78 0.85
C.V. (%) 27.7 20.1 25.7

* Ammonium nitrate

** Controlled-release urea
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Table B.25. Ratio of head dry matter yield to total aboveground plant dry matter yield 35
days after anthesis at the Carman-00, Carman-01, and Brandon-01 sites.
Treatment Site
N Applied
Stubble - Carman-00 Carman-01 Brandon-01
(kg ha™)
Flax 0 0.50 0.54 0.56
Flax 30 AN* 0.47 0.52 0.53
Flax 30 CRU** 0.49 0.51 0.52
Flax 90 AN 0.40 0.49 0.48
Flax 90 CRU 0.46 0.50 0.48
Pea 0 0.51 0.54 0.52
Pea 30 AN 0.45 0.51 0.51
Pea 30 CRU 0.48 0.50 0.48
Pea 90 AN 0.44 0.50 0.42
Pea 90 CRU 0.47 0.48 0.49
LSD (P=0.05) 0.05 0.04 ns
Stubble
Flax _ 0.46 0.51 0.51
Pea 0.47 0.51 0.48
LSD (P=0.05) ns ns ns
N Applied (kg ha™") '
0 0.51 0.54 0.54
30 AN 0.46 0.51 0.52
30 CRU 0.48 0.51 0.50
90 AN . 0.42 0.49 0.45
90 CRU 0.46 0.49 0.49
LSD (P=0.05) 0.04 0.02 0.05
ANOVA df Pr>F
Stubble (S) 1 0.35 0.66 0.29
N Applied (kg ha™") 4 0.0013 0.000t 0.0097
N*S 4 0.52 0.69 0.74
Contrasts
Peavs FlaxatO N 0.49 0.77 0.34
Pea vs Flax at 30 N 0.48 - 0.54 0.27
Pea vs Flax at 90 N 0.17 0.42 0.29
AN vs CRU 0.0225 0.26 0.69
ANvs CRU-30Nvs 90N 0.63 1 0.0814
ONvs30N 0.0251 0.0009 0.14
30Nvs 90N 0.0278 0.0121 0.0238
Peavs Flax-ONvs 30 N 0.35 0.88 0.88
Peavs Flax-30 Nvs 90 N _ 0.16 0.85 0.97
Pea at 30 N vs Flax 90 N 0.0487 0.48 0.63
C.V. (%) 7.8 3.6 9.6
* Ammonium nitrate
** Controlled-release urea




Table B.26. Ratio of head dry matter yield to stem/leaf dry matter yield 35 days after
anthesis at the Carman-00, Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
Flax 0 1.00 1.18 1.25
Flax 30 AN* 0.90 1.09 1.13
Fiax 30 CRU** 0.95 1.04 1.08
Flax 90 AN 0.69 0.97 0.92
Flax 90 CRU 0.85 1.01 0.95
Pea 0 1.06 117 1.10
Pea 30 AN 0.83 1.04 1.05
Pea 30 CRU 0.94 1.03 0.92
Pea 90 AN 0.79 0.98 0.79
Pea ~ 90 CRU 0.89 0.92 0.96
LSD (P=0.05) 0.16 0.14 0.21
Stubbie :
Flax 0.87 1.06 1.07
Pea 0.90 1.08 0.97
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
0 1.03 1.17 1.18
30 AN 0.86 1.06 1.09
30 CRU 0.94 1.03 1.00
90 AN 0.74 0.98 0.86
90 CRU 0.87 0.96 0.95
LSD (P=0.05) 0.12 0.08 0.14
ANOVA df Pr>F
Stubble (S) 1 0.35 0.67 0.25
N Applied (kg ha™") 4 0.0008 <0.0001 0.0009
N*S 4 0.61 0.69 0.68
Contrasts
Peavs FlaxatON 0.4 0.85 0.17
Peavs Flaxat 30 N 0.52 '0.55 0.1
Peavs Flaxat 90 N 0.19 0.44 0.44
AN vs CRU 0.0185 0.38 0.97
ANvs CRU-30Nvs SO N 0.56 0.75 0.0576
ONvs30N 0.0191 0.0006 0.0327
30Nvs 90N 0.0243 0.0057 0.0073
Peavs Flax-ONvs 30 N 0.31 0.8 0.83
Pea vs Flax - 30 Nvs 90 N 0.19 0.87 0.51
Pea at 30 N vs Flax 90 N 0.0458 0.35 0.49
C.V. (%) 13.0 7.0 13.3

* Ammonium nitrate

** Controlled-release urea
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Table B.27. Average head mass 35 days after anthesis at the Carman-00, Carman-01,
and Brandon-01 sites.
Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kg ha”)
----------------------- g head™
Flax 0 0.93 0.86 0.77
Flax 30 AN* 0.89 0.84 0.82
Flax 30 CRU*™ 0.87 0.80 0.83
Flax 90 AN 0.80 0.83 0.79
Flax 90 CRU 0.88 0.78 0.81
Pea 0 0.96 0.85 0.85
Pea 30 AN 0.90 0.78 0.89
Pea 30 CRU 0.90 0.75 0.83
Pea 90 AN 0.87 0.82 0.73
Pea 90 CRU 0.92 0.71 0.77
LSD (P=0.05) ns ns ns
Stubble
Flax 0.88 0.82 0.80
Pea 0.91 0.78 0.81
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
0 0.95 0.86 0.81
30 AN 0.90 0.81 0.85
30 CRU 0.88 0.78 0.83
90 AN : 0.84 0.82 0.76
90 CRU 0.90 0.74 0.79
LSD (P=0.05) ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.12 0.28 0.76
N Applied (kg ha™") 4 0.37 0.12 0.26
N*S 4 0.99 0.95 0.23
Contrasts
Peavs FlaxatO N 0.71 1 0.12
Pea vs Flaxat 30 N 0.7 " 0.2 0.41
Peavs Flax at 90 N 0.33 0.33 0.27
AN vs CRU 0.51 0.11 0.51
AN vs CRU-30 Nvs 90 N 0.3 0.48 0.28
ONvs30N 0.24 0.0653 0.38
30N vs 90 N 0.53 0.82 0.0578
PeavsFlax-ONvs 30 N 0.94 0.45 0.38
Peavs Flax-30 Nvs 90 N 0.69 0.82 0.13
Pea at 30 N vs Flax 90 N ’ 0.26 0.33 0.27
C.V. (%) 12.2 9.4 9.9
* Ammonium nitrate
** Controlled-release urea
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Table B.28. Average number of heads per m? at the Carman-00, Carman-01, and
Brandon-01 sites.
Treatrment Site
Stubble N Appll-?d Carman-00 Carman-01 Brandon-01
(kgha")
----------------------- heads m?
Flax 0 448 575 301
Flax 30 AN* ' 521 606 348
Flax 30 CRU** 522 619 352
Flax 90 AN 542 616 494
Flax 90 CRU 563 641 420
Pea 0 521 550 406
Pea 30 AN 543 601 445
Pea 30 CRU 540 625 418
Pea 90 AN 590 617 488
Pea 90 CRU 509 611 457
LSD (P=0.05) ns 37 59
Stubble
Flax 519 612 383
Pea 540 601 443
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
0 484 563 354
30 AN 532 604 396
30 CRU 531 622 385
90 AN : 566 617 491
90 CRU 536 626 439
LSD (P=0.05) ns 27 36
ANOVA df Pr>F
Stubble (S) 1 0.41 0.11 0.0837
N Applied (kg ha™") 4 0.0525 0.0004 <0.0001
N*S 4 0.15 0.57 0.0215
Contrasts
Peavs FlaxatON 0.059 - 0.17 0.0011
Peavs Flaxat30 N 0.46 0.97 0.0004
Peavs Flaxat90 N 0.89 0.26 0.46
AN vs CRU 0.39 0.14 0.0156
ANvs CRU-30Nvs 90 N 0.42 0.63 0.1
ONvs30N 0.0394 0.0002 0.0204
30Nvs 90 N 0.28 0.37 <0.0001
Peavs Flax-0 Nvs 30 N 0.23 0.28 0.44
Peavs Flax-30Nvs 90 N 0.52 0.43 0.0119
Pea at 30 N vs Flax 90 N 0.66 0.23 0.22
C.V. (%) 9.4 4.4 8.4
* Ammonium nitrate
** Controlled-release urea
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Table B.29. Lodging score (0-9) at the Carman-00, Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N App".?d Carman-00 Carman-01 Brandon-01
(kgha’)
kg ha™
Flax 0 0.1 3.6 0.0
Flax 30 AN* 0.4 5.0 0.0
Flax 30 CRU** 0.3 5.1 0.0
Flax 90 AN 3.4 6.5 0.3
Flax 90 CRU 1.5 6.5 0.8
Pea 0 1.1 25 0.0
Pea 30 AN 35 4.1 0.3
Pea 30 CRU 1.6 6.6 0.5
Pea 90 AN 25 7.3 4.5
Pea 90 CRU 2.6 6.9 3.0
LSD (P=0.05) 2.6 2.2 1.2
Stubble
Flax 1.1 54 0.2
Pea 2.3 5.5 1.7
LSD (P=0.05) ns ns 0.5
N Applied (kg ha™)
0 0.6 3.1 0.0
30 AN 1.9 4.6 0.1
30 CRU 0.9 5.9 0.3
90 AN 3.0 6.9 2.4
90 CRU : 2.1 6.7 1.9
LSD (P=0.05) ns 1.6 0.8
ANOVA df Pr>F
Stubble (S) 1 0.1081 0.66 0.0485
N Applied (kg ha™") 4 0.1042 0.0003 <0.0001
N*S . 4 0.31 0.44 <0.0001
Contrasts
Peavs FlaxatON 0.43 0.3 1
Peavs Flaxat 30 N 0.0179 0.68 0.38
Pea vs Flax at 90 N 0.92 047 <0.0001
AN vs CRU 0.15 0.32 0.48
ANvs CRU-30Nvs 90 N 0.94 0.19 0.25
ONvs30N 0.31 0.0045 0.57
30Nvs 90N 0.1 0.01 <0.0001
Peavs Flax- 0 N vs 30 N 0.43 0.31 0.57
Peavs Flax-30 Nvs 90 N 0.1 0.83 <0.0001
Pea at 30 N vs Flax 90 N ’ 0.92 0.15 0.77
C.V. (%) 106.0 29.3 80.5
* Ammonium nitrate
** Controlled-release urea




Table B.30. Select agrronomic data for the Swift Current-01 site..

Treatment Post-anthesis % DM Ratio of head  Ratio of head
| N Applied DM accumulated  DMtowhole DM to stem/lea /\Verage hf ads  Average miss
Stubble (kg ha™) accumulation®  post-anthesis® plant Dm° DMP perm per head
— kg ha - —ghead -
Durum 34 2562 52.1 0.65 1.88 220 0.85
Durum 50 2937 55.0 0.62 1.65 221 ' 0.78
Durum 78 3318 50.1 0.62 1.65 242 0.86
Pea 34 2728 62.2 0.69 2.25 202 0.97
Pea 50 1693 45.6 0.67 2.04 191 0.94
Pea 78 3495 55.2 0.66 1.3 233 0.73
LSD (P=0.05) ns ns 0.04 0.32 ns 0.19
Stubble
Durum 2939 52.4 0.63 1.73 228 0.83
Pea 2639 54.3 0.67 2.07 209 0.88
LSD (P=0.05) ns ns 0.02 0.18 ns ns
N Applied (kg ha™')
34 2645 57.1 0.67 2.06 211 0.91
50 2315 50.3 0.65 1.85 206 0.86
78 3407 52.7 0.64 1.79 238 0.80
LSD (P=0.05) ns ns ns ns ns ns
ANOVA df _ Pr>F
Stubble (S) 1 0.65 0.76 0.002 0.0015 0.3 0.35
N Applied (kg ha') 2 0.4 0.66 0.097 0.0562 0.31 0.23
N*S 2 0.6 0.43 0.96 0.85 0.88 0.0656
Contrasts
34Nvs50N ’ 0.69 0.38 0.1 0.0636 0.81 0.43
50Nvs 78 N 0.2 0.76 0.62 0.61 0.16 0.33
Pea vs Durum-34 Nvs 50 N 0.39 0.22 0.8 0.94 0.79 0.63
Pea vs Durum -50 Nvs 78 N 0.39 0.35 0.8 0.61 0.63 0.029
Durum at 50 N vs Pea at 34 N 0.86 0.51 0.0038 0.0017 0.54 0.0485
Durum at 78 N vs Pea at 50 N 0.17 0.68 0.02 0.0216 0.11 0.37
C.V. (%) 49.5 245 3.5 9.4 16.8 124

*Days after anthesis
* 'Post-anthesis' refers to the period between anthesis and 35 DAA.
® Based on dry matter samples collcted 35 DAA.

8¥C
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8.3. APPENDIX C - ANALYSIS OF VARIANCE, LSDs, AND CONTRASTS FOR
THE EFFECTS OF PREVIOUS CROP AND FERTILIZER NITROGEN
TREATMENTS ON TISSUE N CONCENTRATION AT THE CARMAN,

BRANDON, AND SWIFT CURRENT EXPERIMENTAL SITES
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Table C.1. Whole plant tissue N concentration at the flag leaf stage at the Carman-00,
Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Applied Carman-00  Carman-01  Brandon-01
(kg ha’)
gNkg”
Flax 0 n.d.t 29.4 19.8
Flax 30 AN* n.d. 28.4 20.6
Flax 30 CRU* n.d. 28.7 20.7
Flax 90 AN n.d. 31.0 28.1
Flax 90 CRU n.d. 32.7 274
Pea 0 n.d. 29.0 20.3
Pea 30 AN n.d. 28.3 257
Pea 30 CRU n.d. 29.5 22.8
Pea 90 AN n.d. 31.2 30.3
Pea 90 CRU n.d. 32.6 30.9
LSD (P=0.05) n.d. 3.6 3.6
Stubble
Flax n.d. 30.0 23.3
Pea n.d. 30.0 26.0
LSD (P=0.05) n.d. ns 1.7
N Applied (kg ha™")
0 n.d. 29.2 20.0
30 AN n.d. 28.4 23.1
30 CRU n.d. 29.1 21.7
90 AN . n.d. 31.1 29.2
90 CRU n.d. 32.6 29.0
LSD (P=0.05) n.d. 2.3 3.0
ANOVA df Pr>F
Stubble (S) 1 n.d. 0.95 0.0076
N Applied (kg ha™) 4 n.d. 0.0052 <0.0001
N*S . 4 n.d. 0.99 0.47
Contrasts
Peavs FlaxatON n.d. 0.83 0.81
Peavs Flaxat 30 N nd. - 0.79 0.0076
Pea vs Flaxat 90 N n.d. 0.97 0.0231
AN vs CRU n.d. 0.16 04
ANvs CRU-30Nvs 90 N n.d. 0.61 0.54
ONvs30N n.d. 0.67 0.0461
. 30N vs 90 N n.d. 0.0006 <0.0001
Peavs Flax-ONvs 30N n.d. 0.71 0.17
Peavs Flax-30 Nvs 90 N n.d. 0.86 0.75
Pea at 30 N vs Flax 90 N n.d. 0.0285 0.0125
C.V. (%) n.d. 10.6 7.4
* Ammonium nitrate
** Controlied-release urea
t Data were not collected.




Table C.2. Tissue N concentration of the stem/leaf fraction at anthesis at the Carman-00,
Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N Apph-?d Carman-00 Carman-01 Brandon-01
(kgha™)
----------------------- g Nkg™’
Flax 0 16.4 26.0 145
Flax 30 AN* 17.7 24.3 15.9
Flax 30 CRU** 17.6 25.2 14.9
Flax 90 AN 222 229 215
Flax 90 CRU 215 25.9 205
Pea 0 252 22.8 16.0
Pea 30 AN 24.2 23.6 20.3
Pea 30 CRU 252 24.0 17.3
Pea 90 AN 28.6 26.5 235
Pea 90 CRU 25.7 27.1 22.9
LSD (P=0.05) 2.7 ns 3.3
Stubble
Flax. 19.1 24.8 175
Pea 25.8 248 20.0
LSD (P=0.05) 0.9 ns ns
N Applied (kg ha™")
0 20.8 24.4 15.2
30 AN 20.9 239 18.1
30 CRU 21.4 24.6 16.1
90 AN : 254 24.7 225
90 CRU 23.6 26.5 21.7
LSD (P=0.05) 14 ns 2.2
ANOVA df Pr>F
Stubble (S) 1 0.0042 0.96 0.1
N Applied (kg ha™") 4 <0.0001 0.26 <0.0001
N*S 4 0.0238 - 0.0815 0.71
Contrasts
Peavs FlaxatO N <0.0001 0.0632 0.38
Peavs Flaxat 30 N <0.0001 0.44 0.007
Pea vs Flaxat 90 N <0.0001 0.0469 0.0718
AN vs CRU 0.14 0.16 0.0787
ANvs CRU-30Nvs 90 N 0.0229 05 0.43
ONvs30N 0.52 0.87 0.052
30Nvs90N . <0.0001 0.11 <0.0001
Peavs Flax-ONvs 30 N 0.13 0.28 0.31
Peavs Flax-30 Nvs 90 N 0.0741 0.0584 0.43
Pea at 30 N vs Flax 90 N 0.0011 0.6 0.0616
C.V. (%) 5.9 9.4 17.4

* Ammonium nitrate

** Controlled-release urea
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Table C.3. Tissue N concentration of the stem/leaf fraction 7 days after anthesis at the
Carman-00, Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
----------------------- gNkg"
Flax 0 11.8 22.4 14.4
Flax 30 AN* 12.7 18.9 13.4
Flax 30 CRU** 12.6 23.1 11.8
Flax 90 AN 17.9 20.4 18.9
Flax 90 CRU 15.4 20.5 18.7
Pea 0 19.3 18.1 16.3
Pea 30 AN 19.5 20.7 15.8
Pea 30 CRU 18.7 214 15.2
Pea 90 AN 21.9 22.9 20.8
Pea 90 CRU 19.4 22.1 21.1
LSD (P=0.05) 2.7 2.2 2.2
Stubble
Flax 14.1 21.0 15.4
Pea 19.7 21.0 17.8
LSD (P=0.05) 0.8 ns 1.0
N Applied (kg ha™)
0 15.5 20.2 15.4
30 AN 16.1 19.8 14.6
30 CRU 15.6 22.3 13.5
90 AN : 19.9 21.6 19.8
90 CRU 17.4 21.3 19.9
LSD (P=0.05) 1.3 ns 1.6
ANOVA df Pr>F
Stubble (S) 1 0.0099 0.98 0.003
N Applied (kg ha™) 4 <0.0001 0.17 <0.0001
N*S 4 0.019 0.0207 0.89
Contrasts
Peavs FlaxatO N <0.0001 0.0114 0.0927
Peavs Flaxat30 N <0.0001 1 0.93 0.0007
Pea vs Flaxat 90 N <0.0001 0.0718 0.0074
AN vs CRU 0.0022 0.17 0.35
ANvs CRU-30Nvs90N 0.0275 0.078 0.3
ONvs30N 0.53 0.41 0.0656
30Nvs 90N <0.0001 0.59 <0.0001
Peavs Flax-ONvs 30 N 0.34 0.0297 0.45
Pea vs Flax- 30 N vs S0 N 0.0073 0.21 0.53
Peaat30 Nvs Flax 90 N 0.0038 0.55 0.0002
C.V. (%) 7.2 10.3 19.5
* Ammonium nitrate
** Controlled-release urea
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Table C.4. Tissue N concentration of the stem/leaf fraction 14 days after anthesis at the
Carman-00, Carman-01, and Brandon-01 sites.
Treatment . Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
gNkg'
Fiax 0 10.0 18.0 11.2
Flax 30 AN* 11.1 16.7 10.0
Flax 30 CRU** 10.7 18.2 9.7
Flax 90 AN 14.9 19.6 14.6
Flax 90 CRU 145 18.4 9.9
Pea 0 16.4 18.0 11.2
Pea 30 AN 17.7 176 11.8
Pea 30 CRU 16.1 18.9 12.0
Pea . 90 AN 19.6 19.9 15.1
Pea 90 CRU 17.1 20.1 14.0
LSD (P=0.05) 3.6 ns 2.4
Stubble
Flax 12.2 18.2 111
Pea 17.4 18.9 12.8
LSD (P=0.05) 1.4 ns 1.1
N Applied (kg ha™")
0 13.2 18.0 11.2
30 AN 14.4 17.2 10.9
30 CRU 13.4 18.6 10.8
90 AN : 17.2 19.8 14.9
90 CRU 15.8 19.2 11.9
LSD (P=0.05) 2.2 1.1 1.7
ANOVA df Pr>F
Stubble (S) 1 0.0038 0.28 0.0272
N Applied (kg ha™") 4 0.0032 0.0004 0.0003
N*S 4 0.34 0.59 0.15
- Contrasts
Peavs FlaxatO N 0.0002 1 1
Pea vs Flax at 30 N <0.0001 0.18 0.02
Pea vs Flax at 90 N 0.0015 0.0972 0.0082
AN vs CRU 0.1 0.24 0.0162
ANvs CRU-30Nvs 90 N 0.76 0.0145 0.0226
ONvs30N 0.42 0.72 0.67
30N vs 90 N 0.0019 0.0002 0.0003
Peavs Flax-ONvs 30 N 0.81 04 0.17
Peavs Flax-30Nvs 90 N 0.13 0.79 0.79
Pea at 30 N vs Flax 90 N 0.0403 0.2 0.68
C.V. (%) 14.1 5.6 245
* Ammonium nitrate
** Controlled-release urea
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Table C.5. Tissue N concentration of the stem/leaf fraction 21 days after anthesis at the
Carman-00, Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Appll'?d Carman-00 Carman-01 Brandon-01
(kg ha”)
gNkg™
Flax 0 9.3 144 9.1
Flax 30 AN* 8.9 14.3 9.1
Flax 30 CRU** 9.1 14.7 9.1
Flax 90 AN 14.7 14.4 10.9
Flax 90 CRU 13.0 15.5 10.3
Pea 0 14.0 14.1 9.6
Pea 30 AN 16.3 13.6 9.5
Pea 30 CRU 14.9 15.1 9.6
Pea 90 AN 17.9 17.2 13.0
Pea 90 CRU 147 15.7 12.3
LSD (P=0.05) 3.8 3.2 2.0
Stubble
Flax 11.0 14.6 9.7
Pea 15.5 15.1 10.8
LSD (P=0.05) ‘ 14 ns ns
N Applied (kg ha™)
0 11.7 14.2 9.3
30 AN 12.6 13.9 9.3
30 CRU 12.0 14.9 9.3
90 AN . 16.3 15.8 11.9
90 CRU 13.8 15.6 11.3
LSD (P=0.05) 2.3 1.3 14
ANOVA df Pr>F
Stubble (S) 1 0.0085 0.16 0.14
N Applied (kg ha™!) 4 0.002 0.0309 0.0005
N*S 4 0.12 0.0787 0.49
Contrasts
PeavsFlaxatON 0.0051 - 073 0.65
Peavs Flaxat 30 N <0.0001 0.79 0.57
Pea vs Flax at 90 N 0.0385 0.0203 0.0065
AN vs CRU 0.0628 0.43 0.52
ANvs CRU-30Nvs 90N 0.25 0.21 0.46
ONvs30N 0.51 0.76 0.98
30Nvs90 N 0.0016 0.0096 18
Peavs Flax-ONvs 30 N 0.35 0.9 0.97
Peavs Flax-30 Nvs 90 N 0.0132 0.0741 0.0961
Pea at 30 N vs Flax 90 N 0.13 0.35 0.13
C.V. (%) 16.5 8.5 224
* Ammonium nitrate
** Controlled-release urea
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Table C.6. Tissue N concentration of the stem/leaf fraction 28 days after anthesis at the
Carman-00, Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
g Nkg"
Flax 0 7.0 11.2 7.4
Flax 30 AN* 75 116 75
Flax 30 CRU** 76 11.6 7.0
Flax 90 AN 12.7 13.1 9.5
Flax 90 CRU 10.2 13.3 95
Pea 0 11.2 104 8.5
Pea 30 AN 12.9 11.9 8.3
Pea 30 CRU 11.6 125 8.4
Pea 90 AN 14.9 12.3 11.2
Pea 90 CRU 125 14.2 1.1
LSD (P=0.05) 3.4 2.8 1.5
Stubble
Flax 9.0 12.2 8.2
Pea 12.6 12.2 9.5
LSD (P=0.05) 1.3 ns ns
N Applied (kg ha’')
0 9.1 10.8 7.9
30 AN 10.2 117 7.9
30 CRU 9.6 12.1 7.7
90 AN : 13.8 12.7 10.3
90 CRU 11.3 13.7 10.3
LSD (P=0.05) 2.0 1.3 1.0
ANOVA df Pr>F
Stubble (S) 1 0.0076 0.92 0.0532
N Applied (kg ha™) 4 0.0006 0.0023 <0.0001
N*S 4 0.47 0.51 0.89
Contrasts
Peavs FlaxatO N 0.0054 043 0.13
Pea vs Flax at 30 N <0.0001 0.43 0.0471
Pea vs Flaxat 90 N 0.0291 0.96 0.0041
AN vs CRU 0.037 0.15 0.76
ANvs CRU-30Nvs 90N 0.19 0.44 0.86
ONvs30N 0.37 0.0616 0.76
30Nvs 90 N 0.0009 0.0088 <0.0001
Peavs Flax-ONvs 30 N 0.78 0.22 0.93
Peavs Flax-30 Nvs 90 N 0.0973 0.56 0.44
Pea at 30 Nvs Flax 90 N 0.42 0.18 0.0395
C.V. (%) ~ 18.3 10.6 21.3
* Ammonium nitrate
** Controlled-release urea
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Table C.7. Tissue N concentration of the stem/leaf fraction 35 days after anthesis at the
Carman-00, Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Appll-?d Carman-00 Carman-01 Brandon-01
(kg ha")
gN kg™
Flax 0 7.3 9.6 6.7
Flax 30 AN* 6.7 10.0 6.3
Flax 30 CRU* 75 104 6.7
Flax 90 AN 10.8 11.0 7.1
Flax 90 CRU 9.2 11.7 8.2
Pea 0 7.7 8.7 6.5
Pea 30 AN 10.1 10.9 7.2
Pea 30 CRU 9.3 11.4 7.0
Pea 90 AN 11.2 11.9 10.0
Pea 90 CRU 115 12.2 9.2
LSD (P=0.05) 3.2 2.7 1.8
Stubble
Flax 8.3 10.5 7.0
Pea 10.0 11.0 8.0
LSD (P=0.05) 1.3 ns 0.8
N Applied (kg ha™)
0 7.5 9.1 6.6
30 AN 8.4 10.5 6.8
30 CRU 8.4 10.9 6.8
90 AN 11.0 11.4 8.5
90 CRU 104 119 8.7
LSD (P=0.05) 2.0 1.1 1.3
ANOVA df Pr>F
Stubble (S) 1 0.0048 0.44 0.0347
N Applied (kg ha™) 4 0.0066 0.0004 0.0027
N*S 4 0.52 0.4 0.19
Contrasts
Pea vs Flaxat O N 0.72 0.3 0.82
Pea vs Flax at 30 N 0.0092 012 0.32
Pea vs Flaxat 90 N 0.16 0.23 0.0039
AN vs CRU 063 0.24 0.76
ANvs CRU-30Nvs 90N 0.65 0.91 0.91
ONvs30N 0.29 0.003 0.69
30N vs 90 N 0.0029 0.0184 0.0004
Peavs Flax-ONvs 30N 0.22 0.0632 0.47
Peavs Flax-30 Nvs 90 N 0.37 0.77 0.15
Pea at 30 N vs Flax 90 N 0.74 0.82 0.37
C.V. (%) 21.4 10.3 29.1
* Ammonium nitrate
** Controlled-release urea




Table C.8. Tissue N concentration of the stem/leaf fraction at various sampling dates at the Swift Current-01 site.

Treatment Sampling Date
N Applied . .
Stubble (kg ha) Flag Leaf Anthesis 7DAA 14DAA 21DAA 28DAA 35DAA
) gNkg"
Durum 34 45.0 252 19.1 144 9.9 8.2 9.0
Durum 50 ’ 449 24.7 226 19.5 11.4 8.6 8.7
Durum 78 46.2 26.2 243 21.7 13.7 9.2 11.8
Pea 34 43.0 26.7 25.5 21.0 16.2 10.6 9.2
Pea 50 419 277 271 23.6 14.1 112 9.8
Pea 78 51.2 285 25.1 20.6 16.9 9.2 7.8
LSD (P=0.05) ns ns ns ns ns 1.4 2.3
Stubble
Durum 454 25.3 22.0 185 11.7 8.7 9.8
Pea 454 276 259 21.7 15.7 10.4 8.9
LSD (P=0.05) ns ns 2.7 ns 3.5 0.8 ns
N Applied (kg ha™)
34 440 259 223 17.7 13.1 9.4 9.1
50 43.4 26.2 24.9 21.6 12.8 9.9 9.3
78 48.7 27.3 247 212 15.3 9.2 9.8
LSD (P=0.05) ns ns ns ns ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.99 04 0.0086 0.15 0.027 0.0007 0.17
N Applied (kg ha™) 2 0.26 0.9 0.22 0.29 0.41 0.36 0.65
N*S 2 0.46 0.97 0.22 0.34 0.62 0.0253 0.0092
Contrasts :
34Nvs50N 0.86 0.93 0.12 0.16 0.88 0.32 0.86
50Nvs 78 N 0.14 0.73 0.92 0.88 0.22 0.18 0.49
Pea vs Durum- 34 Nvs 50 N 0.89 0.81 0.53 0.63 0.38 0.81 0.53
Pea vs Durum- 50 Nvs 78 N 0.26 0.91 0.26 0.33 0.91 0.0139 0.0041
Durum at 50 N vs Pea at 34 N 0.7 0.67 0.2 0.67 0.11 0.0083 0.59
Durum at 78 N vs Pea at 50 N 0.38 0.73 0.22 0.61 0.89 0.0101 0.0857
C.V. (%) 12.8 20.9 11.1 22.0 25.0 8.4 13.5
*Days after anthesis

a Tissue N concentration is based on whole aboveground plant sample.

LST
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Table C.9. Tissue N concentration of the head fraction at anthesis at the Carman-00,
Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Apph_?d Carman-00 Carman-01 Brandon-01
(kgha™)
----------------------- gNkg™’
Flax 0 24.4 23.4 22.4
Flax 30 AN* 25.4 23.2 23.7
Flax 30 CRU* 25.4 23.4 23.1
Flax 90 AN 29.2 23.5 28.5
Flax 90 CRU 27.9 24.1 26.7
Pea 0 27.1 23.3 23.3
Pea 30 AN 29.2 22.8 26.5
Pea 30 CRU 29.4 23.3 25.6
Pea 90 AN 30.6 24.5 26.5
Pea 90 CRU 29.7 24.4 26.7
LSD (P=0.05) 2.4 ns 2.4
Stubble
Flax 26.4 23.5 24.9
Pea 29.2 23.6 25.7
LSD (P=0.05) 0.9 ns ns
N Applied (kg ha™") :
0 25.8 23.3 22.9
30 AN 27.3 23.0 25.1
30 CRU 27.4 23.3 24.4
90 AN 29.9 24.0 27.5
90 CRU 28.8 24.2 26.7
LSD (P=0.05) 1.4 0.9 1.8
ANOVA df Pr>F
Stubble (S) 1 0.0079 0.82 0.12
N Applied (kg ha™") 4 <0.0001 0.0408 0.0001
N*S 4 0.26 0.47 0.0643
Contrasts
Peavs FlaxatO N 0.0113 - 0.94 0.47
Peavs Flaxat 30 N <0.0001 0.56 0.0044
Pea vs Flax at 90 N 0.0258 0.19 0.24
AN vs CRU 0.32 0.33 0.23
ANvs CRU-30Nvs 90N 0.21 0.87 0.98
ONvs30N 0.0144 0.64 0.0206
30Nvs90N 0.0004 0.0042 0.0007
Peavs Flax-ONvs 30N 0.3 0.74 0.26
Peavs Flax-30 Nvs 90O N 0.0268 0.12 0.0067
Pea at 30 Nvs Flax 90 N 0.27 0.14 0.0716
C.V. (%) 5.0 3.6 12.9
* Ammonium nitrate
** Controlled-release urea
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Table C.10. Tissue N concentration of the head fraction 7 days after anthesis at the
Carman-00, Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N App "_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
gNkg™
Flax 0 216 23.1 20.4
Flax 30 AN* 20.6 239 20.9
Flax 30 CRU** 21.1 235 19.8
Flax 90 AN 222 24.0 22.2
Flax 90 CRU 21.6 23.7 214
Pea 0 241 22.1 20.9
Pea 30 AN 234 23.6 21.1
‘Pea 30 CRU 22.8 229 20.6
Pea 90 AN 255 23.7 22.2
Pea 90 CRU 23.6 232 21.7
LSD (P=0.05) 2.4 ns ns
Stubble ' .
Flax 214 236 20.9
Pea 23.9 23.1 21.3
LSD (P=0.05) 0.9 ns ns
N Applied (kg ha™)
0 . 22.8 22.6 20.6
30 AN 22.0 23.8 21.0
30 CRU 21.9 23.2 20.2
90 AN 23.8 23.8 222
90 CRU 22.6 234 215
LSD (P=0.05) ns ns 0.8
ANOVA df Pr>F
Stubble (S) 1 0.0251 0.4 0.4
N Applied (kg ha™) 4 0.0553 0.21 0.0003
N*S 4 0.79 0.97 0.85
Contrasts
Peavs FlaxatON 0.0172 - 0.26 0.35
Peavs Flaxat30 N 0.0037 0.47 0.24
Peavs Flaxat90 N 0.0008 0.51 0.73
AN vs CRU 0.17 0.24 0.0105
ANvs CRU-30Nvs 90N 0.21 0.89 0.81
ONvs30N 0.15 0.0778 0.93
30Nvs90N 0.0151 0.72 0.0002
Peavs Flax-ONvs 30 N 0.81 0.58 0.93
Peavs Flax-30 Nvs 90 N 0.66 0.96 0.52
Pea at 30 N vs Flax 90 N 0.0962 0.36 0.0401
C.V. (%) 5.9 4.8 11.8
* Ammonium nitrate
** Controlled-release urea




Table C.11. Tissue N concentration of the head fraction 14 days after anthesis at the
Carman-00, Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N Apph_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
g Nkg™
Flax 0 19.8 227 20.0
Flax 30 AN~ 20.2 227 19.9
Flax 30 CRU*™ 20.3 22.9 18.9
Flax 90 AN 23.2 229 215
Flax 90 CRU 225 23.1 21.3
Pea 0 23.5 222 20.0
Pea 30 AN 249 225 20.8
Pea 30 CRU 244 22.3 20.4
Pea 90 AN 24.4 23.1 22.9
Pea 90 CRU 239 23.1 223
LSD (P=0.05) 2.7 ns 2.0
Stubble
Flax 21.2 228 20.3
Pea 242 22.6 213
LSD (P=0.05) 1.0 ns ns
N Applied (kg ha™")
0 216 22.4 20.0
30 AN 226 22,6 20.3
30 CRU 223 22.6 19.7
90 AN 23.8 23.0 22.2
90 CRU 23.2 23.1 21.8
LSD (P=0.05) ns ns 1.4
ANOVA df Pr>F
Stubble (S) 1 0.0137 0.65 0.17
N Applied (kg ha™) 4 0.0734 0.28 0.0026
N*S 4 0.0866 0.78 0.79
Contrasts
Pea vs Flaxat O N 0.002 - 0M 0.94
Peavs Flaxat 30 N <0.0001 0.35 0.0943
Pea vs Flaxat 90 N 0.11 0.83 0.0943
AN vs CRU 0.43 0.8 0.27
ANvs CRU-30Nvs90 N 0.73 1 0.82
ONvs30N 0.23 0.56 0.98
30Nvs 90N 0.0562 0.0846 0.0003
Peavs Flax-0Nvs 30N 0.61 0.89 0.29
Peavs Flax-30 Nvs 90 N 0.0074 0.35 1
Pea at 30 N vs Flax 90 N 0.0289 0.15 0.27
C.V. (%) 6.6 3.1 12.4

* Ammonium nitrate

** Controlled-release urea
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Table C.12. Tissue N concentration of the head fraction 21 days after anthesis at the
Carman-00, Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N Ap ph_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
gNkg'
Flax 0 20.0 24.5 18.3
Flax 30 AN* 20.6 24.2 19.2
Flax 30 CRU** 20.8 24.2 18.8
Flax 90 AN 25.6 23.8 20.9
Flax 90 CRU 22.5 25.9 19.7
Pea 0 224 24.4 18.5
Pea 30 AN 244 24.8 19.8
Pea 30 CRU 24.2 23.9 19.2
Pea 90 AN 27.2 24.8 20.5
Pea 90 CRU 24.0 25.9 20.5
LSD (P=0.05) 5.3 ns ns
Stubble
Flax 21.9 245 194
Pea 24.4 247 19.7
LSD (P=0.05) ns ns ns
N Applied (kg ha™")
0 21.2 24.4 18.4
30 AN 22.5 245 19.5
30 CRU 225 24.0 19.0
90 AN 26.4 24.3 20.7
90 CRU 23.2 259 20.1
LSD (P=0.05) 3.0 ns 1.4
ANOVA df Pr>F
Stubble (S) 1 0.1246 0.54 0.43
N Applied (kg ha™") 4 0.0191 0.1 0.0213
N*S 4 0.9 0.86 0.93
Contrasts
Peavs FlaxatON 0.26 . 0.9 0.77
Peavs Flaxat30 N 0.0238 0.83 042
Pea vs Flaxat 90 N 0.32 0.46 0.75
AN vs CRU 0.13 0.26 0.29
ANvs CRU-30Nvs 90N 0.13 0.0488 0.92
ONvs30N 0.3 0.79 0.16
30Nvs 90N 0.0345 0.1 0.0239
Peavs Flax-ONvs 30 N 0.65 0.82 0.82
Peavs Flax-30Nvs 90 N 0.32 0.72 0.73
Pea at 30 N vs Flax 90 N 0.86 0.47 0.26
C.V. (%) 12.5 5.6 13.4

* Ammonium nitrate

** Controlled-release urea
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Table C.13. Tissue N concentration of the head fraction 28 days after anthesis at the
Carman-00, Carman-01, and Brandon-01 sites.

Treatment _ Site
Stubble N App".?d Carman-00 Carman-01 Brandon-01
(kgha™)
gNkg"
Flax 0 20.8 26.4 21.2
Flax 30 AN* 221 28.5 19.3
Flax 30 CRU** 219 26.8 18.9
Flax 90 AN 27.2 275 225
Flax 90 CRU 24.7 28.6 20.9
Pea 0 24.0 25.4 20.9
Pea 30 AN 255 27.1 20.7
Pea 30 CRU 24.9 28.8 20.2
Pea 90 AN 28.0 27.4 23.2
Pea 90 CRU 27.2 28.6 22.9
LSD (P=0.05) 3.9 ns ns
Stubble
Flax 23.3 275 20.6
Pea 25.9 27.4 21.6
LSD (P=0.05) 1.5 ns ns
N Applied (kg ha™)
0 22.4 25.9 21.0
30 AN 238 27.8 20.0
30 CRU 234 27.8 19.6
90 AN 27.6 27.4 22.8
90 CRU 25.9 28.6 21.9
LSD (P=0.05) 2.3 1.3 2.1
ANOVA df Pr>F
Stubble (S) 1 0.0252 0.95 0.15
N Applied (kg ha™) 4 0.0008 0.0032 0.0241
N*S 4 0.79 0.0839 0.84
Contrasts
Peavs FlaxatON 0.0534 0.38 0.82
Peavs Flax at 30 N 0.0083 " 0.68 0.19
Pea vs Flax at 90 N 0.16 1 0.19
AN vs CRU 0.23 0.18 0.37
ANvs CRU-30Nvs 90N 0.42 0.19 0.73
ONvs30N 0.24 0.0016 0.17
30Nvs 90N 0.0006 0.58 0.0016
Peavs Flax-ONvs 30N 1 0.24 0.36
Pea vs Flax - 30 Nvs 90 N 0.34 0.72 0.99
Pea at 30 N vs Flax 90 N 0.5 0.91 0.23
C.V. (%) 9.2 4.4 17.0

* Ammonium nitrate

** Controlled-release urea




Table C.14. Tissue N concentration of the head fraction 35 days after anthesis at the
Carman-00, Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
gNkg'
Flax 0 23.2 26.5 21.7
Flax 30 AN* 23.9 25.3 20.5
Flax 30 CRU** 23.6 29.0 21.3
Flax 90 AN 28.8 29.6 24.2
Flax 90 CRU 27.6 29.0 23.6
Pea 0 25.9 28.2 21.8
Pea 30 AN 27.6 28.0 22.4
Pea 30 CRU 276 29.1 24.9
Pea 90 AN 29.8 28.1 26.4
Pea 90 CRU 30.4 29.7 26.6
LSD (P=0.05) 3.2 ns 2.5
Stubble
Flax 25.4 27.9 22.2
Pea 28.3 28.6 24.4
LSD (P=0.05) 1.1 ns 1.1
N Applied (kg ha™")
0 245 27.4 21.7
30 AN 25.8 26.6 21.4
30 CRU 25.6 29.1 23.1
90 AN 29.3 28.8 25.3
90 CRU 29.0 29.3 25.1
LSD (P=0.05) 1.8 ns 1.8
ANOVA df Pr>F
Stubble (S) 1 0.0497 0.13 0.0383
N Applied (kg ha™) 4 <0.0001 0.0504 0.0001
N'S 4 0.47 0.3 0.34
Contrasts
Peavs FlaxatO N 0.0561 - 022 0.94
Pea vs Flax at 30 N 0.0003 0.16 0.0035
Peavs Flaxat90 N 0.0495 0.66 0.0063
AN vs CRU 0.74 0.0489 0.26
ANvs CRU-30Nvs 90 N 0.92 0.17 0.13
ONvs30N 0.13 0.6 0.48
30Nvs 90N <0.0001 0.0978 <0.0001
Peavs Flax-ONvs 30 N 0.42 0.86 0.0827
Peavs Flax-30 Nvs 90 N 0.12 0.21 0.86
Pea at 30 N vs Flax 90 N 0.53 0.45 0.77
C.V. (%) 6.4 7.1 19.7

* Ammonium nitrate

** Controlled-release urea

263




Table C.15. Tissue N concentration of the head fraction at various sampling dates at the Swift Current-01 site.

Treatment Sampling Date
st N Applied . "
ubble (kg ha™) Anthesis 7DAA 14DAA 21DAA 28DAA 35DAA
aNkg"
Durum 34 22.4 20.7 21.1 18.6 17.1 15.2
Durum 50 225 227 23.2 19.4 20.9 17.1
Durum 78 22.6 23.6 23.1 21.5 20.1 15.1
Pea 34 24.1 23.8 23.0 22.2 24.3 16.5
Pea 50 23.7 24.6 25.9 22.6 23.5 18.9
Pea 78 23.5 23.0 221 22.8 20.5 15.6
LSD (P=0.05) 1.2 ns ns ns 4.0 ns
Stubble
Durum 225 22.3 22.5 19.8 194 15.8
Pea 23.8 23.8 23.7 22.6 22.8 17.0
LSD (P=0.05) 0.7 ns ns ns 2.3 ns
N Applied (kg ha™)
34 23.1 23.7 24.6 21.0 22.2 18.0
50 23.1 23.3 22.6 22,2 20.3 15.4
78 48.7 24.7 21.2 15.3 9.2 9.8
LSD (P=0.05) ns ns ns ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.0018 0.0753 0.29 0.1 0.0073 0.33
N Applied (kg ha™) 2 0.92 0.32 0.18 0.64 0.33 0.17
N*S 2 0.56 0.18 0.38 0.81 0.063 0.89
Contrasts
34 Nvs 50N 0.8 0.15 0.0818 0.74 0.26 0.14
50Nvs 78 N 0.9 0.7 0.17 0.55 0.16 0.0792
Pea vs Durum- 34 Nvs 50 N 0.5 0.56 0.76 0.91 . 0.1 0.86
Pea vs Durum-50 Nvs 78 N 0.7 0.2 0.19 0.62 0.43 0.64
Durum at 50 Nvs Peaat 34 N 0.0152 0.43 0.9 0.3 0.0918 0.74
Durum at 78 N vs Pea at 50 N 0.0726 0.44 0.16 0.67 0.0835 0.0795
C.V. (%) 2.9 6.9 10.1 15.0 10.6 14.7

*Days after anthesis

¥9C
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8.4. APPENDIX D — ANALYSIS OF VARIANCE, LSDs, AND CONTRASTS FOR
THE EFFECTS OF PREVIOUS CROP AND FERTILIZER NITROGEN
TREATMENTS ON SELECTED MEASUREMENTS ASSOCIATED WITH
PLANT N YIELD AT THE CARMAN, BRANDON, AND SWIFT CURRENT
EXPERIMENTAL SITES
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Table D.1. N yield of the stem/leaf fraction at anthesis at the Carman-00, Carman-01,
and Brandon-01 sites.

Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kgha’)
kg N ha
Flax 0 71 121 34
Flax 30 AN* 83 119 54
Flax 30 CRU*™ 82 130 52
Flax 90 AN 119 127 98
Flax 90 CRU 103 141 79
Pea 0 90 94 59
Pea 30 AN 122 114 86
Pea 30 CRU 129 125 66
Pea 90 AN 166 148 105
Pea 90 CRU 127 138 106
LSD (P=0.05) 17 27 19
Stubble
Flax 92 128 63
Pea 127 124 84
LSD (P=0.05) 8 ns 8
N Applied (kg ha™)
0 81 108 47
30 AN 102 116 70
30 CRU 105 127 59
90 AN 143 138 101
90 CRU 115 139 92
L.SD (P=0.05) 12 19 13
ANOVA df Pr>F
Stubble (S) 1 0.0029 0.54 0.0187
N Applied (kg ha”) 4 <0.0001 0.0097 <0.0001
N*S 4 0.0697 0.2 " 0.32
Contrasts
Peavs FlaxatO N 0.0321 ~0.048 0.0122
Peavs Flaxat 30 N <0.0001 0.62 0.0014
Pea vs Flax at 90 N <0.0001 0.34 0.0161
AN vs CRU 0.0061 0.34 0.0383
ANvs CRU-30Nvs 90 N 0.0011 0.47 0.83
ONvs30N 0.0001 0.1 0.0037
30N vs 90 N <0.0001 0.0181 <0.0001
Peavs Flax-ONvs 30 N 0.0263 0.18 0.89
Pea vs Fiax - 30 N vs 90 N 0.3701 0.31 0.48
Pea at 30 N vs Flax 90 N 0.0265 0.13 0.0642
C.V. (%) 10.6 14.8 17.4
* Ammonium nitrate
** Controlled-release urea




Table D.2. N yield of the stem/leaf fraction 7 days after anthesis at the Carman-00,
Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
kg N ha™
Flax 0 63 113 32
Flax 30 AN* 80 106 40
Flax 30 CRU** 76 134 44
Flax 90 AN 110 131 103
Flax 90 CRU 117 128 79
Pea 0 110 93 66
Pea 30 AN 134 120 77
Pea 30 CRU 115 134 69
Pea 90 AN 163 139 124
Pea 90 CRU " 119 134 113
LSD (P=0.05) 21 26 21
Stubble
Fiax 89 122 60
Pea 128 124 90
LSD (P=0.05) 9 ns 10
N Applied (kg ha™)
0 86 103 49
30 AN 107 113 59
30 CRU 95 134 57
90 AN 136 135 114
90 CRU 118 131 96
LSD (P=0.05) 15 19 15
ANOVA df Pr>F
Stubble (S) 1 0.0044 0.64 0.0035
N Applied (kg ha™") 4 <0.0001 0.0051 <0.0001
N*S 4 0.0068 0.43 0.77
Contrasts
Peavs FlaxatO N <0.0001 0.12 0.0023
Pea vs Flax at 30 N <0.0001 045 0.0002
Peavs Flaxat 90 N 0.0006 0.44 0.0007
AN vs CRU 0.0062 0.22 0.0685
ANvs CRU-30Nvs 90N 0.52 0.0625 0.15
ONvs30N -0.0249 0.0184 0.2
30N vs 90 N <0.0001 0.15 <0.0001
Peavs Flax-ONvs 30 N 0.94 0.1 0.8
Peavs Flax-30 Nvs 90 N 0.0809 1 0.74
Pea at 30 N vs Flax 90 N 0.14 0.75 0.0161
C.V. (%) 13.1 15.0 19.5

* Ammonium nitrate

** Controlled-release urea
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Table D.3. N yield of the stem/leaf fraction 14 days after anthesis at the Carman-00,
Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Appll.?d Carman-00 Carman-01 Brandon-01
(kg ha™)
kg N ha™
Flax 0 57 99 29
Flax 30 AN* 79 106 38
Flax 30 CRU** 78 117 35
Flax 90 AN 113 127 89
Flax 90 CRU 103 119 1
Pea 0 114 91 52
Pea 30 AN 120 113 58
Pea 30 CRU 114 104 57
Pea 90 AN 151 124 85
Pea 90 CRU 111 108 67
LSD (P=0.05) 26 21 22
, Stubble
Flax 86 114 46
Pea 122 108 64
LSD (P=0.05) 12 ns ns
N Applied (kg ha™")
0 85 95 40
30 AN 100 110 48
30 CRU 96 110 46
90 AN 132 125 87
90 CRU 107 113 54
LSD (P=0.05) 18 14 14
ANOVA df Pr>F
Stubble (S) 1 0.0116 0.46 0.1
N Applied (kg ha™") 4 0.0004 0.0042 <0.0001
N*S 4 0.13 0.63 0.19
Contrasts
Peavs FlaxatON 0.0001 043 0.0343
Pea vs Flax at 30 N 0.0002 0.71 0.0099
Pea vs Flax at 90 N 0.0159 0.34 0.16
AN vs CRU 0.034 0.26 0.001
ANvsCRU-30Nvs 90N 0.11 0.19 0.0031
ONvs30N 0.12 0.019 0.28
30N vs 90 N . 0.0019 0.0598 <0.0001
Peavs Flax-0 Nvs 30 N 0.24 0.64 0.81
Peavs Flax-30 Nvs 90 N 0.24 0.66 0.31
Pea at 30 Nvs Flax 90 N 0.34 0.0585 0.31
C.V. (%) 17.0 12.2 24.5
* Ammonium nitrate
** Controlled-release urea




Table D.4. N yield of the stem/leaf fraction 21 days after anthesis at the Carman-00,

Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N Apph.?d Carman-00 Carman-01 Brandon-01
(kg ha™)
kg N ha™'
Flax 0 39 80 22
Flax 30 AN* 54 91 34
Flax 30 CRU** 53 89 30
Flax 90 AN 98 103 59
Flax 90 CRU 88 103 48
Pea 0 86 81 45
Pea 30 AN 99 88 50
Pea 30 CRU 89 93 46
Pea 90 AN 130 115 74
Pea 90 CRU 98 100 62
LSD (P=0.05) 24 17 19
Stubble
Flax 66 93 39
Pea 100 95 55
LSD (P=0.05) 10 ns ns
N Applied (kg ha™)
0 63 80 34
30 AN 76 89 42
30 CRU 71 91 38
90 AN 114 109 67
90 CRU 93 102 55
LSD (P=0.05) 16 11 11
ANOVA df Pr>F
Stubble (S) 1 0.0139 0.72 0.14
N Applied (kg ha™") 4 <0.0001 0.0003 <0.0001
N*S 4 0.18 0.65 0.92
Contrasts
Peavs FlaxatO N 0.0004 0.9 0.0227
Peavs Flax at 30 N <0.0001 0.95 0.0204
Peavs Flaxat 90 N 0.0156 05 0.0433
AN vs CRU 0.0271 0.53 0.036
ANvs CRU-30Nvs 90N 0.17 0.24 0.34
ONvs30N 0.11 0.0478 0.17
30Nvs 90 N <0.0001 0.0008 <0.0001
Peavs Flax-ONvs 30 N 0.65 0.95 0.5
Peavs Flax-30 Nvs 90 N 0.093 0.65 0.76
Peaat 30 Nvs Flax 90 N 0.9 0.0364 0.39
C.V. (%) 18.8 11.7 22.4

* Ammonium nitrate

** Controlled-release urea




270
Table D.5. N yield of the stem/leaf fraction 28 days after anthesis at the Carman-00,
Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Applied Carman-00  Carman-01  Brandon-01
(kg ha™)
kg N ha™
Flax 0 n.d.f 52 14
Flax 30 AN* n.d. 62 21
Flax 30 CRU** n.d. 59 20
Flax 90 AN n.d. 71 43
Flax 90 CRU n.d. 74 38
Pea 0 n.d. 49 29
Pea 30 AN n.d. 57 34
Pea 30 CRU n.d. 66 37
Pea 90 AN nd. 69 60
Pea 90 CRU n.d. 78 49
LSD (P=0.05) n.d. 20 11
Stubble
Flax n.d. 64 27
Pea n.d. 64 42
LSD (P=0.05) n.d. ns 5
N Applied (kg ha™)
0 n.d. 51 22
30 AN n.d. 59 28
30 CRU n.d. 63 28
90 AN n.d. 70 51
90 CRU n.d. 76 44
LSD (P=0.05) n.d. 15 8
ANOVA df Pr>F
Stubble (S) 1 n.d. 0.99 0.0254
N Appilied (kg ha™") 4 n.d. 0.0159 <0.0001
N*S 4 n.d. 0.89 0.89
Contrasts
Peavs FlaxatO N n.d. ~0.76 0.0151
Peavs Flaxat 30 N n.d. 0.92 0.0006
Peavs Flaxat90 N n.d. 0.92 0.0011
AN vs CRU n.d. 0.37 0.21
ANvs CRU-30Nvs 90N n.d. 0.78 0.12
ONvs30N n.d. 0.11 0.0556
30N vs 90 N n.d. 0.0238 <0.0001
Peavs Flax-ONvs 30N n.d. 0.76 0.89
Peavs Flax- 30 Nvs 90 N n.d. 1 0.85
Pea at 30.-N vs Flax 90 N n.d. 0.12 0.23
C.V. (%) n.d. 22.3 21.3
* Ammonium nitrate
** Controlled-release urea
1 No data were collected.




Table D.6. N yield of the stem/leaf fraction 35 days after anthesis at the Carman-00,

Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N App ".?d Carman-00 Carman-01 Brandon-01
(kg ha™)
kg N ha™
Flax 0 33 43 15
Flax 30 AN* 37 48 18
Flax 30 CRU** 36 52 22
Flax 90 AN 64 58 34
Flax 90 CRU 53 63 35
Pea 0 36 33 21
Pea 30 AN 59 52 29
Pea 30 CRU 47 57 32
Pea 90 AN 71 64 46
Pea 90 CRU 52 64 38
LSD (P=0.05) 21 11 12
Stubble
Flax 45 53 25
Pea 53 54 33
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
0 34 38 18
30 AN 48 50 23
30 CRU 41 54 27
90 AN 67 61 40
90 CRU 53 63 37
LSD (P=0.05) 15 8
ANOVA df Pr>F
Stubble (S) 1 0.0675 0.67 0.064
N Applied (kg ha™) 4 0.0025 <0.0001 <0.0001
N*S 4 0.6 0.26 0.82
Contrasts
Peavs FlaxatO N 0.76 0.0953 0.31
Peavs Flaxat30 N 0.031 0.24 0.0201
Pea vs Flaxat 90 N 0.64 0.37 0.093
AN vs CRU 0.0528 0.23 0.88
ANvs CRU-30Nvs 90N 0.45 0.67 0.28
ONvs30N 0.12 0.0002 0.0471
30Nvs 90N 0.008 0.0007 0.0002
PeavsFlax-ONvs 30N 0.32 0.041 0.56
Peavs Flax- 30 Nvs 90 N 0.23 0.83 0.61
Pea at 30 N vs Flax 90 N 0.47 0.11 0.35
C.V. (%) 30.5 13.7 29.1

* Ammonium nitrate

** Controlled-release urea




Table D.7. N yield of the stem/leaf fraction at various sampling dates at the Swift Current-01 site.
Treatment Sampling Date
N Applied . .
Stubble (kg ha'") Anthesis 7DAA 14DAA 21DAA 28DAA 35DAA
) kg N ha™’
Durum 34 40 44 22 13 13 16
Durum 50 40 49 34 18 11 18
Durum 78 51 57 38 28 17 28
Pea 34 30 31 26 21 13 12
Pea 50 36 39 28 16 17 12
Pea 78 55 45 48 25 14 16
LSD (P=0.05) 24 ns 26 11 ns 12
Stubble
Durum 44 50 31 20 13 20
Pea 40 38 34 20 15 14
LSD (P=0.05) ns ns ns ns ns ns
N Applied (kg ha™)
34 35 37 24 17 13 14
50 38 44 31 17 14 15
78 53 51 43 26 15 22
LSD (P=0.05) ns ns ns 7 ns ns
ANOVA df Pr>F
Stubble (S) 1 0.55 0.19 0.69 0.81 0.55 0.0654
N Applied (kg ha™) 2 0.0727 0.44 0.1 0.0354 0.64 0.13
N*S 2 0.65 0.99 0.62 0.28 0.24 0.6
Contrasts
34Nvs50N 0.69 0.53 0.42 0.98 0.63 0.86
50Nvs 78 N 0.0701 0.51 0.18 0.0242 0.66 0.092
Pea vs Durum - 34 Nvs 50 N 0.68 0.87 0.55 0.19 0.27 0.76
Pea vs Durum-50 Nvs 78 N 0.62 0.94 0.34 0.9 0.1 0.5
Durum at 50 N vs Pea at 34 N 0.34 0.23 0.51 0.62 0.59 0.39
Durum at 78 N vs Pea at 50 N 0.18 0.25 0.42 0.0353 0.88 0.0167
C.V. (%) 31.5 40.9 441 29.3 33.3 40.9
*Days after anthesis

LT




Table D.8. N yield of the head fraction at anthesis at the Carman-00, Carman-01, and

Carman-01, Brandon-01 sites.

Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
kg N ha™
Flax 0 20 22 11
Flax 30 AN* 22 21 16
Flax 30 CRU™ 22 22 16
Fiax 90 AN 24 23 23
Flax 90 CRU 22 24 17
Pea 0 16 17 17
Pea 30 AN 24 20 19
Pea 30 CRU 23 21 17
Pea 90 AN 24 25 19
Pea 90 CRU 26 20 18
LSD (P=0.05) 4 4 4
Stubble
Flax 22 22 17
Pea 22 21 18
LSD (P=0.05) ns ns ns
N Applied (kg ha™")
0 18 19 14
30 AN 23 20 18
30 CRU 23 22 17
90 AN 24 24 21
90 CRU 24 22 18
LSD (P=0.05) 3 3 2
ANOVA df Pr>F
Stubble (S) 1 0.45 0.36 0.48
N Applied (kg ha™") 4 0.0004 0.0346 <0.0001
-N*S$ 4 0.0944 0.24 0.0054
Contrasts
Peavs FlaxatO N 0.0458 0.0576 0.0105
Pea vs Flax at 30 N 0.4 0.54 0.0752
Peavs Flaxat 90 N 0.12 0.51 0.26
AN vs CRU 0.79 0.87 0.0089
ANvs CRU-30Nvs90 N 0.75 0.13 0.14
ONvs30N 0.0003 0.15 0.0017
30N vs 90 N 0.14 0.0684 0.0129
Peavs Flax-ONvs 30N 0.0432 0.17 0.14
Pea vs Flax-30 Nvs 90 N 0.62 0.97 0.0107
Pea at 30 Nvs Flax 90 N 0.92 0.0744 0.27
C.V. (%) 11.4 12.2 12.9

* Ammonium nitrate

** Controlled-release urea
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Table D.9. N yield of the head fraction 7 days after anthesis at the Carman-00,
Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N Apph_?d Carman-00 Carman-01 Brandon-01
(kg ha')
' kg N ha™
Flax 0 28 33 13
Flax 30 AN* 29 39 15
Flax 30 CRU** 29 38 18
Flax 90 AN 25 H 25
Flax 90 CRU 32 40 20
Pea 0 28 32 20
Pea 30 AN 31 36 22
Pea 30 CRU 26 38 20
Pea 90 AN 34 38 27
Pea 90 CRU 31 36 24
LSD (P=0.05) 7 6 4
Stubble
Flax 29 38 18
Pea 30 36 23
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
0 28 33 16
30 AN 30 37 18
30 CRU 27 38 19
90 AN 30 40 26
90 CRU 31 38 22
LSD (P=0.05) ns 4 3
ANOVA df Pr>F
Stubble (S) 1 0.62 0.12 0.1
N Applied (kg ha™) 4 0.52 0.0208 <0.0001
N*S 4 0.1 0.87 0.13
Contrasts
Peavs FlaxatO N 0.84 0.63 0.0023
Pea vs Flax at 30 N 0.65 045 0.0054
Pea vs Flax at 90 N 0.1 0.0916 0.0476
AN vs CRU 0.76 0.75 0.1
ANvs CRU-30Nvs 90 N 0.24 0.45 0.0072
ONvs30N 0.77 0.0092 0.0399
30N vs 90 N 0.3 0.34 <0.0001
Peavs Flax-ONvs 30N 0.64 0.96 0.22
Peavs Flax-30 Nvs 90 N 0.12 05 0.41
Pea at 30 N vs Flax 90 N 0.91 0.0602 0.29
C.V. (%) 15.2 10.6 11.8

*. Ammonium nitrate

** Controlled-release urea
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Table D.10. N vyield of the head fraction 14 days after anthesis at the Carman-00,
Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Apph_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
kg N ha™
Flax 0 45 70 25
Flax 30 AN* 54 84 29
Flax 30 CRU** 54 83 29
Flax 90 AN 53 79 44
Flax 90 CRU 52 80 36
Pea 0 55 61 36
Pea 30 AN 52 76 35
Pea 30 CRU 53 66 35
Pea 90 AN 56 72 44
Pea 90 CRU 58 63 32
LSD (P=0.05) ns 14 7
Stubble
Flax 52 79 33
Pea 55 68 37
LSD (P=0.05) ns ns ns
N Applied (kg ha™")
0 50 65 30
30 AN 53 80 32
30 CRU i 53 74 32
90 AN 55 76 44
90 CRU 55 72 34
LSD (P=0.05) ns 9 4
ANOVA df Pr>F
Stubble (S) 1 0.26 0.12 0.17
N Applied (kg ha™) 4 0.89 0.0371 <0.0001
N*S 4 0.756 0.64 0.0163
Contrasts
Peavs FlaxatO N 0.17 0.21 0.0024
Peavs Flaxat30 N 0.76 0.018 0.0124
Pea vs Flaxat 90 N 0.39 0.0241 0.46
AN vs CRU 0.86 0.12 0.0035
ANvs CRU-30Nvs 90 N 0.98 0.81 0.0039
ONvs30N 0.55 0.0051 0.36
30Nvs 90N 0.61 0.3 <0.0001
PeavsFlax-ONvs 30 N 0.2 0.64 0.21
Peavs Flax-30 Nvs 90 N 0.42 0.92 0.0139
Pea at 30 N vs Flax 90 N 0.92 0.0832 0.039
C.V. (%) 19.0 11.8 12.4
* Ammonium nitrate
** Controlled-release urea
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Table D.11. N yield of the head fraction 21 days after anthesis at the Carman-00,
Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Applied Carman-00  Carman-01  Brandon-01
(kgha")
kg N ha™
Flax 0 55 122 33
Flax 30 AN* 77 129 45
Flax 30 CRU** 77 124 41
Flax 90 AN 81 134 59
Flax 90 CRU 82 140 54
Pea 0 81 122 53
Pea 30 AN 78 127 60
Pea 30 CRU 82 127 54
Pea 90 AN 88 129 60
Pea 90 CRU 95 128 56
LSD (P=0.05) 27 18 14
Stubble
Flax 74 130 46
Pea 85 127 57
LSD (P=0.05) ns ns ns
N Applied (kg ha™")
0 68 122 43
30 AN 77 128 52
30 CRU 80 125 47
90 AN 84 132 59
90 CRU 89 134 55
LSD (P=0.05) ns ns 7
ANOVA df Pr>F
Stubble (S) 1 0.14 0.62 0.23
N Applied (kg ha™") 4 0.28 0.25 0.0008
N*S 4 0.71 0.73 0.0308
Contrasts ’
PeavsFlaxatON 0.0554 097 0.0051
Peavs Flaxat 30 N 0.72 0.93 0.0074
Peavs Flaxat 90 N 0.29 0.18 0.78
AN vs CRU 0.61 0.95 0.0815
ANvs CRU-30Nvs 90 N 0.87 0.51 ~ 0.87
ONvs30N 0.22 0.34 0.0313
30Nvs 90N 0.24 0.15 0.0056
Peavs Flax-0Nvs 30 N 0.17 0.99 0.26
Peavs Flax-30Nvs 90 N 0.62 0.28 0.0161
Pea at 30 N vs Flax 90 N 0.89 0.11 0.96
C.V. (%) 23.6 8.9 13.4
* Ammonium nitrate
** Controlled-release urea
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Table D.12. N yield of the head fraction 28 days after anthesis at the Carman-00,
Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Apphfd Carman-00 Carman-01 Brandon-01
(kgha™)
kg N ha™ :
Flax 0 nd.! 136 44
Flax 30 AN* n.d. 144 53
Flax 30 CRU** n.d. 133 52
Flax 90 AN n.d. 141 78
Flax 90 CRU n.d. 145 70
Pea. 0 n.d. 122 69
Pea 30 AN n.d. 126 79
Pea 30 CRU n.d. 143 69
Pea 90 AN n.d. 152 95
Pea 90 CRU n.d. 136 79
LSD (P=0.05) n.d. ns 20
Stubble
Flax n.d. 140 59
Pea n.d. 136 78
LSD (P=0.05) nd. - ns ns
N Applied (kg ha™)
0 n.d. 129 56
30 AN n.d. 135 66
30 CRU n.d. 138 60
90 AN n.d. 146 86
90 CRU n.d. 141 75
LSD (P=0.05) n.d. ns 12
ANOVA df Pr>F
Stubble (S) 1 n.d. 0.73 0.0858
N Applied (kg ha™) 4 n.d. 0.43 0.0002
N*S 4 n.d. 0.37 0.6
- Contrasts
Peavs FlaxatO N n.d. - 0.33 0.0166
Pea vs Flax at 30 N n.d. 0.7 0.0032
Peavs Flaxat 90 N n.d. 0.92 0.0689
AN vs CRU n.d. 0.84 0.0474
ANvs CRU-30Nvs90N n.d. 0.52 0.49
ONvs30N n.d. 0.38 0.18
30N vs 90 N n.d. 0.27 0.0003
Peavs Flax-ONvs 30 N n.d. 0.52 0.81
Peavs Flax-30 Nvs 90 N n.d. 0.7 0.28
Pea at 30 N vs Flax 90 N n.d. 0.4 ' 0.99
C.V. (%) n.d. 13.5 17.0
* Ammonium nitrate
** Controlled-release urea
1 No data were collected.




Table D.13. N yield of the head fraction 35 days after anthesis at the Carman-00,
Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N Appl[?d Carman-00 Carman-01 Brandon-01
(kg ha™)
kg N ha™
Flax 0 108 138 60
Flax 30 AN* 113 132 65
Flax 30 CRU** 109 150 76
Flax 90 AN 113 152 106
Flax 90 CRU 132 156 96
Pea 0 127 127 76
Pea 30 AN 129 136 93
Pea 30 CRU 125 149 99
Pea 90 AN 152 149 88
Pea 90 CRU 116 143 104
LSD (P=0.05) 32 26 25
Stubble
Flax 115 146 81
Pea : 130 141 92
LSD (P=0.05) ns ns ns
N Applied (kg ha™") ,
0 117 133 68
30 AN 121 134 79
30 CRU 117 149 88
90 AN 132 151 97
90 CRU 124 150 100
LSD (P=0.05) ns ns 18
ANOVA df Pr>F
Stubble (S) 1 0.2 0.65 0.11
N Applied (kg ha™) 4 0.6 0.0647 0.0062
N*S 4 0.17 0.79 0.0954
Contrasts
Pea vs Flaxat O N 0.23 0.39 0.19
Pea vs Flax at 30 N 0.16 ' 0.84 0.0052
Pea vs Flax at 90 N 0.3 0.37 0.57
AN vs CRU 0.4 0.22 0.36
ANvs CRU-30Nvs 90 N 0.81 0.16 0.67
ONvs30N 0.87 0.21 0.0463
30Nvs 90 N 0.23 0.15 0.0212
Peavs Flax-ONvs 30 N 0.86 0.35 0.52
Peavs Flax-30 Nvs 90 N 0.78 0.38 0.0174
Pea at 30 N vs Flax 90 N 0.67 0.21 0.61
C.V. (%) 17.4 11.1 19.7

* Ammonium nitrate
** Controlled-release urea




Table D.14. N yield of the head fraction at various sampling dates at the Swift Current-01 site.

Treatment Sampling Date
N Applied . -
Stubble (kg ha™) Anthesis 7DAA 14DAA 21DAA 28DAA 35DAA
T kgN ha"
Durum 34 16 38 42 50 45 49
Durum 50 17 41 52 52 50 57
Durum 78 17 37 46 66 62 56
Pea 34 13 25 41 49 51 49
Pea 50 14 26 34 51 57 43
Pea 78 18 32 55 53 62 63
LSD (P=0.05) ns ns 16 ns ns ns
Stubble
Durum 17 39 47 56 53 54
Pea 15 28 43 51 57 52
LSD (P=0.05) ns 9 ns ns ns ns
N Applied (kg ha™)
34 15 31 42 50 48 49
50 15 34 43 52 54 50
78 17 35 50 60 62 59
LSD (P=0.05) ns ns ns ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.48 0.0262 0.43 0.41 0.43 0.73
N Applied (kg ha™) 2 0.6 0.77 0.26 0.39 0.12 0.39
N*S 2 0.82 0.63 0.0825 0.63 0.84 0.4
Contrasts
34Nvs50N 0.8 0.67 0.77 0.8 0.39 0.9
50Nvs78N 0.47 0.79 0.22 0.3 0.21 0.26
Pea vs Durum - 34 Nvs 50 N 0.89 0.88 0.16 0.99 0.96 0.35
Pea vs Durum - 50 Nvs 78 N 0.55 0.38 0.0296 0.42 0.59 0.19
Durum at 50 N vs Pea at 34 N 0.39 0.0508 0.16 0.78 0.94 0.49
Durum at 78 N vs Pea at 50 N 0.39 0.16 0.15 0.17 0.58 0.27
C.V. (%) 31.1 26.8 20.5 23.4 19.3 25.2

*Days after anthesis

6LC
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Table D.15. Aboveground plant N yield at the flag leaf stage at the Carman-00,
Carman-01. and Brandon-01 sites.
Treatment Site
Stubble N Apph:ed Carman-00 Carman-01 Brandon-01
(kgha’)
kg N ha”
Flax 0 nd.t 109 39
Flax 30 AN* n.d. 134 59
Flax 30 CRU™ n.d. 123 57
Flax 90 AN n.d. 168 111
Flax 90 CRU n.d. 149 83
Pea 0 n.d. 84 63
Pea 30 AN n.d. 101 88
Pea 30 CRU n.d. 128 80
Pea 90 AN n.d. 146 119
Pea 90 CRU n.d. 138 124
LSD (P=0.05) n.d. 38 22
Stubble
Flax n.d. 136 70
Pea n.d. 119 95
LSD (P=0.05) : n.d. ns 10
N Applied (kg ha™)
0 n.d. 97 51
30 AN nd. 117 73
30 CRU n.d. 125 69
90 AN nd. 157 115
90 CRU n.d. 143 103
LSD (P=0.05) n.d. 22 17
ANOVA df Pr>F
Stubble (S) 1 n.d. 0.35 0.0002
N Applied (kg ha™") 4 n.d. <0.0001 <0.0001
N*S 4 n.d. 0.44 0.39
Contrasts
Peavs FlaxatON n.d. - 0.18 0.0322
Peavs Flaxat 30 N n.d. 0.29 0.0021
Pea vs Flax at 90 N n.d. 0.22 0.0039
AN vs CRU n.d. 0.72 0.16
ANvs CRU-30Nvs 90N nd. 0.17 0.54
ONvs30N n.d. 0.0138 0.0083
30Nvs 90N n.d. 0.0009 <0.0001
Peavs Flax-ONvs 30 N n.d. 0.56 0.91
Peavs Flax- 30 Nvs 90 N n.d. 0.89 0.87
Pea at 30 Nvs Flax 90 N n.d. 0.0021 0.0855
C.V. (%) n.d. 16.8 19.4
* Ammonium nitrate
** Controlled-release urea
1 No data were collected.
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Table D.16. Aboveground plant N yield at anthesis at the Carman-00, Carman-01,

and Brandon-01 sites.
Treatment Site
Stubble N Applied Carman-00  Carman-01  Brandon-01
(kg ha™)
kg N ha™
Flax 0 91 143 45
Flax 30 AN* 105 139 70
Flax 30 CRU** 104 152 68
Flax 90 AN 143 150 120
Flax 90 CRU 126 164 97
Pea 0 106 112 75
Pea 30 AN 145 134 105
Pea 30 CRU 151 146 83
Pea 90 AN 190 173 124
§ Pea 90 CRU 153 158 123
E LSD (P=0.05) 19 30 20
L Stubble
- Flax 114 150 80
. Pea 149 145 102
§ LSD (P=0.05) 9 ns 9
% N Applied (kg ha) .
| 0 99 127 60
| 30 AN 125 137 87
§ 30 CRU 128 149 76
| 90 AN 166 161 122
?§ 90 CRU 139 161 110
. LSD (P=0.05) 13 21 14
% ANOVA df Pr>F
Stubble (S) 1 0.0034 0.49 0.0145
N Applied (kg ha™) 4 <0.0001 0.0098 <0.0001
N*S 4 0.0933 0.19 0.18
‘Contrasts .
Pea vs Flax at O N 0.115 0.0438 0.0044
Pea vs Flax at 30 N <0.0001 0.6 0.0009
Pea vs Flax at 90 N <0.0001 0.45 0.0382
AN vs CRU 0.0147 0.4 0.0198
AN vs CRU - 30 Nvs 90 N 0.0034 0.39 0.97
ONvs30N <0.0001 0.0975 0.0016
30Nvs 90N <0.0001 0.0186 <0.0001
Peavs Flax-ONvs 30N 0.0184 0.17 0.71
Pea vs Flax - 30 Nvs 90 N 0.48 0.37 0.28
Pea at 30 N vs Flax 90 N 0.0432 0.1 0.0498
C.V. (%) 9.9 14.1 15.1

* Ammonium nitrate
** Controlled-release urea




Table D.17. Aboveground plant N yield 7 days after anthesis at the Carman-00,
Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N Apph_::d Carman-00 Carman-01 Brandon-01
(kg ha™’)
kg N ha™
Flax (¢ 90 147 45
Flax 30 AN* 110 145 55
Flax 30 CRU** 105 ' 172 62
Flax 90 AN 135 172 129
Flax 90 CRU 149 168 99
Pea 0 138 125 86
Pea 30 AN 164 156 99
Pea 30 CRU 140 172 89
Pea 90 AN 197 178 151
Pea 90 CRU 150 170 138
L.SD (P=0.05) 25 29 24
Stubble
Flax 118 161 78
Pea 158 160 112
LSD (P=0.05) 11 ns 11
N Applied (kg ha™)
0 114 136 66
30 AN 137 150 77
30 CRU 123 172 76
90 AN 166 175 140
90 CRU 149 169 118
LSD (P=0.05) 17 21 17
ANOVA df Pr>F
Stubble (S) 1 0.01 08 0.0072
N Applied (kg ha™) 4 <0.0001 0.0039 <0.0001
N*S 4 0.0112 0.61 0.65
“Contrasts
Peavs FlaxatO N 0.0006 0.14 0.0013
Peavs Flaxat 30 N <0.0001 06 0.0002
Peavs Flaxat90 N 0.0011 0.73 0.0009
AN vs CRU 0.015 0.3 0.0606
ANvs CRU-30Nvs 90N 0.82 0.0736 0.0863
ONvs30N 0.0464 0.0106 0.14
30Nvs 90 N <0.0001 0.15 <0.0001
Peavs Flax-ONvs 30 N 0.85 0.15 0.68
Pea vs Flax- 30 Nvs 90 N 0.28 0.9 0.67
Pea at 30 N vs Flax 90 N 0.24 0.51 0.021
C.V. (%) 12.2 13.0 17.0

* Ammonium nitrate
** Controlled-release urea
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Table D.18. Aboveground plant N yield 14 days after anthesis at the Carman-00,
Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N Apphfd Carman-00 Carman-01 Brandon-01
(kg ha™)
kg N ha™
Flax 0 102 . 169 53
Flax 30 AN* 133 190 67
Flax 30 CRU** 132 199 64
Flax 90 AN 166 206 133
Flax 90 CRU 155 199 77
Pea 0 169 162 88
Pea 30 AN 172 189 93
Pea 30 CRU 167 170 91
Pea 90 AN 207 196 129
Pea 90 CRU 170 171 99
LSD (P=0.05) 36 29 26
Stubble
Flax 138 193 79
Pea 177 176 100
LSD (P=0.05) 16 13 ns
N Applied (kg ha")
0 136 161 71
30 AN 152 189 80
30 CRU 149 185 78
90 AN 186 201 131
90 CRU 163 185 88
LSD (P=0.05) 25 21 17
ANOVA df Pr>F
Stubble (S) 1 0.0197 0.0235 0.0979
N Applied (kg ha™") 4 0.0056 0.011 <0.0001
N*S 4 0.35 0.63 0.2
Contrasts
Peavs FlaxatO N 0.0008 0.23 0.012
Pea vs Flax at 30 N 0.0064 0.14 0.0063
Pea vs Flaxat 90 N 0.0348 0.0677 0.32
AN vs CRU 0.13 0.16 0.0007
ANvs CRU-30Nvs 90 N 0.24 0.44 0.0018
ONvs30N 0.16 0.0068 0.27
30Nvs 90N 0.0116 0.4 <0.0001
Peavs Flax-ONvs 30 N 0.17 0.92 0.59
Peavs Flax-30 Nvs 90 N 0.6t 0.81 0.14
Pea at 30 N vs Flax 90 N 0.5 0.0265 0.17
C.V. (%) 15.5 11.2 18.4

* Ammonium nitrate

** Controlled-release urea
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Table D.19. Aboveground plant N yield 21 days after anthesis at the Carman-00,
Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Apph_?d Carman-00 Carman-01 Brandon-01
(kgha)
kg N ha™
Flax 0 94 202 55
Flax 30 AN* 130 220 79
Fiax 30 CRU* 130 213 71
Flax 90 AN 179 237 118
Flax 90 CRU 170 244 103
Pea 0 167 203 98
Pea 30 AN 177 215 110
Pea 30 CRU 171 220 100
Pea 90 AN 217 244 134
Pea 90 CRU 193 228 118
LSD (P=0.05) 42 30 31
Stubble
Flax 141 223 85
Pea 185 222 112
LSD (P=0.05) 18 ns ns
N Applied (kg ha™)
0 131 202 77
30 AN 154 217 95
30 CRU 151 217 85
90 AN 198 241 126
90 CRU 182 236 110
LSD (P=0.05) 29 21 16
ANOVA df Pr>F
Stubble (S) : 1 0.0324 0.89 0.17
N Applied (kg ha™) 4 0.0005 0.0049 <0.0001
N*S 4 0.5 0.78 0.34
Contrasts
PeavsFlaxatON 0.0013 0.92 0.0078
Pea vs Flax at 30 N 0.0054 - 0.93 0.0087
Peavs Flaxat 90 N 0.0408 0.66 0.16
AN vs CRU 0.33 0.7 0.0286
ANvs CRU-30Nvs 90 N 0.49 0.78 0.56
ONvs30N 0.0857 0.0985 0.0581
30Nvs 90N 0.0008 0.0062 <0.0001
Peavs Flax-ONvs 30N 0.23 0.98 0.33
Peavs Flax-30Nvs 90N 0.52 0.7 0.19
Pea at 30 Nvs Flax 90 N 0.99 0.0335 0.61
C.V. (%) 17.0 9.0 15.7
* Ammonium nitrate
** Controlled-release urea
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Table D.20. Aboveground plant N yield 28 days after anthesis at the Carman-00,
Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Appl|-<1ad Carman-00 Carman-01 Brandon-01
(kgha™)
kg N ha™
Flax 0 n.d.t 189 58
Flax 30 AN* n.d. 206 74
Flax 30 CRU** n.d. 192 72
Flax 90 AN n.d. 212 121
Flax 90 CRU nd. 220 109
Pea 0 n.d. 171 . 97
Pea 30 AN n.d. 182 114
Pea 30 CRU n.d. 209 106
Pea 90 AN n.d. 221 155
Pea 90 CRU n.d. 214 129
LSD (P=0.05) n.d. 44 29
Stubble '
Flax n.d. 204 87
Pea n.d. 199 120
LSD (P=0.05) n.d. ns ns
N Applied (kg ha™)
0 n.d. 180 78
30 AN n.d. 194 94
30 CRU n.d. 200 89
90 AN n.d. 217 138
90 CRU n.d. 217 119
LSD (P=0.05) n.d. v ns 18
ANOVA df Pr>F
Stubble (S) 1 n.d. 0.77 0.0548
N Applied (kg ha™) 4 nd. 0.0697 <0.0001
N*S 4 n.d. 0.56 0.78
Contrasts
Peavs FlaxatO N n.d. 041 0.0104
Peavs Flax at 30 N n.d. 0.82 0.0009
Pea vs Flax at 90 N n.d. 0.91 0.0112
AN vs CRU n.d. 0.75 0.0616
ANvs CRU-30Nvs90N n.d. 0.78 0.26
ONvs30N n.d. 0.17 0.0851
30Nvs90 N n.d. 0.062 <0.0001
Pea vs Flax- 0 N vs 30 N n.d. 0.56 0.92
Peavs Flax-30 Nvs 90 N n.d. 0.8 0.42
Pea at 30 N vs Flax 90 N n.d. 0.19 _ 0.63
C.V. (%) n.d. 14.0 16.8
* Ammonium nitrate
** Controlled-release urea
1 No data were collected.
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Table D.21. Aboveground plant N yield 35 days after anthesis at the Carman-00,
Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N Appl[?d Carman-00 Carman-01 Brandon-01
(kg ha™)
kg N ha™
Flax 0 141 181 74
Flax 30 AN* 150 180 83
Flax 30 CRU** 145 201 98
Flax 90 AN 176 210 139
Flax 90 CRU 185 219 131
Pea 0 163 161 97
Pea 30 AN 188 188 122
Pea 30 CRU 171 206 132
Pea 90 AN 223 213 134
Pea 90 CRU 168 207 142
LSD (P=0.05) 42 30 29
Stubble
Flax 159 198 105
Pea 183 195 125
L.SD (P=0.05) ns ns 13
N Applied (kg ha'™")
0 152 171 86
30 AN 169 184 103
30 CRU 158 204 115
90 AN 200 212 137
90 CRU 177 213 137
LSD (P=0.05) 29 20 21
ANOVA df Pr>F
Stubble (S) 1 0.14 0.73 0.031
N Applied (kg ha™") 4 0.0218 0.0006 <0.0001
N*S 4 0.23 0.54 0.21
Contrasts
Peavs Flaxat O N 0.29 0.18 0.12
Peavs Flaxat 30 N 0.0347 0.54 0.001
Peavs Flax at 90 N 0.31 0.65 0.8
AN vs CRU 0.0976 0.15 0.4
ANvs CRU-30Nvs 90 N 0.56 0.19 0.42
ONvs30N 0.34 0.0119 0.014
30N vs 90 N 0.0218 0.0136 0.0006
Peavs Flax-ONvs 30 N 0.68 0.13 0.43
Peavs Flax-30 Nvs 90 N 0.39 0.42 0.0256
Pea at 30 N vs Flax 90 N 0.97 0.1 0.4
C.V. (%) 16.4 9.9 17.5

* Ammonium nitrate

** Controlled-release urea




Table D.22. Aboveground plant N yield at various sampling dates at the Swift Current-01 site.

Treatment Sampling Date
Stubble "('kgpg‘.?)d FlaglLeaf  Anthesis  7DAA* 14DAA 21DAA 28DAA 35DAA
kg N ha™
Durum 34 25 56 82 64 64 58 64
Durum 50 28 57 90 71 86 61 75
Durum 78 30 69 94 94 84 79 83
Pea 34 20 43 55 70 67 64 62
Pea 50 10 50 65 67 62 74 55
Pea 78 21 72 78 78 103 76 79
LSD (P=0.05) 19 27 ns 38 28 ns ns
Stubble
Durum 28 61 89 76 78 66 74
Pea 17 55 66 72 77 71 65
LSD (P=0.05) ns ns ns ns ns ns ns
N Applied (kg ha™)
34 23 50 69 67 66 61 63
50 19 53 78 69 74 68 65
78 26 71 86 86 93 77 81
LSD (P=0.05) ns ns ns ns 27 ns ns
ANOVA df Pr>F
Stubble (S) 1 0.058 0.45 0.0843 0.94 0.56 0.43 0.35
N Applied (kg ha™) 2 0.58 0.074 0.5 0.11 0.11 0.18 0.24
N*S 2 0.58 0.63 0.94 0.25 0.46 0.62 0.69
Contrasts
34 Nvs50N 0.58 0.67 0.54 0.5 0.83 0.42 0.88
50Nvs 78 N 0.31 0.0736 0.57 0.15 0.0862 0.28 0.16
Pea vs Durum - 34 Nvs 50 N 0.32 0.75 0.95 0.3 0.59 0.68 0.45
Peavs Durum-50Nvs 78 N 0.47 0.54 0.79 0.11 0.48 0.34 0.49
Durum at 50 N vs Pea at 34 N 0.38 0.28 0.12 0.29 0.97 0.81 0.43
Durum at 78 N vs Pea at 50 N 0.0426 0.15 0.18 0.24 0.0573 0.72 0.0946
C.V. (%) 48.5 26.4 32.5 27.3 20.9 20.5 27.4

*Days after anthesis

L8C
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Table D.23. Aboveground plant N accumulated between 0 and 35 days after anthesis at
the Carman-00, Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Apph_?d Carman-00 Carman-01 Brandon-01
(kg ha’)
kg N ha™
Flax 0 49 34 29
Flax 30 AN* 45 35 14
Flax 30 CRU** 40 30 30
Flax 90 AN 33 38 19
Flax 90 CRU 59 51 35
Pea 0 57 35 21
Pea 30 AN 43 33 17
Pea 30 CRU 20 41 48
Pea 90 AN 33 35 10
Pea 90 CRU 15 37 19
LSD (P=0.05) 40 ns 31
Stubble
Flax 45 38 25
Pea 34 36 23
LSD (P=0.05) ns ns ns
N Applied (kg ha™")
0 53 35 25
30 AN 44 34 15
30 CRU 30 35 39
90 AN 33 37 14
90 CRU 37 44 27
L. SD (P=0.05) ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.24 0.92 0.42
N Applied (kg ha™") 4 0.49 0.95 0.2
N*S 4 0.38 0.91 0.61
Contrasts
Peavs FlaxatO N 0.71 0.96 0.6
Pea vs Flax at 30 N 0.43 074 0.33
Peavs Flaxat 90 N 0.13 0.56 0.25
AN vs CRU 0.62 0.65 0.0304
ANvs CRU-30Nvs 90 N 0.37 0.77 0.48
ONvs30N 0.2 0.98 0.85
30Nvs 90N 0.83 0.57 0.41
Peavs Flax-ONvs 30N 0.45 0.87 0.35
Peavs Flax-30 Nvs 90 N 0.6 05 0.16
Pea at 30 N vs Flax 90 N 0.31 0.61 0.6
* Ammonium nitrate
** Controlled-release urea
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Table D.24. Post-anthesis aboveground N accumulation as a percentage of aboveground
plant N yield 35 days after anthesis at the Carman-00, Carman-01, and Brandon-01
sites.
Treatment Site
Stubble N Apph_?d Carman-00 Carman-01 Brandon-01
(kgha’)
Flax 0 34.3 19.7 39.1
Flax 30 AN* 25.2 223 15.6
Flax 30 CRU** 26.6 242 30.2
Flax 90AN 18.5 28.2 9.6
Flax 90 CRU 29.1 24.7 26.5
Pea 0 34.3 31.1 226
Pea 30 AN 22.5 28.3 13.0
Pea 30 CRU 8.2 27.9 34.4
Pea 90 AN 135 18.3 4.7
Pea 90 CRU 6.4 234 13.3
LSD (P=0.05) 22.2 ns 21.1
Stubble
Flax 26.8 23.8 242
Pea 17.0 25.8 17.6
LSD (P=0.05) ns ns ns
N Applied (kg ha™")
0 34.3 25.4 30.9
30 AN 23.9 25.3 14.3
30 CRU 17.4 26.0 32.3
90 AN 16.0 23.3 7.2
90 CRU 17.8 240 - 19.9
LSD (P=0.05) ns ns 15.8
ANOVA df Pr>F
Stubble (S) 1 0.0337 0.12 0.0334
N Applied (kg ha™") 4 0.16 0.99 0.0135
N*S 4 0.54 0.55 0.68
Contrasts
Peavs FlaxatON 0.99 S 02 0.12
Peavs Flaxat 30 N 0.18 0.43 0.92
Peavs Flaxat 90 N 0.0813 0.37 0.23
AN vs CRU 0.68 0.87 0.0091
ANvs CRU-30Nvs 90N 0.47 1 0.63
ONvs30N 0.0598 0.96 0.27
30Nvs 90 N 0.51 0.67 0.0839
PeavsFlax-ONvs 30N 0.45 0.56 0.21
Peavs Flax-30Nvs 90 N 0.77 0.26 0.38
Pea at 30 N vs Flax 90 N 0.28 0.79 0.45
* Ammonium nitrate
** Controlled-release urea




Table D.25. N yield of head fraction as a percentage of total aboveground plant N yield

35 days after anthesis at the Carman-00, Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N Apph_e’ad Carman-00 Carman-01 Brandon-01
(kg ha™)
Flax 0 76.1 76.6 80.3
Flax 30 AN* 76.1 73.1 78.5
Flax 30 CRU** 75.1 74.4 77.4
Flax 90 AN 64.2 72.6 75.8
Flax 80 CRU 71.9 71.3 73.0
Pea 0 78.0 79.1 78.7
Pea 30 AN 69.2 725 76.4
Pea 30 CRU 735 722 76.2
Pea 90 AN 67.8 69.7 64.2
Pea 90 CRU 69.5 68.9 73.3
LSD (P=0.05) 8.2 4.8 9.3
Stubble
Flax 72.7 736 77.0
Pea 71.6 725 737
LSD (P=0.05) ns ns ns
N Applied (kg ha™")
0 77.0 77.8 79.5
30 AN 72.6 72.8 775
30 CRU 74.3 73.3 76.8
90 AN 66.0 71.2 70.0
90 CRU - 70.7 70.1 73.1
LSD (P=0.05) 6.0 2.9 6.5
ANOVA df Pr>F
Stubble (S) 1 0.36 0.61 0.24
N Applied (kg ha™) 4 0.0124 0.0001 0.0444
N*S 4 0.44 0.33 0.3656
“‘Contrasts
Peavs FlaxatO N 0.63 0.29 0.71
Peavs Flaxat 30 N 0.14 0.42 0.6
"Peavs Flax at 90 N 0.83 0.13 0.0857
AN vs CRU 0.14 0.77 0.58
ANvs CRU-30Nvs90 N 0.47 0.45 0.41
ONvs30N 0.17 0.0007 04
30Nvs 90N 0.0206 0.022 0.0196
Peavs Flax-ONvs 30 N 0.24 0.12 1
Pea vs Flax - 30 Nvs 90 N 0.25 0.55 0.38
Pea at 30 N vs Flax 90 N 0.25 0.79 0.56
C.V. (%) 8.1 3.8 8.4

* Ammonium nitrate

** Controlled-release urea
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Table D.26. Selected N uptake parameters measured at the Swift Current-01 site.>?

Treatment . % N
Stubble N Appli?d F’a(::sctu?rr:tt:l‘:tiscl;:l accumulation a::rl :r?tl?:s},/izb
(kg ha) post-anthesis®
----kg N ha™'---- === Yo -=n-
Durum 34 8.2 135 75.7
Durum 50 175 21.3 76.3
Durum 78 14.5 14.9 67.7
Pea 34 19.0 31.6 79.9
Pea 50 5.3 10.2 79.3
Pea 78 6.6 3.2 79.4
LSD (P=0.05) ns ns 8.2
Stubble
Durum 134 16.6 73.2
Pea 10.3 15.0 79.5
LSD (P=0.05) ns ns 4.8
N Applied (kg ha'®)
34 13.6 225 77.8
50 11.4 15.8 77.8
78 105 9.1 73.6
LSD (P=0.05) ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.68 0.87 0.013
N Applied (kg ha™") 2 0.94 0.53 0.23
N*S 2 0.43 0.38 0.25
Contrasts
34 Nvs50 N 0.81 0.58 0.99
50Nvs78N 0.93 0.58 0.14
Pea vs Durum - 34 Nvs 50 N 0.23 0.24 0.8
Peavs Durum-50 Nvs 78 N 0.82 0.98 0.13
Durum at 50 Nvs Pea at 34 N 0.91 0.55 0.34
Durum at 78 N vs Pea at 50 N 0.48 0.78 0.01
*Days after anthesis

2 'Post-anthesis’ refers to the period between anthesis and 35 DAA.
® NH! refers to N yield of the head fraction as a percentrage of total aboveground N yield
35 DAA.
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8.5. APPENDIX E — ANALYSIS OF VARIANCE, LSDs, AND CONTRASTS FOR
THE EFFECTS OF PREVIOUS CROP AND FERTILIZER NITROGEN
TREATMENTS ON SOIL NH4-N AND NO;-N AT THE CARMAN, BRANDON,
AND SWIFT CURRENT EXPERIMENTAL SITES
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Table E.1. Distribution of estimated NH4-N (kg ha™) in the soil profile prior to
planting as affected by previous crop at the Carman-00, Carman-01, Brandon-01,
and Swift Current-01 sites.?
Depth (cm)
0-15¢cm 15-60 cm 60-120 cm 0-120 cm
Carman-00
Pea 30 71 110 211
Flax 37 91 95 223
Significance (P) 0.56 0.45 0.6 0.84
CV (%) 9.4 8.1 6.2 5.6
Depth (cm)
0-15 cm 15-60 cm 60-120 cm 0-120 cm
Carman-01
Pea 15 28 37 80
Flax 17 31 46 94
Significance (P) 0.33 0.40 0.12 0.0488
CV (%) 8.2 3.9 4.5 2.0
Depth (cm) '
0-15cm 15-60 cm 60-120 cm 0-120 cm
Brandon-01
Pea 49 52 83 184
Flax 57 49 54 160
Significance (P) 0.84 0.95 0.65 0.81
CV (%) 9.2 23.2 20.4 10.1
Depth (cm)
0-15cm 15-60 cm 60-120 cm 0-120 cm
Swift-Current-01
Pea 10 29 40 78
Durum 7 26 36 68
Significance (P) 0.29 0.3 0.26 0.24
CV (%) 22.4 8.4 6.7 6.0
# Means are presented as non-transformed data, otherwise statistics are
shown as log-transformed data.
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Table E.2. Estimated quantity of NH4-N in the 0-10 cm depth at anthesis at the
Carman-00, Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Applfd Carman-00 Carman-01 Brandon-01
(kg ha™)
kg NH4-N ha'
Flax 0 10.3 12.1 6.1
Flax 30 AN* 11.8 13.8 7.6
Flax 30 CRU** 10.4 134 6.1
Flax 90 AN 11.1 12.7 6.2
Flax 90 CRU 7.8 14.9 6.2
Pea 0 11.9 14.8 5.9
Pea 30 AN 10.5 13.2 6.7
Pea 30 CRU 9.1 17.0 6.0
Pea 90 AN 12.2 14.3 6.2
Pea 90 CRU 11.0 17.5 6.8
LSD (P=0.05) ns ns ns
Stubble
Flax 10.3 134 6.4
Pea 10.9 15.4 6.3
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
0 11.1 135 6.0
30 AN 11.1 135 7.2
30 CRU 9.7 15.2 6.1
90 AN 11.5 135 6.2
90 CRU 9.4 16.2 6.5
LSD (P=0.05) ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.28 0.38 0.086
N Applied (kg ha™") 4 0.5 0.73 0.3
N*S 4 0.51 0.93 0.81
Contrasts
Peavs FlaxatO N 042 0.46 0.77
Peavs Flaxat 30 N 0.38  0.55 0.41
Peavs Flaxat90 N 0.16 0.42 0.59
AN vs CRU 0.0964 0.23 0.38
ANvs CRU-30Nvs 90N 0.69 0.77 0.1
ONvs30N 0.61 0.69 0.24
30Nvs 90N 0.92 0.78 0.53
Pea vs Flax- 0 N vs 30 N 0.27 0.78 0.82
Peavs Flax-30 Nvs 90 N 0.12 0.87 0.36
Pea at 30 N vs Flax 90 N 0.81 0.61 0.74
C.V. (%) 36.4 34.6 18.6
* Ammonium nitrate
** Controlled-release urea




Table E.3. Estimated quantity of NH4-N in the 10-30 cm depth at anthesis at the

Carman-00, Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N App".?d Carman-00 Carman-01 Brandon-01
(kgha")
kg NH4-N ha™
Flax 0 16.7 35.8 11.6
Flax 30 AN* 11.7 26.5 11.0
Flax 30 CRU** 1156 24.3 10.4
Flax 90 AN 11.7 19.9 10.0
Flax 90 CRU 16.8 235 9.5
Pea 0 12.0 234 10.0
Pea 30 AN 12.2 21.8 9.8
Pea 30 CRU 15.4 25.6 9.3
Pea 90 AN 1.4 27.0 9.4
Pea 90 CRU 18.6 22.4 10.6
LSD (P=0.05) ns ns ns
Stubble
Flax 13.7 25.8 105
Pea 14.0 241 9.8
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
0 144 29.6 10.8
30 AN 12.0 23.7 104
30 CRU 134 25.0 9.9
90 AN 11.6 235 9.7
90 CRU 17.7 23.0 10.1
LSD (P=0.05) ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.96 0.68 0.19
N Applied (kg ha™") 4 0.11 0.59 0.68
N*S 4 0.47 0.33 0.54
Contrasts
Peavs FlaxatO N 0.23 0.0777 0.18
Pea vs Flaxat 30 N 0.43 0.8 0.16
Pea vs Flax at90 N 0.69 0.53 0.8
AN vs CRU 0.0337 0.9 0.89
ANvs CRU-30Nvs 90N 0.17 0.78 0.44
ONvs 30N 0.43 0.19 0.37
30Nvs 90N 0.3 0.74 0.65
PeavsFlax-ONvs 30 N 0.1 0.17 0.78
Peavs Flax-30 Nvs 90 N 0.64 0.51 0.25
Peaat 30 Nvs Flax 90 N 0.88 0.68 0.79
C.V. (%) 34.2 36.7 16.1

* Ammonium nitrate

** Controlled-release urea
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Table E.4. Estimated quantity of NH4-N in the 30-50 cm depth at anthesis at the
Carman-00, Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N App "_?d Carman-00 Carman-0t Brandon-01
(kg ha™)
kg NH4-N ha™
Flax 0 15.1 234 116
Flax 30 AN* 10.0 254 11.0
Flax 30 CRU** 11.0 19.3 10.4
Flax 90 AN 10.9 227 10.0
Flax 90 CRU 11.9 26.7 9.5
Pea 0 10.6 25.8 10.0
Pea 30 AN 10.9 25.6 9.8
Pea 30 CRU . 10.3 225 9.3
Pea 90 AN 11.3 314 9.4
Pea 90 CRU 9.6 20.6 10.6
LSD (P=0.05) ns < ns ns
Stubble
Flax 11.8 235 12.3
Pea 10.5 252 12.6
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
0 12.9 246 11.8
30 AN 104 255 12.6
30 CRU 10.6 20.9 124
90 AN 11.0 27.0 13.0
90 CRU 10.7 23.6 12.7
LSD (P=0.05) ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.0895 0.14 0.7
N Applied (kg ha™) 4 0.52 0.26 0.92
N*S 4 0.36 0.13 0.85
Contrasts
Peavs FlaxatO N 0.0411 0.51 0.58
Pea vs Flax at 30 N 0.97 ' 0.51 0.58
Peavs Flaxat 90 N 0.76 0.63 0.71
AN vs CRU 0.78 0.0479 0.8
ANvs CRU-30Nvs 90N 0.65 0.77 0.97
ONvs30N ’ 0.0979 0.55 0.56
30Nvs 90N 0.59 0.27 0.71
PeavsFlax-ONvs 30N 0.1 0.88 0.45
Pea vs Flax- 30 Nvs 90 N 0.83 0.91 0.9
Pea at 30 Nvs Flax 90 N 0.59 0.8 0.84
C.V. (%) 27.9 22.1 21.7
* Ammonium nitrate
** Controlled-release urea
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Table E.5. Estimated quantity of NH4-N in the 50-70 cm depth at anthesis at the
Carman-00, Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
kg NH4-N ha™
Flax 0 12.4 30.5 13.5
Flax 30 AN* 11.8 29.4 135
Flax 30 CRU* 12.3 274 12.4
Flax 90 AN 11.4 25.0 12.8
Flax 90 CRU 10.2 23.2 11.7
Pea 0 8.1 226 103
Pea 30 AN 115 319 12.1
Pea 30 CRU 12.1 27.9 10.4
Pea 90 AN 13.1 26.6 10.9
Pea 90 CRU 11.4 26.8 9.7
LSD (P=0.05) ns ns ns
Stubble
Flax 11.6 27.1 12.8
Pea 11.1 271 10.7
LSD (P=0.05) ns ns ns
N Applied (kg ha')
0 10.2 26.5 11.9
30 AN 116 30.7 12.8
30 CRU 12.2 27.7 11.4
90 AN 12.1 258 11.9
90 CRU 10.8 25.0 10.7
LSD (P=0.05) ns ns
ANOVA df Pr>F
Stubble (S) 1 0.92 0.99 0.0664
N Applied (kg ha™") 4 0.67 0.82 0.6
N*S 4 0.36 0.8 0.97
Contrasts
Peavs FlaxatO N 0.0958 0.3 0.0915
Pea vs Flax at 30 N 0.89 1 0.79 0.18
Peavs Flaxat 90 N 0.3 0.63 0.15
AN vs CRU 0.56 0.59 0.18
ANvs CRU-30Nvs 90N 0.31 0.77 0.9
ONvs30N 0.27 0.55 0.84
30Nvs 90N 0.92 0.3 0.38
Peavs Flax-ONvs 30 N 0.18 0.3 0.53
Peavs Flax-30 Nvs 90 N 0.36 0.87 0.94
Pea at 30 N vs Flax 90 N 0.57 0.29 0.45
C.V. (%) 30.1 37.1 22.3
* Ammonium nitrate
** Controlled-release urea




Table E.6. Estimated quantity of NH4-N in the 70-90 cm depth at anthesis at the

Carman-00, Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
kg NH4-N ha
Flax 0 10.6 22.9 12.5
Flax 30 AN* 13.4 19.2 9.8
Flax 30 CRU** 105 245 10.3
Flax 90 AN 10.1 21.3 10.8
Flax 90 CRU 12.7 17.3 11.8
Pea 0 10.2 25.6 10.6
Pea 30 AN 11.8 26.9 11.2
Pea 30 CRU 9.3 23.6 9.7
Pea 90 AN 7.8 20.2 10.3
Pea 90 CRU 9.7 26.5 10.8
LSD (P=0.05) ns 6.2 ns
Stubble
Flax 114 21.0 111
Pea 9.9 245 105
LSD (P=0.05) ns ns ns
N Applied (kg ha™")
0 104 243 11.6
30 AN 12.6 23.1 105
30 CRU 9.9 241 10.0
90 AN 9.1 20.8 10.6
90 CRU 11.2 21.9 11.3
LSD (P=0.05) ns ns ns
ANOQVA df Pr>F
Stubble (S) 1 0.12 0.0627 0.74
N Applied (kg ha™") 4 0.19 0.45 0.58
N*S 4 0.91 0.077 0.65
Contrasts
Peavs FlaxatO N 0.83 0.38 0.29
Pea vs Flax at 30 N 0.29 0.13 0.76
Pea vs Flax at 90 N 0.11 0.07 0.54
AN vs CRU 0.62 05 0.85
ANvs CRU-30Nvs 90 N 0.0306 0.97 0.41
ONvs 30N 0.45 0.72 017
30Nvs 90 N 0.35 0.15 0.36
Peavs Flax-ONvs 30 N 0.67 0.86 0.22
Pea vs Flax-30 Nvs 90 N 0.73 0.83 0.45
Pea at 30 N vs Flax 90 N 0.54 0.0095 0.49
C.V. (%) 25.1 19.1 19.5

* Ammonium nitrate

** Controlled-release urea
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Table E.7. Estimated quantity of NH4-N in the 90-110 cm depth at anthesis at the
Carman-00, Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kgha™)
kg NH4-N ha™
Flax 0 15.1 17.4 11.2
Flax 30 AN* 11.2 18.4 11.2
Flax 30 CRU* 9.1 23.0 12.6
Flax 90 AN 9.4 23.4 10.7
Flax 90 CRU 11.3 20.0 131
Pea 0 8.0 23.0 9.5
Pea 30 AN 11.9 33.7 10.3
Pea 30 CRU 155 20.1 151
Pea 90 AN 8.3 19.1 119
Pea 90 CRU 10.1 30.2 11.6
LSD (P=0.05) ns 9.4 ns
Stubble
Flax 11.2 25.2 11.8
Pea 10.9 204 1.7
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
0 11.6 20.2 10.3
30 AN 1.5 26.0 10.7
30 CRU 12.3 215 13.8
90 AN 8.9 21.2 113
90 CRU 10.7 251 12.3
LSD (P=0.05) ns ns ns
ANOQVA df Pr>F
Stubble (S) 1 0.76 0.2 0.96
N Applied (kg ha™") 4 0.73 0.24 0.38
N*S 4 0.18 0.0148 0.75
Contrasts
Peavs FlaxatON 0.0666 0.24 0.55
Pea vs Flax at 30 N 0.18 0.0669 0.69
Pea vs Flaxat 90 N 0.65 0.36 0.93
AN vs CRU 047 0.88 0.14
ANvs CRU-30Nvs 90 N 0.75 0.0613 0.44
ONvs30N 0.89 0.19 0.25
30N vs 90 N 0.25 0.78 0.74
PeavsFlax-O0Nvs 30N 0.0279 0.9 0.46
Pea vs Flax-30 Nvs 90 N 0.2 0.46 0.72
Pea at 30 N vs Flax 90 N 0.22 0.12 0.7
C.V. (%) 47.4 26.5 32.5

* Ammonium nitrate

** Controlled-release urea
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Table E.8. Estimated quantity of NH4-N in the 0-110 cm depth at anthesis at the
Carman-00, Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Applx.?d Carman-00 Carman-01 Brandon-01
(kgha')
kg NH4-N ha
Flax 0 106 142 67
Flax 30 AN* 94 132 66
Flax 30 CRU** 90 132 63
Flax 90 AN 93 - 125 64
Flax 90 CRU 100 125 64
Pea 0 102 135 57
Pea 30 AN 108 153 62
Pea 30 CRU 119 137 64
Pea 90 AN 131 139 62
Pea 90 CRU 140 144 63
LSD (P=0.05) ns ns ns
Stubble
Flax 70 142 65
Pea 67 131 62
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
0 104 139 62
30 AN 101 142 64
30 CRU 105 134 64
90 AN 109 132 63
90 CRU 120 135 64
LSD (P=0.05) ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.6 0.38 0.44
N Applied (kg ha™") 4 0.82 0.77 0.99
N*S 4 0.11 0.51 0.78
Contrasts
Peavs Flaxat O N 0.0107 0.63 0.13
Pea vs Flaxat 30 N 0.57 C 02 0.73
Peavs Flax at 90 N 0.82 0.1 0.68
AN vs CRU 0.6 0.68 0.95
ANvs CRU-30Nvs 90 N 0.39 0.38 0.78
ONvs30N 0.67 0.96 0.67
30N vs 90 N 0.83 0.42 0.79
Peavs Flax-ONvs 30N 0.0135 0.21 0.26
Pea vs Flax - 30 Nvs 90 N 0.78 0.81 0.95
Pea at 30 Nvs Flax 90 N 0.6 0.0553 0.84
C.V. (%) 14.0 15.6 12.7
* Ammonium nitrate
** Controlled-release urea




Table E.9. Estimated quantity of NH4-N at anthesis at various sampling depths at the Swift Current-01 site.

Treatment Sampling Depth
Stubble "(’k';p::.?)d 0-10cm  10-80cm  30-50cm  50-70cm  70-90em  90-110cm  0-110.cm
) kg NH4-N ha"
Durum 34 8.9 17.3 12.7 10.2 9.3 11.1 69.5
Durum 50 9.5 125 12.3 13.2 112 11.8 70.5
Durum 78 7.9 15.6 154 14.0 15.0 185 86.5
Pea 34 8.2 16.0 14.0 12.8 12.0 13.1 76.1
Pea 50 9.8 18.5 15.0 134 12.6 16.4 85.6
Pea 78 7.4 14.7 15.7 13.6 16.2 16.9 84.5
LSD (P=0.05) ns 5.9 ns ns 3.8 4.6 ns
Stubble
Durum 8.8 15.1 13.5 125 11.8 13.8 75.5
Pea 8.5 16.4 14.9 13.2 13.6 15.5 82.0
LSD (P=0.05) ns ns ns ns ns ns ns
N Applied (kg ha™)
34 8.5 16.6 13.3 11.5 10.6 12.1 72.8
50 9.7 15.5 13.6 13.3 11.9 141 78.1
78 7.6 15.2 15.5 13.8 15.6 17.7 85.5
LSD (P=0.05) ns ns ns ns 2.7 3.2 ns
ANOVA df Pr>F
Stubble (S) 1 0.82 0.44 0.4 0.57 0.1 0.19 0.23
N Applied (kg ha™) 2 0.49 0.72 0.51 0.35 0.0045 0.0086 0.17
N*S 2 0.94 0.14 0.83 0.62 0.8 0.15 0.43
Contrasts
34Nvs50N 0.51 0.55 0.88 0.29 0.32 0.21 0.42
S50Nvs78 N 0.24 0.87 0.36 0.75 0.0112 0.0316 0.26
Pea vs Durum - 34 N vs 50 N 0.75 0.0799 0.74 0.46 0.59 04 0.51
Pea vs Durum -50 Nvs 78 N 0.82 0.0941 0.55 0.87 0.96 0.0567 0.2
" Durum at 50 Nvs Pea at 34 N 0.57 0.22 0.55 0.85 0.67 0.53 0.55
Durum at 78 N vs Pea at 50 N 0.42 0.32 0.88 0.78 0.2 0.34 0.93
C.V. (%) 33.0 20.9 24.4 21.4 16.8 17.6 13.9
*Days after anthesis
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Table E.10. Estimated quantity of NO,-N in the 0-10 ¢cm depth at anthesis at the

Carman-00, Carman-01, and Brandon-01 sites.?

Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kgha’)
kg NOs-N ha™
Flax 0 7.8 2.0 8.2
Flax 30 AN* 8.5 2.0 5.1
Flax 30 CRU** 7.7 29 5.8
Flax 90 AN 9.7 35 1.9
Flax 90 CRU 10.6 3.6 11.1
Pea 0 9.5 2.0 8.7
Pea 30 AN 9.5 1.5 7.9
Pea 30 CRU 9.8 1.7 8.4
Pea 90 AN 15.0 3.1 8.8
Pea 90 CRU 171 3.2 13.9
LSD (P=0.05) 5.2 1.7 3.9
Stubble
Flax 8.8 2.8 8.4
Pea 12.0 23 9.5
LSD (P=0.05) ns ns ns
N Applied (kg ha™")
0 8.6 2.0 8.5
30 AN 9.0 1.7 6.5
30 CRU 8.8 2.3 74
90 AN 12.0 3.3 10.4
90 CRU 13.8 3.4 125
LSD (P=0.05) 3.3 ns 2.8
ANOVA df Pr>F
Stubble (S) 1 0.0684 0.65 0.1
N Applied (kg ha™) 4 0.0093 0.81 0.0002
N*S 4 0.59 0.88 0.0911
Contrasts
Peavs FlaxatON 0.29 0.98 0.96
Pea vs Flax at 30 N 04 0.14 0.0047
Peavs Flaxat 90 N 0.0083 0.99 0.84
AN vs CRU 0.64 0.13 0.12
ANvs CRU-30Nvs 90 N 0.36 - 0.55 0.64
ONvs30N 0.97 0.89 0.0602
30Nvs 90 N 0.0014 <0.0001 <0.0001
Peavs Flax-O0Nvs 30 N 0.7 0.31 0.1
Pea vs Flax-30 Nvs 90 N 0.13 0.51 0.0327
Pea at 30 N vs Flax 90 N 0.53 0.0018 0.0141
C.V. (%) 12.2 27.2 12.1

* Ammonium nitrate
** Controlled-release urea

® Statistics are based on log transformed data due to the high variability of the NO4-N
data. Treatment and group means as well as LSD values are not transformed.
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Table E.11. Estimated quantity of NOg-N in the 10-30 cm depth at anthesis at the
Carman-00, Carman-01, and Brandon-01 sites.?

Treatment Site
Stubble N Apphﬁ;d Carman-00 Carman-01 Brandon-01
(kg ha™)
kg NO;-N ha™
Flax 0 5.6 4.2 7.0
Flax 30 AN* 4.6 4.6 6.0
Flax 30 CRU** 5.1 4.4 5.7
Flax 90 AN 6.0 59 10.3
Flax 90 CRU 6.3 5.0 8.2
Pea 0 6.6 3.3 7.1
Pea 30 AN 7.4 3.6 8.0
Pea 30 CRU 11.0 3.7 7.9
Pea 90 AN 8.9 57 10.6
Pea 90 CRU 9.7 5.0 11.9
LSD (P=0.05) 5.0 1.6 3.1
Stubble
Flax 5.5 4.8 7.5
Pea 8.7 4.3 9.1
LSD (P=0.05) ns ns ns
N Applied (kg ha™")
0 6.1 3.7 7.1
30 AN 6.0 4.1 7.0
30 CRU 8.1 4.1 6.8
90 AN 7.3 5.8 10.5
90 CRU 8.0 5.0 10.1
LSD (P=0.05) ns ns 2.2
ANOVA df Pr>F
Stubbie (S) 1 0.12 : 0.56 0.12
N Applied (kg ha™) 4 0.22 0.31 0.0061
N*S 4 0.64 0.5 0.43
Contrasts
Peavs FlaxatO N 0.46 0.26 0.83
Pea vs Flaxat30 N 0.0031 0.18 0.0146
Peavs Flaxat 90 N 0.0141 0.78 0.35
AN vs CRU 0.18 0.41 0.58
ANvs CRU-30Nvs90 N 0.69 -0.31 0.8
ONvs30N 0.77 0.3 0.77
30Nvs 90 N 0.11 0.0005 0.0005
Peavs Flax-ONvs 30N 0.14 0.86 0.11
Peavs Flax-30 Nvs 90 N 0.59 0.18 0.25
Pea at 30 N vs Flax 90 N 0.0623 0.0068 0.29
C.V. (%) 14.5 41.6 : 12.6

* Ammonium nitrate

** Controlled-release urea

# Statistics are based on log transformed data due to the high variability of the NO4-N
data. Treatment and group means as well as LSD values are not transformed.
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Table E.12. Estimated quantity of NO5-N in the 30-50 cm depth at anthesis at the
Carman-00, Carman-01, and Brandon-01 sites.?

Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kgha")
kg NO3-N ha™
Flax 0 3.6 4.3 7.2
Flax 30 AN* 3.4 3.7 8.3
Flax 30 CRU* 3.8 3.7 7.5
Flax 90 AN 34 8.7 9.2
Flax 90 CRU 3.6 7.6 46
Pea 0 35 2.8 7.6
Pea 30 AN 4.6 3.6 8.2
Pea 30 CRU 5.2 3.9 7.5
Pea 90 AN 12.1 7.3 8.3
Pea 90 CRU 7.9 5.2 85
LSD (P=0.05) 4.1 4.4 3.3
Stubble
Flax , 3.6 5.6 7.4
Pea 6.4 4.5 8.0
LSD (P=0.05) ns ns ns
N Applied (kg ha™")
0 3.5 35 7.4
30 AN 4.0 3.6 8.2
30 CRU 45 3.8 7.5
90 AN 7.2 8.0 8.8
90 CRU 5.8 6.4 6.6
LSD (P=0.05) 2.7 ns ns
ANOVA df Pr>F
Stubble (S) 1 0.0761 0.58 0.45
N Applied (kg ha™) 4 0.0049 0.0688 0.11
N*S 4 0.0027 0.54 0.0841
Contrasts
Pea vs FlaxatO N 0.8 0.15 0.88
Pea vs Flax at 30 N 0.0433 0.98 0.77
Pea vs Flaxat90 N <0.0001 0.62 0.0588
AN vs CRU 0.52 0.43 0.0192
ANvs CRU-30Nvs90N 0.12 - 0.32 0.21
ONvs30N 0.1 0.44 0.57
30Nvs 90N 0.0033 0.0003 0.54
Peavs Flax-ONvs 30N 0.21 0.19 0.96
Pea vs Flax- 30 Nvs 90 N 0.002 0.68 0.18
Pea at 30 N vs Flax 90 N 0.0336 0.0073 0.14
C.V. (%) 18.0 49.6 11.9

* Ammonium nitrate

** Controlled-release urea
¥ Statistics are based on log transformed data due to the high variability of the NO;-N
data. Treatment and group means as well as LSD values are not transformed.
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Table E.13. Estimated quantity of NO,-N in the 50-70 cm depth at anthesis at the
Carman-00, Carman-01, and Brandon-01 sites.?
Treatment Site
Stubble N Apph_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
kg NOs-N ha™
Flax 0 3.6 14.5 5.0
Flax 30 AN* 3.0 4.2 5.8
Flax 30 CRU** 3.1 5.9 5.6
Flax 90 AN 3.3 16.0 7.6
Flax 90 CRU 3.5 16.6 3.6
Pea 0 5.3 42 4.6
Pea 30 AN 5.1 6.3 45
Pea 30 CRU 5.8 6.2 3.8
Pea 90 AN 12.8 15.3 55
Pea 90 CRU 145 8.1 5.9
LSD (P=0.05) 7.0 ns 2.9
Stubble
Flax _ 3.3 11.5 5.5
Pea 8.5 8.0 4.9
LSD (P=0.05) 1.6 ns ns
N Applied (kg ha™')
0 4.4 9.4 - 438
30 AN - 4.1 5.3 5.2
30 CRU 4.5 6.1 4.7
90 AN 7.3 15.7 6.6
90 CRU 9.0 12.4 4.8
LSD (P=0.05) 2.9 ns ns
ANOVA df Pr>F
Stubble (S) 1 0.0255 0.97 0.42
N Applied (kg ha™) 4 0.0002 0.32 0.35
N*S 4 0.0016 0.37 0.25
Contrasts _
Pea vs FlaxatO N 0.0816 0.14 0.85
Pea vs Flax at 30 N 0.0008 0.47 0.12
Pea vs Flaxat 90 N <0.0001 0.63 0.46
AN vs CRU 0.36 0.68 0.1
ANvs CRU-30Nvs90 N 0.99 "~ 0.51 0.36
ONvs30N 0.85 0.86 0.79
30Nvs 90 N <0.0001 0.0063 0.48
Peavs Flax-ONvs 30N 0.36 0.0483 0.47
Pea vs Flax- 30 Nvs 90 N 0.0005 0.83 0.12
Pea at 30 N vs Flax 90 N 0.0056 0.29 0.35
C.V. (%) 16.8 53.8 23.2
* Ammonium nitrate
** Controlled-release urea
? Statistics are based on log transformed data due to the high variability of the NOg-N
data. Treatment and group means as well as LSD values are not transformed.
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Table E.14. Estimated quantity of NO3-N in the 70-90 cm depth at anthesis at the
Carman-00, Carman-01, and Brandon-01 sites.?

Treatment Site
Stubble N Apph.?d Carman-00 Carman-01 Brandon-01
(kgha’)
kg NO;-N ha™
Flax 0 3.2 21.7 3.9
Flax 30 AN* 2.3 8.3 4.2
Flax 30 CRU** 3.0 14.8 2.7
Flax 90 AN 3.3 25.9 4.7
Flax 90 CRU 3.0 255 3.0
Pea 0 7.8 84 3.6
Pea 30 AN 5.5 12.4 35
Pea 30 CRU 7.6 12.3 3.0
Pea 90 AN 10.3 229 6.3
Pea 90 CRU 13.2 11.0 5.2
LSD (P=0.05) 4.3 ns 2.5
Stubble
Flax 3.0 19.2 3.7
Pea 8.8 13.4 4.3
LSD (P=0.05) 1.8 ns ns
N Applied (kg ha™)
0 55 15.0 3.8
30 AN 3.9 10.4 3.8
30 CRU 5.3 135 29
90 AN 6.3 24.4 5.5
90 CRU 8.1 18.3 41
LSD (P=0.05) 2.8 ns 1.8
ANOVA df Pr>F
Stubble (S) 1 0.0105 0.95 0.7
N Applied (kg ha™) 4 0.0252 0.81 0.033
N*S 4 0.45 0.7 0.4
Contrasts
Peavs FlaxatO N 0.0031 0.36 0.94
Peavs Flaxat30 N <0.0001 0.57 1
Pea vs Flax at 90 N <0.0001 0.78 0.0239
AN vs CRU 0.25 0.97 0.056
ANvs CRU-30Nvs 90 N 0.59 - 0.76 0.97
ONvs30N 0.27 0.73 0.38
30Nvs 90N 0.0025 0.36 0.0079
Peavs Flax- 0 Nvs 30 N 0.93 0.23 0.95
Peavs Flax- 30 Nvs 90 N 0.18 0.82 0.11
Peaat30 Nvs Flax 90 N 0.0021 0.88 0.37
C.V. (%) 23.6 33.0 25.8

* Ammonium nitrate

** Controlled-release urea

# Statistics are based on log transformed data due to the high variability of the NOs-N
data. Treatment and group means as well as LSD values are not transformed.
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Table E.15. Estimated quantity of NOz-N in the 90-110 cm depth at anthesis at the
Carman-00, Carman-01, and Brandon-01 sites.®

Treatment Site
Stubble N Appll-?d Carman-00 Carman-01 Brandon-01
(kg ha™)
kg NO4-N ha
Fiax 0 21 25.2 3.4
Flax 30 AN* 23 17.7 3.3
Flax 30 CRU** 2.9 125 35
Flax 90 AN 2.8 211 3.2
Flax 90 CRU 2.6 24.4 4.0
Pea 0 85 124 4.8
Pea 30 AN 7.2 17.4 3.6
Pea 30 CRU 8.3 16.7 4.2
Pea 90 AN 7.7 18.7 5.0
Pea 90 CRU 7.7 13.3 4.3
LSD (P=0.05) 4.4 ns ns
Stubble
Flax 25 20.2 3.5
Pea 7.9 156.7 44
LSD (P=0.05) 2.1 ns ns
N Applied (kg ha™)
0 5.3 18.8 4.1
30 AN 4.7 17.6 3.4
30 CRU 5.6 14.6 3.9
90 AN 4.9 19.9 41
90 CRU 5.2 18.9 4.2
LSD (P=0.05) ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.0031 0.94 0.29
N Applied (kg ha™) 4 0.81 0.2 0.68
N'S 4 0.9 0.16 - 0.72
Contrasts
Peavs FlaxatON 0.0007 0.31 0.15
Peavs Flaxat 30 N 0.0002 0.57 0.55
Peavs Flaxat 90 N 0.0007 0.9 0.18
AN vs CRU 0.43 0.77 0.51
ANvs CRU-30Nvs 90N 0.41 - 0.568 0.84
ONvs30N 0.97 0.83 0.34
30Nvs 90N 0.74 0.91 0.22
Peavs Flax-ONvs 30 N 0.57 0.15 0.37
Peavs Flax-30 Nvs 90 N 0.74 0.53 0.57
Pea at 30 Nvs Flax 90 N 0.0006 0.78 0.86
C.V. (%) 36.2 49.1 24.3

* Ammonium nitrate

** Controlled-release urea

& Statistics are based on log transformed data due to the high variability of the NOz-N
data. Treatment and group means as well as LSD values are not transformed.
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Table E.16. Estimated quantity of NO;-N in the 0-110 cm depth at anthesis at the
Carman-00, Carman-01, and Brandon-01 sites.®

Treatment Site
Stubble N Ap ph_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
kg NO5-N ha™
Flax 0 26 72 35
Flax 30 AN* 24 40 33
Flax 30 CRU** 26 44 31
Flax 90 AN 28 81 47
Flax 90 CRU 30 83 35
Pea 0 41 33 36
Pea 30 AN 39 45 36
Pea 30 CRU 48 45 35
Pea 90 AN 67 73 45
Pea 90 CRU 70 46 50
LSD (P=0.05) 12 ns 12
Stubble
Flax 27 64 36
Pea 52 48 40
LSD (P=0.05) 4 ns ns
N Applied (kg ha™")
0 33 52 36
30 AN 32 43 34
30 CRU 37 44 46
90 AN 45 77 33
90 CRU 50 64 42
LSD (P=0.05) 8 ns 9
ANOVA df Pr>F
Stubble (S) 1 0.0199 0.88 0.0403
N Applied (kg ha™) 4 <0.0001 0.35 0.0188
N*S 4 0.0115 0.45 0.52
‘Contrasts
Peavs FlaxatO N 0.0019 0.17 0.74
Peavs Flaxat30 N <0.0001 0.66 0.24
Pea vs Flax at 90 N <0.0001 0.96 0.1
AN vs CRU 0.0833 0.64 0.42
ANvs CRU-30Nvs 90N 0.35 - 0.81 0.62
ONvs30N 0.75 0.81 0.52
30N vs 90 N <0.0001 0.085 0.0015
Peavs Flax-ONvs 30 N 0.42 0.1 0.69
Pea vs Flax- 30 Nvs 90 N 0.0043 0.74 0.74
Peaat30 Nvs Flax 90 N 0.0003 0.43 0.25
C.V. (%) 3.6 11.8 5.8

* Ammonium nitrate

** Controlled-release urea

® Statistics are based on log transformed data due to the high variability of the NO,-N data.
Treatment and group means as well as LSD values are not transformed.




Table E.17. Estimated quantity of NOg-N at anthesis at the Swift Current-01 site.?

Treatment Sampling Depth
Stubble P 0-10om  10-30cm  30-50cm  50-70em  70-90cm  90-110cm  0-110 om
- kgNO;-Nha™
Durum 34 55 3.7 1.3 1.8 2.2 45 19.1
Durum 50 8.2 2.9 1.7 2.1 3.4 3.4 21.6
Durum 78 7.8 3.9 1.8 14 2.1 24 19.4
Pea 34 18.0 7.5 27 2.8 2.8 3.7 37.6
Pea 50 25.7 13.5 3.7 3.6 3.1 5.3 55.0
Pea 78 13.9 7.6 3.0 2.0 3.3 3.9 337
LSD (P=0.05) 18.4 6.3 1.7 2.1 ns ns 227
Stubble .
Durum 7.2 3.5 1.6 1.8 25 3.4 20.1
Pea 19.2 9.5 3.1 2.8 3.1 4.3 421
LSD (P=0.05) 10.6 3.7 1.0 ns ns ns 13.1
N Applied (kg ha™)
34 B 11.8 5.6 2.0 2.3 25 41 28.3
50 17.0 8.2 2.7 2.9 3.2 4.3 38.3
78 10.9 5.7 24 1.7 2.7 3.1 26.6
LSD (P=0.05) ns ns ns ns ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.0343 0.003 0.0064 0.0786 0.27 0.34 0.0039
N Applied (kg ha™) 2 05 0.68 0.36 0.34 0.82 0.68 0.33
N*S -2 0.96 0.46 0.9 0.88 0.69 0.51 0.82
Contrasts
34 Nvs50N 0.44 0.58 0.18 0.3 0.54 0.51 0.31
50Nvs78 N 0.26 0.4 0.73 0.16 0.81 0.87 0.15
Peavs Flax-34 Nvs 50 N 0.99 0.25 0.97 0.69 0.51 0.33 0.61
Pea vs Flax - 50 N vs 78 N 0.8 0.34 0.71 0.96 0.43 0.99 0.57
Durum at 50 N vs Pea at 34 N 0.37 0.0782 0.3 0.65 1 0.44 0.17
Durum at 78 N vs Pea at 50 N 0.0517 0.0092 0.0631 0.0733 0.49 0.26 0.0069
C.V. (%) 35.2 35.9 67.8 97.0 57.6 50.6 13.5

*Days after anthesis

a Statistics are based on log transformed data due to the high variability of the NO3-N data. Treatment and group means as well as LSD
values are not transformed.
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Table E.18. Estimated quantity of NH4-N in the 0-10 cm depth at harvest at the
Carman-00, Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N App"_?d Carman-00 Carman-01 Brandon-0t
(kgha’)
kg NH4-N ha'
Flax 0 5.4 11.8 3.8
Flax 30 AN* 7.0 15.0 3.8
Flax 30 CRU** 5.1 12.2 3.8
Flax 90 AN 5.6 117 4.6
Flax 90 CRU 6.4 13.6 4.6
Pea 0 6.4 15.7 4.3
Pea 30 AN 5.5 141 4.0
Pea 30 CRU 7.7 13.3 4.3
Pea 90 AN 5.5 13.3 3.8
Pea 90 CRU 6.9 12.9 4.8
LSD (P=0.05) ns ns
Stubble
Flax 5.9 12.9 41
Pea 6.4 13.9 42 .
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
0 5.9 13.7 4.1
30 AN 6.2 14.5 3.9
30 CRU 6.4 12.8 4.1
90 AN 55 12.5 4.2
90 CRU 6.6 13.3 4.7
LSD (P=0.05) ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.046 0.098 0.086
N Applied (kg ha™) 4 0.9 0.75 0.3
N*S 4 0.23 0.62 0.81
" Contrasts
Peavs Flaxat O N 042 0.0963 0.77
Pea vs Flax at 30 N 0.38 095 0.41
Pea vs Flax at 90 N 0.16 0.76 0.59
AN vs CRU 0.0964 0.67 0.38
ANvs CRU-30Nvs 90 N 0.69 0.29 0.1
ONvs30N 0.61 0.95 0.24
30Nvs 90N 0.92 0.53 0.53
Peavs Flax-ONvs 30 N 0.27 ' 0.2 0.82
Pea vs Flax- 30 Nvs 90 N 0.12 0.87 0.36
Pea at 30 N vs Flax 90 N 0.81 0.52 0.74
C.V. (%) 28.3 25.0 18.6
* Ammonium nitrate
** Controlled-release urea
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Table E.19. Estimated quantity of NH4-N in the 10-30 cm depth at harvest at the
Carman-00, Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
kg NH4-N ha™
Flax 0 7.6 25.1 6.3
Flax 30 AN* 8.9 24.4 6.2
Flax 30 CRU** 9.2 24.0 6.1
Flax 90 AN 9.4 19.6 7.3
Flax 90 CRU 7.1 221 7.3
Pea 0 9.8 22.0 7.2
Pea 30 AN 10.7 24.4 6.4
Pea 30 CRU 9.4 17.8 6.4
Pea 90 AN 7.5 18.6 6.4
Pea 90 CRU 7.3 235 7.8
LSD (P=0.05) ns ns ns
Stubble
Flax 8.5 23.0 6.7
Pea 9.0 21.3 6.9
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
0 8.7 23.6 6.8
30 AN 9.8 24.4 6.3
30 CRU 9.3 20.9 6.3
90 AN 8.6 19.1 6.9
90 CRU 7.2 22.8 7.6
LSD (P=0.05) ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.29 0.17 0.19
N Applied (kg ha™) 4 0.56 0.49 0.68
N*S 4 0.79 0.78 0.55
Contrasts
Peavs FlaxatO N 0.23 0.48 0.18
Pea vs Flax at 30 N 0.43 0.32 0.16
Pea vs Flax at 90 N 0.69 0.94 0.8
AN vs CRU 0.0337 0.97 0.89
ANvs CRU-30Nvs 90N 017 0.13 0.44
ONvs30N 0.43 0.75 0.37
30Nvs 90 N 0.3 0.47 0.65
Peavs Flax-ONvs 30N 0.1 1 0.78
PeavsFlax-30Nvs 90 N 0.64 0.47 0.25
Pea at 30 N vs Flax 90 N ' 0.88 0.94 0.79
C.V. (%) 36.4 28.9 16.1
* Ammonium nitrate
** Controlled-release urea
.
%




312
Table E.20. Estimated quantity of NH4-N in the 30-50 cm depth at harvest at the
Carman-00, Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
kg NH4-N ha
Flax 0 9.0 21.0 8.9
Flax 30 AN* 1.3 21.4 7.0
Flax 30 CRU** 6.7 18.4 10.7
Flax 90 AN 6.7 22,7 8.8
Flax 90 CRU 7.8 213 8.5
Pea 0 10.0 13.4 8.7
Pea 30 AN 7.2 17.4 8.4
Pea 30 CRU 6.8 20.6 8.1
Pea 90 AN 5.8 18.3 8.0
Pea 90 CRU 8.2 17.3 8.0
LSD (P=0.05) ns ns ns
Stubble
Flax 8.3 20.9 8.8
Pea 7.7 17.4 8.3
LSD (P=0.05) ns ns ns
N Applied (kg ha™")
0 ’ 9.5 17.2 8.8
30 AN 9.2 19.4 7.7
30 CRU 6.8 19.5 9.4
90 AN 6.3 20.5 8.4
90 CRU 8.0 19.3 8.3
LSD (P=0.05) 2.4 ns ns
ANOVA df Pr>F
Stubble (S) 1 0.57 0.4 0.7
N Applied (kg ha™") 4 0.027 0.63 0.92
N*S 4 0.18 0.26 0.85
- Contrasts '
Peavs FlaxatO N 0.0411 0.0633 0.58
Pea vs Flax at 30 N 0.97 0.75 0.58
Pea vs Flax at 90 N 0.76 0.14 0.71
AN vs CRU 0.78 0.72 0.8
ANvs CRU-30Nvs 90N 0.65 0.66 0.97
ONvs30N 0.1 0.23 0.56
30Nvs 90N 0.59 0.75 0.71
Peavs Flax-ONvs 30 N 0.1 0.0807 0.45
Peavs Flax-30 Nvs 90 N 0.83 0.28 0.9
Pea at 30 N vs Flax 90 N 0.59 0.28 0.84
C.V. (%) 27.3 22.2 21.7
* Ammonium nitrate
** Controlled-release urea
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Table E.21. Estimated quantity of NH4-N in the 50-70 cm depth at harvest at the
Carman-00, Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Applied Carman-00  Carman-01  Brandon-01
(kgha)
kg NH4-N ha™
Flax 0 7.8 13.0 9.6
Flax 30 AN* 8.3 17.8 8.5
Flax 30 CRU** 8.2 20.3 12.0
Flax 90 AN 8.3 19.7 11.0
Flax 90 CRU 8.5 185 9.0
Pea 0 8.8 20.7 9.4
Pea 30 AN 7.1 152 9.7
Pea 30 CRU 6.5 16.3 8.7
Pea 90 AN 6.1 16.2 7.9
Pea 90 CRU 7.2 20.6 8.8
LSD (P=0.05) ns ns ns
Stubble
Flax 8.2 17.9 10.0
Pea 7.2 17.8 8.9
LSD (P=0.05) ns ns ns
N Applied (kg ha™")
0 8.3 16.9 9.5
30 AN 7.7 16.5 9.1
30 CRU 7.4 18.3 104
90 AN 7.4 18.0 9.4
90 CRU 7.9 19.6 8.9
LSD (P=0.05) ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.46 0.98 0.0664
N Applied (kg ha™") 4 0.93 0.73 0.6
N*S 4 0.79 0.11 0.97
Contrasts
Peavs FlaxatON 0.0958 0.0341 0.0915
Peavs Flaxat 30 N 0.89 - 0.19 0.18
Peavs Flaxat90 N 0.3 0.78 0.15
AN vs CRU 0.56 0.33 0.18
ANvs CRU-30Nvs90N 0.31 0.95 0.9
ONvs30N 0.27 0.81 0.84
30Nvs 90N 0.92 0.43 0.38
Peavs Flax-O Nvs 30 N 0.18 0.0145 0.53
Peavs Flax-30 Nvs 90 N 0.36 0.45 0.94
Pea at 30 N vs Flax 90 N 0.57 0.18 0.45
C.V. (%) 35.9 27.0 22.3
* Ammonium nitrate
** Controlled-release urea
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Table E.22. Estimated quantity of NH4-N in the 70-90 cm depth at harvest at the
Carman-00, Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Apph_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
kg NH4-N ha™
Flax 0 7.3 14.6 11.0
Flax 30 AN* 6.7 16.8 9.1
Flax 30 CRU** 7.4 21.1 11.4
Flax 90 AN 7.7 17.7 10.5
Flax 90 CRU 7.0 19.8 10.0
Pea 0 8.7 18.1 10.7
Pea 30 AN 7.4 19.1 104
Pea 30 CRU 6.9 17.9 8.9
Pea 90 AN 7.0 20.7 9.5
Pea 90 CRU 6.3 21.1 10.2
LSD (P=0.05) ns ns ns
Stubble
Flax 7.2 18.0 10.4
Pea 7.3 19.4 9.9
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
0 8.0 16.4 10.9
30 AN 7.0 17.9 9.8
30 CRU 71 19.5 10.1
90 AN 7.4 19.2 10.0
90 CRU 6.6 20.4 10.1
LSD (P=0.05) ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.95 0.66 0.74
N Applied (kg ha™) 4 0.62 0.62 0.58
N*S 4 0.66 0.74 0.65
Contrasts
Peavs FlaxatO N 0.83 0.42 0.29
Peavs Flaxat 30N 0.29 - 0.87 0.76
Peavs Flaxat 90 N 0.11 0.47 0.54
AN vs CRU 0.62 0.48 0.85
ANvs CRU-30Nvs 90 N 0.0306 0.93 0.41
ONvs30N 0.45 0.33 0.17
30Nvs 90 N 0.35 0.57 0.36
Peavs Flax-0Nvs 30 N 0.67 0.41 0.22
Pea vs Flax- 30 Nvs 90 N 0.73 0.5 0.45
Pea at 30 N vs Flax 90 N 0.54 0.93 0.49
C.V. (%) 244 29.1 19.5
* Ammonium nitrate
** Controlled-release urea




Table E.23. Estimated quantity of NH4-N in the 90-110 cm depth at harvest at the

Carman-00, Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N Ap ph_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
kg NH4-N ha™
Flax 0 7.0 17.6 10.5
Flax 30 AN* 6.6 18.7 10.7
Flax 30 CRU** 4.1 15.9 11.5
Flax 90 AN 8.2 173 9.8
Flax 90 CRU 8.6 20.7 10.1
Pea 0 8.2 18.4 9.9
Pea 30 AN 8.8 15.3 11.3
Pea 30 CRU 8.4 17.2 8.6
Pea 90 AN 7.4 14.9 10.9
Pea 90 CRU 94 154 11.8
LSD (P=0.05) ns ns ns
Stubble
Flax 6.9 18.0 105
Pea 85 16.2 10.5
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
.0 7.6 18.0 10.2
30 AN 7.7 17.0 11.0
30 CRU 6.3 16.5 10.0
90 AN 7.9 16.1 104
90 CRU 9.0 18.0 10.9
LSD (P=0.05) ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.32 0.45 0.96
N Applied (kg ha™) 4 0.31 0.91 0.38
N*S 4 0.29 0.64 0.75
Contrasts
Peavs FlaxatO N 0.0666 0.83 0.55
Pea vs Flax at 30 N 0.18 1 0.69 0.68
Peavs Flaxat90 N 0.65 0.15 0.93
AN vs CRU 0.47 0.68 0.14
ANvs CRU-30Nvs 90 N 0.75 0.5 0.44
ONvs 30N 0.89 0.57 0.25
30N vs 90 N 0.25 0.87 0.74
Peavs Flax-0Nvs 30N 0.0279 0.67 0.46
Peavs Flax-30 Nvs 90 N 0.2 0.43 0.72
Pea at 30 N vs Flax 90 N 0.22 0.3 0.7
C.V. (%) 31.5 28.9 32.5

* Ammonium nitrate
** Controlled-release urea




Table E.24. Estimated quantity of NH4-N in the 0-110 cm depth at harvest at the
Carman-00, Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N Apph_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
kg NH4-N ha'
Flax 0 44 103 50
Flax 30 AN* 49 114 45
Flax 30 CRU** 41 112 56
Flax 90 AN 46 109 52
Flax 90 CRU 45 116 50
Pea 0 52 108 50
Pea 30 AN 47 105 50
Pea 30 CRU 46 103 45
Pea 90 AN 39 102 47
Pea 90 CRU 45 111 51
LSD (P=0.05) ns ns ns
Stubble
Flax 45 111 51
Pea 46 106 49
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
0 48 106 50
30 AN 48 110 47
30 CRU 43 107 50
90 AN 43 105 49
90 CRU 45 113 50
LSD (P=0.05) ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.87 0.6 0.45
N Applied (kg ha™") 4 0.63 0.76 0.84
N*S 4 0.45 0.84 0.0659
Contrasts
Peavs FlaxatO N 0.22 0.65 0.97
Pea vs Flax at 30 N 0.75 1 0.28 0.31
Peavs Flaxat 90 N 0.63 0.46 0.53
AN vs CRU 0.75 0.56 0.34
ANvs CRU-30Nvs 90N 0.23 0.3 0.73
ONvs30N 0.47 0.63 0.61
30Nvs 90N 0.61 0.87 0.65
Peavs Flax-0 Nvs 30 N 0.36 0.26 0.52
Peavs Flax-30 Nvs 90 N 0.42 0.77 0.78
Pea at 30 N vs Flax 90 N 0.9 0.31 0.26
C.V. (%) 17.3 12.6 11.0

* Ammonium nitrate

** Controlled-release urea




Table E.26. Estimated quantity of NH4-N at harvest at various soil depths at the Swift Current-01 site.

Treatment Sampling Depth
Stubble "('kgprf’:.?)d 0-10cm  10-80cm  30-50cm  50-70em  70-90cm  90-110em  0-110 om
kg NH4-N ha™
Durum 34 3.2 7.0 7.0 5.2 5.6 75 35.6
Durum _ 50 3.9 10.1 10.1 8.6 8.0 8.1 48.9
Durum 78 4.1 7.9 941 125 124 11.3 57.4
Pea 34 4.3 8.6 1.1 11.8 105 10.6 56.9
Pea 50 3.7 9.0 10.1 8.2 7.7 8.4 471
Pea 78 3.7 8.5 11.0 10.0 8.7 9.4 51.3
LSD (P=0.05) ns ns ns ns 3.7 ns ns
Stubble .
Durum 3.8 84 8.7 8.8 8.7 8.9 47.3
Pea 3.9 8.7 10.7 10.0 9.0 9.4 51.8
LSD (P=0.05) ns ns ns ns ns ns ns
N Applied (kg ha™)
34 3.8 7.8 9.0 8.5 8.1 9.0 46.2
50 3.8 9.6 10.1 8.4 7.8 8.2 48.0
78 3.9 8.2 10.1 11.3 10.6 10.3 54.4
LSD (P=0.05) ns ns ns ns ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.87 0.86 0.33 0.37 0.78 0.61 0.53
N Applied (kg ha™) 2 0.98 0.75 0.88 0.17 0.0793 0.25 0.61
N*S 2 0.67 0.85 0.7 0.0352 0.0126 0.15 0.26
Contrasts
34Nvs50N 0.95 0.48 0.67 0.93 0.86 0.51 0.84
S50Nvs78 N 0.89 0.58 1 0.0982 0.0432 0.11 0.46
Pea vs Durum - 34 N vs 50 N 0.48 0.59 0.41 0.0479 0.052 0.27 0.2
Pea vs Durum - 50 Nvs 78 N 0.92 0.73 0.7 0.52 0.19 0.36 0.81
Durum at 50 N vs Pea at 34 N 0.8 0.66 0.78 0.18 0.17 0.16 0.52
Durum at 78 N vs Pea at 50 N 0.72 0.75 0.79 0.0791 0.0165 0.11 0.41
C.V. (%) 38.7 48.7 43.1 29.7 23.6 22.1 29.6

*Days after anthesis

L1g




318
Table E.26. Estimated quantity of NOs-N in the 0-10 cm depth at harvest at the
Carman-00, Carman-01, and Brandon-01 sites.?
Treatment Site
Stubble N Apph_?d Carman-00 Carman-01 Brandon-01
(kgha”)
kg NO;-N ha™
Flax 0 10.6 10.3 5.0
Flax 30 AN* 11.2 12.0 4.9
Flax 30 CRU** 9.4 115 4.3
Flax 90 AN 10.9 12.7 5.1
Flax 90 CRU 10.0 16.2 © 6.2
Pea 0 10.2 8.8 4.8
Pea 30 AN 12.8 13.6 4.2
Pea 30 CRU 1.0 13.8 3.8
Pea 90 AN 11.9 14.4 4.8
Pea 90 CRU 13.4 18.1 4.6
LSD (P=0.05) ns ns 3.9
Stubble
Flax 10.4 125 5.1
Pea 11.8 13.7 4.4
LSD (P=0.05) ns ns ns
N Applied (kg ha)
0 104 9.6 4.9
30 AN 12.0 12.8 45
30 CRU 10.2 12.6 4.1
90 AN 114 13.5 5.0
90 CRU 11.7 17.1 5.4
LSD (P=0.05) ns 3.7 2.8
ANOVA df Pr>F
Stubble (S) 1 0.28 0.49 0.13
N Applied (kg ha™) 4 0.84 0.0092 0.81
N*S 4 0.76 0.71 0.88
Contrasts
Peavs FlaxatO N 0.91 0.48 0.77
Pea vs Flax at 30 N 0.3 0.25 0.39
Peavs Flax at 90 N 0.1 0.36 0.13
AN vs CRU 0.62 0.24 0.7
ANvs CRU-30Nvs 90N 0.38 " 0.26 0.57
ONvs30N 0.65 0.028 0.54
30Nvs 90N 0.96 0.0875 0.31
Peavs Flax-0ONvs 30 N 0.48 0.2 0.8
Peavs Flax-30 Nvs 90 N 0.69 0.85 0.64
Pea at 30 N vs Flax 90 N 0.2 0.88 0.0603
C.V. (%) 11.5 10.5 27.2
* Ammonium nitrate
** Controlled-release urea
# Statistics are based on log transformed data due to the high variability of the NO,-N
data. Treatment and group means as well as LSD values are not transformed.
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Table E.27. Estimated quantity of NO5-N in the 10-30 cm depth at harvest at the
Carman-00, Carman-01, and Brandon-01 sites.?
Treatment Site
N Applied
Stubble » Carman-00 Carman-01 Brandon-01
(kg ha)
kg NO;-N ha™
Flax 0 7.2 8.7 : 37
Flax 30 AN* 7.7 10.3 3.1
Flax 30 CRU* 7.2 10.0 3.5
Flax 90 AN 9.9 115 34
Flax 90 CRU 8.9 14.1 3.1
Pea 0 6.9 7.8 3.9
Pea 30 AN 10.7 124 24
Pea 30 CRU 8.6 12.3 27
Pea 90 AN 105 11.3 3.9
Pea 90 CRU 8.2 15.3 45
LSD (P=0.05) ns 1.6 3.1
Stubble
Flax 8.2 10.9 3.4
Pea 8.9 11.8 3.5
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
0 74 8.3 3.8
30 AN 9.2 114 2.8
30 CRU 7.9 11.1 3.1
90 AN 10.2 11.4 3.7
90 CRU 8.6 14.7 3.8
LSD (P=0.05) ns 2.7 ns
ANOVA df Pr>F
Stubble (S) 1 0.77 0.59 0.46
N Applied (kg ha™) 4 0.51 0.0013 0.31
N*S 4 0.75 0.58 0.5
Contrasts
PeavsFlaxatON 0.79 0.56 0.92
Peavs Flaxat 30 N 0.26 0.12 0.0647
Pea vs Flax at 90 N 0.82 0.8 0.62
AN vs CRU 0.39 0.15 0.66
ANvsCRU-30Nvs 90N 0.84 - 0.13 0.35
ONvs30N 0.26 0.0071 0.0881
30N vs 90N 0.55 0.0641 0.13
Peavs Flax-ONvs 30 N 0.31 0.14 0.24
Peavs Flax-30 Nvs 90 N 0.34 0.31 0.1
Pea at 30 N vs Flax 90 N 0.85 0.74 0.0824
C.V. (%) 15.0 9.3 41.6
* Ammonium nitrate
** Controlled-release urea
? Statistics are based on log transformed data due to the high variability of the NO3-N
data. Treatment and group means as well as LSD values are not transformed.




Table E.28. Estimated quantity of NO;-N in the 30-50 cm depth at harvest at the
Carman-00, Carman-01, and Brandon-01 sites.?

Treatment Site
Stubble N Apph_?d Carman-00 Carman-01 Brandon-01
(kgha™)
kg NO;-N ha
Flax 0 59 6.6 2.7
Flax 30 AN* 6.3 5.0 29
Flax 30 CRU** 8.3 8.0 2.2
Flax 90 AN 7.8 9.4 2.4
Flax 90 CRU 6.3 7.6 2.7
Pea 0 75 52 2.9
Pea 30 AN 7.5 7.4 2.3
Pea 30 CRU 8.2 7.6 1.5
Pea 90 AN 6.8 10.3 1.8
Pea 90 CRU 7.9 8.0 22
LSD (P=0.05) ns 4.4 ns
Stubble
Flax 6.9 7.3 2.6
Pea 7.6 7.7 2.2
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
0 6.7 59 2.8
30 AN 6.9 6.2 2.6
. 30 CRU 8.2 7.8 1.9
90 AN 7.4 9.9 2.1
90 CRU 7.1 7.8 2.4
LSD (P=0.05) ns 1.6 ns
ANOVA df Pr>F
Stubble (S) 1 0.62 0.72 0.17
N Applied (kg ha™) 4 0.94 <0.0001 0.0688
N*S 4 0.62 0.0539 0.54
Contrasts
Pea vs Flaxat O N 0.31 0.15 0.84
PeavsFlaxat30 N 0.71 0.12 0.0513
Pea vs Flax at 90 N 0.34 0.53 0.0656
AN vs CRU 0.74 0.94 0.59
ANvs CRU-30Nvs 90 N 0.79 0.0014 0.024
ONvs 30N 0.46 0.12 0.0785
30N vs 90 N 0.68 0.0013 0.94
Peavs Flax-ONvs 30N 0.39 0.016 0.17
Peavs Flax-30 Nvs 90 N 0.7 0.41 0.93
Pea at 30 N vs Flax 90 N 0.43 0.32 0.052
C.V. (%) 14.9 9.7 49.6

* Ammonium nitrate

** Controlled-release urea
? Statistics are based on log transformed data due to the high variability of the NO5-N
data. Treatment and group means as well as LSD values are not transformed.




Table E.29. Estimated quantity of NOs-N in the 50-70 cm depth at harvest at the

Carman-00, Carman-01, and Brandon-01 sites.?

Treatment Site
Stubble N Apphjed Carman-00 Carman-01 Brandon-01
(kg ha™)
----------------------- kg NO,-N ha™
Flax 0 3.9 3.6 25
Fiax 30 AN* 5.1 3.5 25
Flax 30 CRU** 3.9 4.2 2.5
Flax 90 AN 4.9 8.5 2.6
Flax 90 CRU 4.1 5.7 2.5
Pea 0 5.1 2.7 2.6
Pea 30 AN 5.3 3.1 3.0
Pea 30 CRU 4.9 35 1.6
Pea 90 AN 4.8 5.0 3.3
Pea 90 CRU 7.1 4.7 2.7
LSD (P=0.05) ns ns ns
Stubble
Flax 4.4 5.1 25
Pea 5.5 3.8 26
LSD (P=0.05) ns ns ns
N Applied (kg ha™")
0 45 3.2 2.6
30 AN 5.2 3.3 2.8
30 CRU 44 3.8 2.0
90 AN 4.9 6.7 29
80 CRU 5.6 5.2 2.6
LSD (P=0.05) ns 3.1 ns
ANOVA df Pr>F
Stubble (S) 1 0.42 0.62 0.6
N Applied (kg ha™) 4 0.49 0.0363 0.32
N*S 4 0.44 0.97 0.37
Contrasts
Pea vs FlaxatO N 0.4 0.38 0.97
Pea vs Flax at 30 N 0.48 0.66 0.0929
Pea vs Flax at 90 N 0.086 0.73 0.51
AN vs CRU 0.83 0.58 0.19
ANvs CRU-30Nvs 90N 0.1 0.56 0.82
ONvs30N 0.73 0.45 0.3
30N vs 90 N 0.7 0.0123 0.1
Peavs Flax-ONvs 30 N 0.71 0.6 03
Peavs Flax-30 Nvs 90 N 0.42 0.93 0.1
Pea at 30 N vs Flax 90 N 0.35 0.0461 0.0939
C.V. (%) 19.1 28.1 53.8

* Ammonium nitrate

** Controlled-release urea

@ Statistics are based on log transformed data due to the high variability of the NO5;-N
data. Treatment and group means as well as LSD values are not transformed.




Table E.30. Estimated quantity of NOs-N in the 70-90 cm depth at harvest at the

Carman-00, Carman-01, and Brandon-01 sites.?

Treatment Site
Stubble N Applied Carman-00  Carman01  Brandon-01
(kg ha™)
kg NO;-N ha™
Flax 0 3.3 4.9 22
Flax 30 AN* 3.2 5.6 2.0
Flax 30 CRU** 3.6 44 21
Flax 90 AN 3.2 9.1 2.0
Flax 90 CRU 4.1 12.3 2.2
Pea 0 45 22 2.2
Pea 30 AN 4.2 3.5 1.3
Pea 30 CRU 53 5.8 14
Pea 90 AN 53 7.0 4.3
Pea 90 CRU 6.4 7.3 22
LSD (P=0.05) ns 4.6 ns
Stubble
Flax 34 7.3 2.1
Pea 5.1 5.2 2.3
LSD (P=0.05) ns ns ns
N Applied (kg ha™")
0 3.9 3.6 2.2
30 AN 3.7 45 1.6
30 CRU 4.4 5.1 1.8
90 AN 4.1 8.1 3.2
90 CRU 5.2 9.8 2.2
LSD (P=0.05) ns 3.1 ns
ANOVA df Pr>F
Stubble (S) 1 0.13 0.35 0.7
N Applied (kg ha™) 4 0.47 0.0007 0.1
N*S 4 0.94 0.2 0.21
Contrasts
Peavs FlaxatO N 0.33 0.0358 0.85
Pea vs Flax at 30 N 0.11 0.66 0.39
Pea vs Flax at 90 N 0.0176 0.36 0.11
AN vs CRU 0.23 0.33 0.44
ANvs CRU-30Nvs 90N 0.89 0.5 0.39
ONvs 30N 0.91 0.0844 0.41
30Nvs 90 N 0.23 0.0011 0.0367
Peavs Flax-0 N vs 30 N 0.87 0.0909 0.48
Pea vs Flax- 30 N vs 90 N 0.52 0.7 0.0654
Pea at 30 N vs Flax 90 N 0.22 0.006 0.3
C.V. (%) 27.1 26.1 57.1

* Ammonium nitrate
** Controlled-release urea

? Statistics are based on log transformed data due to the high variability of the NO,-N

data. Treatment and group means as well as LSD values are not transformed.




Table E.31. Estimated quantity of NOz-N in the 90-110 cm depth at harvest at the

Carman-00, Carman-01, and Brandon-01 sites.?

Treatment Site
Stubble N App h_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
kg NO;-N ha™*
Flax 0 2.4 10.0 2.6
Flax 30 AN* 2.7 14.5 3.1
Fiax 30 CRU** 2.0 9.6 29
Flax 90 AN 3.8 17.5 3.0
Flax 90 CRU 3.5 27.0 3.6
Pea 0 4.2 3.3 3.7
Pea 30 AN 3.7 85 25
Pea 30 CRU 4.7 99 1.7
Pea 90 AN 4.8 11.6 3.8
Pea 90 CRU 5.8 12.4 2.8
LSD (P=0.05) 2.2 ns ns
Stubble
Flax 29 15.7 3.0
Pea 4.6 9.1 29
LSD (P=0.05) ns ns ns
N Applied (kg ha™")
0 3.3 6.6 3.1
30 AN 3.2 115 2.8
30 CRU 3.3 9.8 23
90 AN 4.2 14.5 34
90 CRU 4.7 19.7 3.2
LSD (P=0.05) ns 8.2 ns
ANOVA df Pr>F
Stubble (S) 1 0.0856 0.42 0.61
N Applied (kg ha™) 4 0.13 0.0091 0.2
N*S 4 0.5 0.51 0.16
Contrasts
Peavs FlaxatO N 0.1 0.0502 0.36
Pea vs Flax at 30 N 0.0093 0.49 0.0679
Pea vs Flax at 90 N 0.0749 0.42 0.98
AN vs CRU 09 0.64 0.21
ANvs CRU-30Nvs 90 N 0.67 0.19 0.45
ONvs30N 0.73 0.0923 0.26
30Nvs90N 0.0139 0.0214 0.0535
Peavs Flax-ONvs 30 N 0.83 0.12 0.0593
Pea vs Flax - 30 Nvs 90 N 0.48 0.91 0.17
Pea at 30 N vs Flax 90 N 0.6 0.0438 0.0289
C.V. (%) 31.0 29.1 49.1

* Ammonium nitrate
** Controlled-release urea

® Statistics are based on log transformed data due to the high variability of the NO;-N
data. Treatment and group means as well as LSD values are not transformed.
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Table E.32. Estimated quantity of NOs-N in the 0-110 cm depth at harvest at the
Carman-00, Carman-01, and Brandon-01 sites.?
Treatment Site
Stubble N Ap p"_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
kg NO,-N ha™
Flax 0 33 44 19
Flax 30 AN* 36 51 19
Flax 30 CRU** 34 48 17
Flax 90 AN 41 69 18
Flax 90 CRU 37 83 20
Pea 0 38 30 20
Pea 30 AN 44 49 16
Pea 30 CRU 43 53 13
Pea 90 AN 44 60 22
Pea 90 CRU 49 66 19
LSD (P=0.05) ns 17 ns
Stubble
Flax 36 59 19
Pea 44 51 18
LSD (P=0.05) ns ns ns
N Applied (kg ha™")
0 36 37 19
30 AN 40 50 17
30 CRU 39 50 15
90 AN 42 64 20
90 CRU 43 74 19
LSD (P=0.05) ns 11 ns
ANOVA df Pr>F
Stubble (S) 1 0.37 0.44 0.17
N Applied (kg ha™) 4 0.7 <0.0001 0.24
N*S 4 0.86 0.0708 0.42
Contrasts
Pea vs FlaxatO N 0.53 0.0168 0.78
Peavs Flaxat 30 N 0.17 0.61 0.06
Peavs Flaxat 90 N 0.1 0.22 0.96
AN vs CRU 0.93 0.17 0.3
ANvs CRU-30Nvs 90 N 0.58 "0.13 0.72
ONvs 30N 0.44 0.0008 0.13
30Nvs 90 N 0.51 <0.0001 0.0545
Peavs Flax-ONvs 30N 0.71 0.0096 0.2
Peavs Flax-30 Nvs 90 N 0.9 0.15 0.2
Pea at 30 N vs Flax 90 N 0.28 0.0015 0.0193
C.V. (%) 6.2 4.4 10.6
* Ammonium nitrate
** Controlled-release urea
@ Statistics are based on log transformed data due to the high variability of the NO4-N
data. Treatment and group means as well as LSD values are not transformed.




Table A.106. Estimated quantity of NOs-N at harvest at the Swift Current-01 site.®

Treatment Sampling Depth
N Applied
Stubble (kg ha™") 0-10cm 10-30 cm 30-50 cm 50-70 cm 70-90 cm 90-110 cm 0-110¢cm
Bl kg NOg-N ha'’
Durum 34 1.5 24 1.9 26 3.1 6.1 17.6
Durum 50 2.0 1.4 1.4 26 6.7 7.4 22.0
Durum 78 12.4 11.8 2.9 43 6.4 7.5 45.3
Pea 34 11.0 5.4 2.9 3.6 4.0 4.8 31.8
Pea 50 7.0 27 1.4 1.9 23 24 17.6
Pea 78 14.4 6.2 1.9 1.6 25 34 30.4
LSD (P=0.05) ns ns ns ns ns ns ns
Stubble
Durum 5.3 52 2.1 3.3 5.4 7.0 28.3
Pea 10.8 48 2.1 24 3.0 3.5 26.5
LSD (P=0.05) ns ns ns ns ns ns ns
N Applied (kg ha™)
34 6.2 3.9 24 3.1 3.6 5.4 24.7
50 45 2.1 1.4 25 4.5 4.9 19.8
78 13.4 9.0 24 3.0 45 5.4 37.7
LSD (P=0.05) ns ns ns ns ns ns ns
ANOQVA df PrsF
Stubble (S) 1 0.0685 0.58 0.82 0.79 0.73 0.43 0.7
N Applied (kg ha™) 2 0.2 0.0566 0.32 0.84 0.9 0.69 0.34
N*S -2 0.3 0.19 - 045 0.75 0.54 0.79 0.55
Contrasts
34Nvs50N 0.8 0.14 0.2 0.57 0.81 0.51 0.4
50Nvs78 N 0.1 0.0192 0.19 0.84 0.82 0.42 0.15
Pea vs Flax- 34 Nvs 50 N 0.57 0.77 0.59 0.94 0.36 0.55 0.59
Peavs Flax-50 Nvs 78 N 0.33 0.16 0.48 0.55 0.93 1 0.58
Durum at 50 N vs Pea at 34 N 0.0736 0.0468 0.22 0.58 0.92 0.89 0.23
Durum at 78 N vs Pea at 50 N 0.55 0.0594 0.15 0.64 0.42 0.2 0.24
C.V. (%) 71.5 64.1 107.3 123.7 85.7 64.4 24.3

*Days after anthesis

® Statistics are based on log transformed data due to the high variability of the NO,;-N data. Treatment and group means as well as LSD
values are not transformed.
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8.6. APPENDIX F - ANALYSIS OF VARIANCE, LSDs, AND CONTRASTS FOR
THE EFFECTS OF PREVIOUS CROP AND FERTILIZER NITROGEN
TREATMENTS ON SOIL WATER CONTENT AT THE CARMAN, BRANDON,
AND SWIFT CURRENT EXPERIMENTAL SITES




Table F.1. Volumetric water content of the 0-10 cm soil depth at the Carman-00 site.?

Treatment Implied extraction”
Stubble N Appli?d 16DAP' 38DAP Anthesis 7DAA* 14DAA 21DAA 28DAA  35DAA Pre-  Post-
(kg ha™) anthesis anthesis
l VWC (%) ,
Flax 0 26.5 36.0 34.4 23.8 222 18.2 31.2 28.8 0.24 *
Flax 30 26.3 36.1 34.8 25.4 22.2 17.3 29.7 28.9 0.27 *
Flax 20 25.9 35.6 33.6 23.2 215 16.7 28.8 27.9 0.07 *
Pea 0 26.3 37.7 33.8 245 23.3 194 30.3 29.0 * *
Pea 30 26.7 36.1 345 24.5 22.6 16.4 28.6 28.0 0.19 *
Pea 20 26.4 37.2 32.9 24.1 22.9 18.1 28.9 26.6 0.06 *
LSD (P=0.05) ns ns ns ns ns ns ns ns
Stubble
Flax 26.2 35.9 34.3 24.1 21.9 17.4 29.9 285 * *
Pea 26.5 37.0 33.7 24.4 229 18.0 29.2 27.8 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns
N Applied (kg ha™)
0 » 26.4 36.8 34.1 24.1 227 18.8 30.8 28.9 * *
30 26.5 36.1 34.7 24.9 224 16.8 29.2 28.5 0.05 *
90 261 36.4 33.3 23.7 22.2 17.4 28.8 27.2 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns
ANOVA df : Pr>F
Stubble (S) 1 0.9 0.33 0.43 0.72 0.12 0.62 0.63 0.36
N Applied (kg ha™) 2 0.7 0.55 0.3 0.11 046  0.0083 0.0792 0.17
N*S 2 0.46 04 0.98 0.23 0.57 0.09 0.74 0.65
C.V. (%) 3.3 3.7 5.1 4.4 4.0 6.0 5.6 6.0
T Days after planting.

1 Days after anthesis.

® Water extraction at a given depth is assumed to have occurred when there is a significant difference at the 0.05 level (based on a paired t-test)
(based on a paired t-test) between at least one pair of sampling dates within a given phase of development, namely prior to or after anthesis.
Where no paired t-test yields a significant result, the p-value is presented.

LTE




Table F.2, Volumetric water content of the 10-30 c¢m soil depth at the Carman-00 site.?

Treatment Implied extraction”
Stubble N Appli?d 16DAPT 38DAP Anthesis 7DAA* 14DAA  21DAA 28DAA  35DAA Pre-. Post-.
_ (kg ha™) anthesis anthesis
T VWC (%)
Flax 0 275 31.0 24.9 226 19.5 17.0 20.0 279 * *
Flax 30 27.8 30.1 26.3 22.3 19.0 17.0 19.5 28.7 * *
Flax 90 25.3 28.1 22.3 18.8 16.1 14.7 16.1 254 * *
Pea 0 255 28.3 23.1 19.8 16.8 14.9 16.7 24.6 * *
Pea 30 25.8 28.2 23.7 20.0 16.8 15.1 17.3 25.6 * *
Pea 90 25.8 30.6 23.6 19.9 16.4 15.1 17.5 246 * *
LSD (P=0.05) ns ns ns 2.5 1.8 1.8 1.9 2.2
Stubble .
Flax 26.9 29.7 245 21.2 18.2 16.2 18.5 27.3 * *
Pea 25.7 29.0 23.5 19.9 16.7 15.0 17.2 249 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns
N Applied (kg ha™)
0 26.5 29.6 24.0 21.2 18.2 15.9 18.3 26.2 * *
30 26.8 29.2 25.0 211 17.9 16.0 18.4 27.1 * *
90 255 29.3 23.0 19.3 16.2 14.9 16.8 25.0 * *
LSD (P=0.05) ns ns ns ns 1.1 ns 1.2 1.1
ANOVA df Pr>F
Stubble (S) 1 0.53 0.79 0.38 0.0304 0.13 0.2 0.16 0.1
N Applied (kg ha™") 2 0.13 0.94 0.11 0.11  0.0034 0.0937 0.0235 0.003
N*S 2 0.0894 0.13 0.1 0.1 0.0218  0.0672 0.0032  0.046
C.V. (%) 4.6 8.7 7.3 8.8 5.6 6.6 6.3 3.8
T Days after planting.

1 Days after anthesis.

® Water extraction at a given depth is assumed to have occurred when there is a significant difference at the 0.05 level (based on a paired t-test)
(based on a paired t-test) between at least one pair of sampling dates within a given phase of development, namely prior to or after anthesis.
Where no paired t-test yields a significant result, the p-value is presented.
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Table F.3. Volumetric water content of the 30-50 cm soil depth at the Carman-00 site.?

Treatment Implied extraction™
Stubble N Appli?d 16DAPT 38DAP Anthesis 7DAA* 14DAA 21DAA  28DAA 35DAA Pre-. Post-.
(kg ha™’) anthesis anthesis
T VWC (%)
Flax 0 27.2 29.8 23.8 23.8 21.8 19.8 19.9 245 * *
Flax 30 27.6 29.5 25.7 23.9 216 20.0 20.1 25.3 * *
Flax 90 26.4 29.2 23.7 225 19.8 18.4 18.2 22,5 * *
Pea 0 24.9 271 21.4 19.9 17.6 16.0 16.2 20.6 * *
Pea 30 26.6 28.9 23.7 22.0 19.2 17.6 17.5 225 * *
Pea 90 26.1 28.2 23.7 229 19.5 17.3 17.4 211 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns
Stubble -
Flax 271 295 24.4 234 21.0 19.4 19.4 241 * *
Pea 258 28.0 23.0 21.6 18.8 17.0 17.0 21.4 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns
N Applied (kg ha™")
0 26.0 284 22,6 21.8 19.7 17.9 18.1 22,6 * *
30 271 29.2 24.7 229 20.4 18.8 18.8 23.9 * *
20 26.3 28.7 23.7 227 19.6 17.8 17.8 21.8 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.62 0.53 0.37 0.28 0.18 0.13 0.15 0.14
N Applied (kg ha™") 2 0.53 0.68 0.33 0.57 0.65 0.39 0.53 0.18
N*S 2 0.55 0.46 0.66 0.17 0.12 0.25 0.31 0.51
C.V. (%) 7.0 6.1 11.4 9.2 8.6 8.4 9.9 9.3
1 Days after planting.

¥ Days after anthesis.

® Water extraction at a given depth is assumed to have occurred when there is a significant difference at the 0.05 level (based on a paired t-test)
(based on a paired t-test) between at least one pair of sampling dates within a given phase of development, namely prior to or after anthesis.
Where no paired t-test yields a significant result, the p-value is presented.
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Table F.4. Volumetric water content of the 50-70 cm soil depth at the Carman-00 site.?

Treatment Implied extraction”
Stubble N Appli?d 16DAPT  38DAP Anthesis 7DAA*  14DAA  21DAA 28DAA 35DAA Pre-. Post-_
(kg ha™) anthesis anthesis
T VWC (%)
Flax 0 28.5 32.2 28.1 26.7 246 23.1 23.3 24.4 * *
Flax 30 285 31.6 27.9 26.8 245 22.3 225 24.2 * *
Flax 90 26.2 31.0 27.2 26.0 23.9 225 22.3 23.3 * *
Pea 0 25.1 28.6 23.3 21.6 18.5 16.5 16.1 17.8 * *
Pea 30 28.4 31.9 2741 25.3 229 20.2 19.8 21.8 * *
Pea 90 255 28.3 24.5 23.2 204 17.5 17.2 17.0 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns
Stubble
Flax 27.7 31.6 27.7 26.5 24.4 2.7 = 227 24.0 * *
Pea 26.3 29.6 25.0 23.3 20.6 18.0 17.7 18.9 * *
LSD (P=0.05) ns ns ns ns ns ns 4.4 4.1
N Applied (kg ha™)
0 26.8 304 25.7 241 21.6 19.8 19.7 211 * *
30 28.5 31.8 275 26.1 23.7 21.3 21.1 23.0 * *
90 259 29.7 25.8 246 22.1 20.0 19.7 20.2 * *
v LSD (P=0.05) ns ns ns ns ns ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.35 0.39 0.1 0.0946 0.0619 0.0519 0.0393 0.0186
N Applied (kg ha™") 2 0.58 0.66 0.76 0.75 0.68 0.81 0.81 0.48
N*S 2 0.79 0.69 0.77 0.79 0.68 0.64 0.68 0.61
C.V. (%) ~ 18.3 15.1 20.9 21.1 22.4 23.6 24.7 21.7

T Days after planting.
¥ Days after anthesis.
® Water extraction at a given depth is assumed to have occurred when there is a significant difference at the 0.05 level (based on a paired t-test)

(based on a paired t-test) between at least one pair of sampling dates within a given phase of development, namely prior to or after anthesis.
Where no paired t-test yields a significant result, the p-value is presented.
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Table F.5. Volumetric water content of the 70-90 cm soil depth at the Carman-00 site.?

Treatment Implied extraction®
Stubble N Appli?d 16DAP! 38DAP Anthesis 7DAA* 14DAA  21DAA  28DAA  35DAA Pre- Post-
(kg ha™') anthesis anthesis
T VWC (%)
Flax 0 31.8 36.0 33.5 32.0 29.9 28.6 28.2 28.6 * *
Flax 30 285 35.7 31.0 29.5 26.6 24.9 24.5 25.9 * *
Flax 90 29.5 33.3 30.9 30.1 284 2741 259 26.6 0.07 *
Pea 0 32.1 33.5 31.8 30.6 27.6 246 24.2 25.2 0.48 *
Pea 30 33.3 37.6 34.4 33.3 31.0 28.7 28.5 28.2 * *
Pea 90 271 31.2 26.9 25.3 214 18.9 18.5 18.8 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns
Stubble
Flax 29.9 35.0 31.8 30.5 28.3 26.9 26.2 27.0 * *
Pea 30.8 34.1 31.0 29.7 26.7 24.1 237 241 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns
N Applied (kg ha™)
‘ 0 31.9 34.7 32.6 31.3 28.8 26.6 26.2 26.9 0.07 *
30 30.9 36.6 32.7 314 28.8 26.8 26.5 27.0 * *
20 28.3 322 28.9 27.7 24.9 23.0 222 22.7 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.63 0.48 0.74 0.74 0.48 0.28 0.39 0.26
N Applied (kg ha™") 2 0.4 0.12 0.32 0.35 0.35 0.36 0.33 0.25
N*S 2 0.42 0.48 0.4 0.33 0.19 0.15 0.19 0.23
C.V. (%) 17.5 11.3 17.4 18.6 21.3 22.7 24.3 22.0
T Days after planting.

¥ Days after anthesis.

¥ Water extraction at a given depth is assumed to have occurred when there is a significant difference at the 0.05 level (based on a paired t-test)
(based on a paired t-test) between at least one pair of sampling dates within a given phase of development, namely prior to or after anthesis.
Where no paired t-test yields a significant result, the p-value is presented.
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Table F.6. Volumetric water content of the 90-110 cm soil depth at the Carman-00 site.?

Treatment Implied extraction”
Stubble N Appli?d 1_6DAP* 38DAP Anthesis 7DAA* 14DAA  21DAA 28DAA  35DAA Pre-. Post-'
(kg ha™) anthesis anthesis
B VWC (%)
Flax 0 38.9 413 40.0 39.3 38.5 37.2 37.1 374 0.24 *
Flax 30 35.6 39.8 37.2 36.5 338 31.4 30.8 31.1 * *
Flax 90 33.4 36.3 35.5 35.0 32.8 31.2 30.5 304 0.44 *
Pea 0 36.1 39.6 375 36.8 34.3 32.8 31.2 28.8 0.18 *
Pea 30 35.1 39.2 37.0 35.8 34.0 31.1 304 30.6 0.27 *
Pea 90 38.5 40.2 39.3 38.7 36.0 33.7 33.3 33.7 0.15 *
LSD (P=0.05) ns ns ns ns ns ns ns ns
Stubble
Flax 35.9 39.1 37.6 36.9 35.0 33.3 32.8 33.0 * *
Pea 36.6 39.6 379 37.1 34.8 326 31.6 31.0 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns
N Applied (kg ha™)
0 375 40.4 38.7 38.1 36.4 35.0 34.1 33.1 0.05 *
30 35.3 39.5 37.1 36.1 33.9 31.3 30.6 30.9 * *
90 35.9 38.2 37.4 36.8 344 325 31.9 32.1 0.11 *
LSD (P=0.05) - ns ns ns ns ns ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.74 0.76 0.86 0.95 0.91 0.71 0.63 0.37
N Applied (kg ha™) 2 0.79 0.45 0.79 0.81 0.75 0.55 0.67 0.85
N*S 2 0.45 0.25 0.48 0.59 0.57 0.61 0.54 0.33
C.V. (%) 17.2 8.6 13.5 16.3 19.7 20.7 24.3 24.2
T Days after planting.

1 Days after anthesis.

@ Water extraction at a given depth is assumed to have occurred when there is a significant difference at the 0.05 level (based on a paired t-test)

(based on a paired t-test) between at least one pair of sampling dates within a given phase of development, namely prior to or after anthesis.
Where no paired t-test yields a significant result, the p-value is presented.
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Table F.7. Total soil water content in the 0-110 cm depth at the Carman-00 site.

Treatment
N Applied 16DAPT 38DAP Anthesis 7DAA* 14DAA 21DAA 28DAA  35DAA
Stubble -
(kg ha™)
B Soil Water (cm)
Flax 0 334 37.6 33.5 31.3 29.1 270 28.8 315
Flax 30 32.2 37.0 33.1 30.3 27.3 249 26.5 29.9
Flax 90 30.7 35.1 31.3 28.8 26.3 245 255 284
Pea 0 30.7 35.2 30.8 28.2 25.3 229 239 26.3
Pea 30 32.5 36.8 32.6 297 270 242 25.6 28.6
Pea 90 31.2 354 30.9 28.4 25.0 22.3 23.7 25.7
LSD (P=0.05) ns ns ns ns ns ns ns ns
Stubble
Flax 321 36.6 32.6 30.1 27.6 25.4 26.9 29.9
Pea 31.5 35.8 31.4 28.8 25.8 231 244 26.8
LSD (P=0.05) ns ns ns ns ns ns ns 2.8
N Applied (kg ha™)
0 32.1 36.4 32.1 29.7 27.2 249 26.4 28.9
30 324 36.9 32.9 30.0 27.2 245 26.0 29.2
90 31.0 35.3 31.1 28.6 25.7 23.4 246 27.1
: LSD (P=0.05) ns ns ns ns ns ns ns ns
ANOVA : df Pr>F
Stubble (S) 1 0.61 0.4 0.34 0.25 0.17 0.0873 0.1 0.0332
N Applied (kg ha™) 2 0.65 0.38 0.49 0.57 0.53 0.58 0.56 0.36
N*S . 2 0.52 0.46 0.67 0.58 0.5 0.55 0.5 0.49
C.V. (%) A 9.6 6.3 9.0 9.3 11.2 12.4 13.5 11.1
T Days after planting.

1 Days after anthesis.
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Table F.8. Volumetric water content of the 0-10 cm depth at the Carman-01 site.®

Treatment Implied extraction”
N Applied 35DAPt 49DAP Anthesis 7DAA* 14DAA  21DAA 28DAA  35DAA Pre- Post-
Stubble 1 . .
(kg ha') anthesis anthesis
VWC (%)
Flax 0 30.9 23.6 23.2 28.7 249 32.8 29.8 29.4 * *
Flax 30 30.1 23.7 22.6 28.2 24.3 30.8 30.0 29.8 * *
Flax 90 31.1 224 21.0 27.2 226 315 27.8 279 * *
Pea 0 31.5 24.3 214 28.7 24.3 32.0 29.9 30.0 o *
Pea 30 315 23.6 216 28.2 235 31.0 28.7 29.1 * *
Pea 90 30.2 23.5 224 28.3 22.4 31.1 27.5 28.4 * *
LSD (P=0.05) ns ns ns ns 2.1 1.8 2.3 2.2
Stubble '
Flax 30.7 23.2 223 28.0 23.9 31.7 29.2 29.0 * *
Pea 31.1 23.8 21.8 284 234 31.3 28.7 29.2 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns
N Applied (kg ha™")
0 31.2 239 223 28.7 24.6 324 29.9 29.7 * *
30 30.8 23.6 221 28.2 23.9 30.9 29.4 29.4 * *
90 30.6 229 21.7 27.8 225 31.3 27.7 28.1 * *
LSD (P=0.05) ns ns ns ns 1.6 ns 1.6 ns
ANOVA df Pr>F
Stubble (S) 1 0.69 0.52 .05 0.22 0.2 0.7 0.54 0.83
N Applied (kg ha™) 2 0.85 0.49 0.61 0.3 0.0468 0.28 0.034 0.16
N*S 2 0.55 0.76 0.0643 0.5 0.93 0.84 0.59 0.69
C.V. (%) 5.9 6.5 7.9 4.2 8.5 8.4 6.8 7.5

t Days after planting.
1 Days after anthesis.
@ Water extraction at a given depth is assumed to have occurred when there is a significant difference at the 0.05 level (based on a paired t-test)

between at least one pair of sampling dates within a given phase of development, namely prior to or after anthesis. Where no paired t-test
yields a significant result, the p-value is presented.
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Table F.9. Volumetric water content of the 10-30 cm depth at the Carman-01 site.?

Treatment Implied extraction”
Stubble N Appli?d 35DAPt 49DAP Anthesis 7DAA* 14DAA  21DAA  28DAA  35DAA Pre-. Post-.
(kg ha™) anthesis anthesis
- VWC (%)
Flax 0 29.8 24.7 19.8 20.7 20.6 32.3 29.4 29.8 * *
Flax 30 30.4 248 19.8 20.2 20.4 33.5 30.5 29.8 * *
Flax 920 30.2 24.5 20.2 20.2 20.7 325 30.6 30.2 * *
Pea 0 30.8 24.9 20.1 20.8 20.9 33.3 29.6 29.4 * *
Pea 30 29.8 24.2 19.8 19.9 19.8 33.5 30.6 30.6 * *
Pea 90 29.6 22.8 18.6 19.7 19.2 33.1 30.2 30.1 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns
Stubble
Flax 30.1 24.7 19.9 204 20.6 32.8 30.2 29.9 * *
Pea 30.1 24.0 19.5 201 20.0 33.3 30.1 30.0 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns
N Applied (kg ha™)
0 30.3 24.8 19.9 20.8 20.7 32.8 29.5 29.6 * *
30 30.1 245 19.8 20.0 20.1 335 30.6 30.2 * *
90 29.9 23.7 19.4 19.9 20.0 32.8 30.4 30.1 * *
LSD (P=0.05) . ns ns ns 0.6 ns ns ns ns
ANOVA df Pr>F
Stubble (8) 1 0.98 0.738 0.64 0.66 0.28 0.73 0.99 0.96
N Applied (kg ha™) 2 0.73 0.1 048  0.0213 0.15 0.34 0.14 0.49
N*S 2 0.21 0.24 0.11 0.52 0.0854 0.67 0.82 0.49
C.V. (%) 5.1 9.1 6.7 5.5 5.9 6.5 7.1 7

T Days after planting.
I Days after anthesis.
# Water extraction at a given depth is assumed to have occurred when there is a significant difference at the 0.05 level (based on a paired t-test)

between at least one pair of sampling dates within a given phase of development, namely prior to or after anthesis. Where no paired t-test
yields a significant result, the p-value is presented.
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Table F.10. Volumetric water content of the 30-50 cm depth at the Carman-01 site.?

Treatment Implied extraction”
Stubble N Appli?d 35DAPt 49DAP Anthesis 7DAA* 14DAA  21DAA  28DAA  35DAA Pre-_ Post-_
(kg ha’) anthesis anthesis
T VWC (%)
Flax 0 28.0 25.3 21.9 21.1 20.3 30.2 29.0 28.2 * *
Flax 30 28.0 24.4 205 19.3 18.8 32.2 30.4 29.6 * *
Flax 90 294 26.1 223 21.8 207 32.2 30.7 30.1 * *
Pea 0 28.0 25.0 221 21.0 20.3 30.6 295 29.1 * *
Pea 30 276 23.6 20.3 19.3 18.8 31.1 295 28.8 * *
Pea 90 29.0 24.4 19.5 18.7 17.6 32.0 29.9 295 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns
Stubble
Flax 285 25.3 21.6 20.7 19.9 31.6 30.0 29.3 * *
Pea ‘ 28.2 24.3 20.6 19.6 18.9 31.2 29.6 29.1 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns
N Applied (kg ha™) :
0 28.0 25.2 22.0 211 20.3 30.4 29.2 28.7° * *
30 27.8 24.0 20.4 19.3 18.8 31.7 29.9 29.2 * *
90 29.2 25.3 20.9 20.3 19.2 32.1 30.3 29.8 * *
LSD (P=0.05) - 1.1 ns ns ns ns 1.2 ns ns
ANOVA df Pr>F
Stubble (S) 1 0.78 0.55 0.54 0.39 0.35 0.89 0.86 0.93
N Applied (kg ha™") 2 0.0345 0.24 0.14 0.0712 0.0763  0.028 0.17 0.21
N*S 2 0.87 0.69 0.13 0.0792  0.0403 0.39 0.37 0.33
C.V. (%) 5.6 8.5 9.7 9.7 9.4 7.7 7.5 7.3
t Days after planting.

¥ Days after anthesis.
# Water extraction at a given depth is assumed to have occurred when there is a significant difference at the 0.05 level (based on a paired t-test)

between at least one pair of sampling dates within a given phase of development, namely prior to or after anthesis. Where no paired t-test
yields a significant result, the p-value is presented.
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Table F.11. Volumetric water content of the 50-70 em depth at the Carman-01 site.?

Treatment Implied extraction™
Stubble N Appli_?d 35DAPt 49DAP Anthesis 7DAA* 14DAA  21DAA  28DAA  35DAA Pre- _ Post-_
(kgha™) anthesis anthesis
VWC (%)
Flax 0 28.7 25.9 22.3 21.2 20.2 31.9 31.2 30.8 * *
Flax 30 27.7 23.7 19.6 18.6 17.8 334 31.6 31.0 * *
Flax 90 29.0 26.9 24.0 23.6 229 33.1 32.2 31.7 * *
Pea 0 285 26.6 229 225 21.3 325 31.2 30.3 * *
Pea 30 28.1 26.0 21.3 20.2 194 31.4 29.7 289 * *
Pea 90 28.6 25.8 20.6 19.4 18.8 30.8 29.9 29.4 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns
Stubble
Flax 28.4 255 22.0 21.1 20.3 32.8 31.7 31.2 * *
Pea 284 26.1 21.6 20.7 19.8 31.5 30.3 29.5 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns
N Applied (kg ha™)
0 28.6 26.2 22.6 21.8 20.8 32.2 31.2 30.5 * *
30 279 249 20.5 19.4 18.6 32.4 30.7 30.0 * *
90 28.8 26.3 223 215 20.9 32.0 31.0 30.6 * *
LSD (P=0.05) . ns 1.3 ns ns ns ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.97 0.5 0.81 0.8 0.77 0.7 0.67 0.58
N Applied (kg ha™) 2 0.21 0.0661 0.21 0.2 0.12 0.77 0.59 0.59
N*S 2 0.76 0.0541 0.14 0.1 0.0506 0.0562 0.1 0.3
C.V. (%) 6.5 7.8 14.1 16.5 16.7 9.7 9.9 9.3
T Days after planting.

¥ Days after anthesis.

® Water extraction at a given depth is assumed to have occurred when there is a significant difference at the 0.05 level (based on a paired t-test)

between at least one pair of sampling dates within a given phase of development, namely prior to or after anthesis. Where no paired t-test
yields a significant result, the p-value is presented.
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Table F.12. Volumetric water content of the 70-90 cm depth at the Carman-01 site.®

Treatment Implied extraction”
Stubble N Appli?d 35DAPT 49DAP Anthesis 7DAA* 14DAA  21DAA 28DAA  35DAA Pre- _ Post-.
(kg ha™) anthesis anthesis
) VWC (%)
Flax 0 31.3 29.5 25.7 25.2 235 33.6 32.6 33.7 * *
Flax 30 31.9 31.5 26.7 258 222 36.4 36.6 36.3 * *
Flax 90 31.2 29.5 26.9 26.2 24.8 35.5 34.3 35.0 * *
Pea 0 29.9 27.3 24.0 23.6 22.0 33.2 324 32.1 * *
Pea 30 30.6 31.8 240 23.1 216 32.1 313 30.8 0.06 *
Pea 90 29.3 26.8 23.3 22.0 20.9 33.2 29.6 29.7 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns
Stubble
Flax 315 30.1 26.5 25.7 235 35.1 34.5 35.0 * *
Pea 30.0 28.6 238 229 215 329 31.1 30.9 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns
N Applied (kg ha™")
0 30.6 28.4 249 24.4 22.8 334 325 329 * *
30 31.3 31.6 25.3 24.4 21.9 34.3 33.9 336 * *
90 30.3 28.1 25.1 24.1 228 34.3 32.0 324 * *
LSD (P=0.05) ' ns ns ns ns ns ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.35 0.54 0.41 0.42 0.56 0.48 0.36 0.22
N Applied (kg ha™) 2 0.54 0.2 0.93 0.98 0.68 0.72 0.13 0.64
N*S 2 0.94 0.74 0.73 0.7 0.36 0.33 0.0337 0.26
C.V. (%) 7.4 14.7 15.6 18 18 11 13 12
1 Days after planting.

} Days after anthesis.

@ Water extraction at a given depth is assumed to have occurred when there is a significant difference at the 0.05 level (based on a paired t-test)

between at least one pair of sampling dates within a given phase of development, namely prior to or after anthesis. Where no paired t-test
yields a significant result, the p-value is presented.
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Table F.13. Volumetric water content of the 90-110 cm depth at the Carman-01 site.?

Treatment Implied extraction”
Stubble N Appli?d 35DAPt 49DAP Anthesis 7DAA* 14DAA  21DAA  28DAA  35DAA Pre- - Post-.
(kg ha™) anthesis anthesis
) VWC (%)
Flax 0 34.1 32.1 29.3 27.9 26.0 348 35.5 35.2 * *
Flax 30 39.1 39.6 36.8 36.4 34.1 41.0 41.2 40.6 * *
Flax 90 33.8 31.6 26.9 254 23.7 36.0 35.8 36.0 * *
Pea 0 31.4 28.7 24.8 23.4 221 35.9 35.0 347 * 0.08
Pea 30 33.7 32.7 30.2 27.9 28.0 36.7 36.3 35.9 0.11 *
Pea 90 33.9 32,5 29.9 29.1 27.7 35.5 35.1 345 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns
Stubble
Flax 35.6 34.4 31.0 29.9 27.9 37.3 375 373 * *
Pea 33.0 31.3 28.3 26.8 25.9 36.0 35.5 35.0 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns
N Applied (kg ha) .
0 32.7 30.4 27.0 25.7 24.0 35.3 35.2 35.0 * *
30 36.4 36.1 33.5 32.2 31.0 38.9 38.8 38.3 * *
90 33.8 32.0 28.4 27.3 25.7 35.8 35.5 35.3 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.12 0.045 0.0847 0.12 0.38 0.67 0.43 0.41
N Applied (kg ha™") 2 0.15 0.0829  0.0906 0.16 0.14 0.072  0.0528 0.14
N*S 2 0.34 0.29 0.24 0.21 0.33 0.22 0.25 0.45
C.V. (%) 11.5 15.8 20.1 23.5 25.3 10.8 10.4 11.2

1 Days after planting.
1 Days after anthesis.
# Water extraction at a given depth is assumed to have occurred when there is a significant difference at the 0.05 level (based on a paired t-test)

between at least one pair of sampling dates within a given phase of development, namely prior to or after anthesis. Where no paired t-test
yields a significant result, the p-value is presented.
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Table F.14. Total soil water content in the 0-110 cm depth at the Carman-01 site.

Treatment
' N Applied 35DAPT 49DAP Anthesis 7DAA* 14DAA 21DAA 28DAA  35DAA
Stubble 1
(kg ha”)
-Soil Water (cm)
Flax 0 334 29.9 26.1 26.1 24.6 35.8 34.5 34.5
Flax 30 34.4 31.2 26.9 26.9 25.1 38.4 371 36.4
Flax 90 33.8 29.9 26.2 26.2 24.9 37.0 35.5 35.4
Pea 0 32.9 28.9 249 25.1 23.7 36.3 345 34.1
Pea 30 33.1 30.0 25.3 249 239 36.1 34.4 33.9
Pea 90 33.1 28.8 246 24.6 23.1 36.0 33.7 33.5
1.SD (P=0.05) ns ns ns ns ns ns ns ns
Stubble
Flax 33.9 30.3 26.4 26.4 248 37.1 35.7 35.4
Pea 33.0 29.3 24.9 249 23.6 36.1 34.2 33.8
LSD (P=0.05) ns ns ns ns ns ns ns ns
N Applied (kg ha™) ‘
0 33.2 29.4 255 25.6 242 36.1 34.5 34.3
30 33.8 30.6 26.1 25.9 245 37.2 35.7 35.2
90 33.5 29.4 254 25.4 24.0 36.5 34.6 34.4
LSD (P=0.05) ns ns ns ns ns ns 1.0 ns
ANOVA df Pr>F
Stubble (S) ' 1 0.39 0.47 0.32 0.31 0.44 0.72 0.58 0.53 -
N Applied (kg ha™") 2 0.54 0.24 0.64 0.84 0.84 0.26 0.0381 0.31
N*S 2 0.74 0.99 0.96 0.83 0.87 0.15 0.0327 0.21
C.V. (%) 3.2 5.2 6.2 6.4 7.1 3.6 2.6 3.4
*Days after seeding.

**Days after anthesis.
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Table F.15. Volumetric Water Content of the 0-10 cm soil depth at the Brandon-01 site.>®

Treatment Implied extraction®
Stubble N Applied 35DAPT 50DAP Anthesis 7DAA* 14DAA  21DAA 28DAA 35DAA  42DAA  Pre- Post-
(kg ha™) anthesis anthesis
* GWC (%)
Flax 0 24.0 25.6 20.9 13.1 19.5 21.0 24.3 23.0 21.4 * *
Flax 30 23.4 27.0 18.4 12.9 16.6 19.1 234 214 204 * *
Flax 90 246 23.1 19.0 12.9 17.6 18.8 241 21.3 20.0 * *
Pea 0 24.7 24.0 18.7 124 175 18.6 245 22.8 21.8 * *
Pea 30 239 24.1 19.7 11.3 17.9 19.6 239 21.6 21.1 * *
Pea 90 24.2 237 20.0 11.6 17.5 19.9 25.1 222 19.7 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns ns
Stubble
Flax 24.0 252 19.5 13.0 17.9 19.6 23.9 21.9 20.6 * *
Pea 24.3 239 19.4 11.8 17.6 19.3 24.5 222 20.9 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns ns
N Applied (kg ha™) .
0 24.3 248 19.8 12.8 185 19.8 24.4 229 21.6 * *
30 23.6 25.5 19.1 12.1 17.2 19.3 23.7 215 20.7 * *
90 24.4 23.4 19.5 12.2 17.6 19.3 246 218 19.9 * *
LSD (P=0.05) ns ns ns ns ns ns ns 0.8 0.9
ANOVA df Pr>F
Stubble (S) 1 . 09 0.71 0.99 0.33 0.91 0.91 0.62 0.83 0.85
N Applied (kg ha™ 2 "0.39 0.34 0.71 0.8 0.3 0.77 0.16 0.0307 0.0118
N*S 2 0.68 0.49 0.13 0.89 0.18 0.065 0.68 0.49 0.61
C.V. (%) 5.0 11.4 9.0 16.6 9.4 7.4 3.9 4.3 5.1
T Days after planting.

1 Days after anthesis.
@ VWC was calculated by multiplying gravimetric water content by bulk density (which is assumed to be 1.33 gcm?)
® Water extraction at a given depth is assumed to have occurred when there is a significant difference at the 0.05 level, as indicated by an asterisk

(based on a paired t-test) between at least one pair of sampling dates within a given phase of development, namely prior o or after anthesis.
Where no paired t-test yields a significant result, the p-value is presented.
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Table F.16. Volumetric Water Content of the 10-30 ¢m soil depth at the Brandon-01 site.?

Treatment Implied extraction”
Stubble N Appli?d 35DAP' 50DAP Anthesis 7DAAY 14DAA  21DAA  28DAA 35DAA  42DAA Pre-' Post-_
(kg ha™) anthesis anthesis
VWC (%)
Flax 0 26.3 25.2 24.1 241 21.9 21.6 245 241 23.2 * *
Flax 30 26.0 25.8 23.0 23.4 20.8 20.1 26.1 25.0 239 * *
Flax 90 28.2 255 223 22.3 19.3 18.3 249 227 22.6 0.07 *
Pea 0 26.9 25.0 220 221 17.9 17.5 247 227 21.7 * *
Pea 30 27.1 25.1 224 221 19.2 18.2 25.1 22.6 21.7 * *
Pea 90 264 235 215 20.6 17.0 15.8 24.2 20.9 19.2 * *
LSD (P=0.05) ns ns ns ns ns 5.6 ns 3.3 3.8
Stubble
Flax 26.8 255 23.1 23.3 20.7 20.0 25.2 23.9 23.2 * *
Pea 26.8 245 219 216 18.1 17.2 24.7 22.1 20.9 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns ns
N Applied (kg ha™")
0 26.6 25.1 23.1 23.1 19.9 19.6 24.6 234 225 * *
30 26.6 255 227 22.8 20.0 19.1 256 23.8 228 * *
90 27.3 245 21.9 214 18.2 171 24.6 21.8 20.9 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.95 0.62 0.65 0.55 0.33 0.32 0.6 0.15 0.13
N Applied (kg ha™) 2 0.7 0.67 0.74 0.44 0.43 0.25 0.55 0.2 0.28
N*S 2 0.29 0.71 0.87 0.96 0.74 0.75 0.86 0.89 0.74
C.V. (%) 7.1 9.0 13.9 12.0 15.6 16.3 8.2 9.3 11.0
T Days after planting.

1 Days after anthesis.

& Water extraction at a given depth is assumed to have occurred when there is a significant difference at the 0.05 level, as indicated by an asterisk

(based on a paired t-test) between at least one pair of sampling dates within a given phase of development, namely prior o or after anthesis.
Where no paired t-test yields a significant resuit, the p-value is presented.
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Table F.17. Volumetric Water Content of the 30-50 ¢m soil depth at the Brandon-01 site.?

Treatment Implied extraction”
N Applied 35DAPT 50DAP Anthesis 7DAA* 14DAA 21DAA  28DAA 35DAA  42DAA Pre- Post-
Stubble » . .
(kg ha™’) anthesis anthesis
VWC (%)
Flax 0 26.0 27.1 26.2 25.7 25.4 24.9 26.0 25.3 24.9 * *
Flax 30 28.6 28.8 28.2 27.8 27.3 27.2 28.6 28.3 275 0.25 *
Flax 90 28.0 26.7 25.6 24.8 23.8 22.0 26.1 25.5 252 * *
Pea 0 29.1 28.6 276 276 26.1 249 27.4 26.7 26.3 * *
Pea 30 30.6 29.7 29.2 28.7 27.2 25.9 27.9 27.6 276 * *
Pea 90 28.1 27.2 26.0 25.8 23.9 22.0 26.0 248 24.4 * *
LSD (P=0.05) 2.6 ns 3.2 3.1 ns 4.2 ns 34 2.9
Stubble ,
Flax 275 27.5 26.7 26.1 25.5 247 26.9 26.4 25.8 * *
Pea 29.3 28.5 27.6 27.4 25.7 243 271 26.3 26.1 * *
LSD (P=0.05) 1.6 ns ns ns ns ns ns ns ns
N Applied (kg ha™)
0 27.6 27.9 26.9 26.7 25.7 24.9 26.7 26.0 25.6 * *
30 29.6 29.2 28.7 28.2 27.2 26.6 28.2 27.9 275 * *
90 28.1 26.9 25.8 25.3 23.9 220 26.0 25.1 248 * *
LSD (P=0.05) ns ns ns ns ns 3.1 ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.0139 0.11 0.0663 0.11 0.78 0.71 0.8 0.96 0.6
N Applied (kg ha™) 2 0.11 0.21 0.0838 0.0598 0.0517 0.0227 0.14 0.094 0.0541
N*S 2 0.31 0.92 0.89 0.88 0.94 0.86 0.59 0.63 0.56
C.V. (%) 6.5 8.8 8.7 8.3 9.5 11.6 7.8 9.1 7.9

T Days after planting.
¥ Days after anthesis.
 Water extraction at a given depth is assumed to have occurred when there is a significant difference at the 0.05 level, as indicated by an asterisk

(based on a paired t-test) between at least one pair of sampling dates within a given phase of development, namely prior to or after anthesis.
Where no paired t-test yields a significant result, the p-value is presented.
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Table F.18. Volumetric Water Content of the 50-70 cm soil depth at the Brandon-01 site.?

Treatment Implied extraction®
N Applied 35DAPT 50DAP Anthesis 7DAA* 14DAA  21DAA 28DAA  35DAA  42DAA Pre- Post-
Stubble - . .
(kg ha™) anthesis anthesis
VWG (%)
Flax 0 30.5 30.2 30.0 29.7 29.1 29.1 29.1 289 28.8 0.37 *
Flax 30 29.7 31.0 30.8 30.6 29.9 296 30.3 30.0 30.0 0.58 *
Flax 90 30.3 30.1 28.9 28.7 28.0 277 295 285 285 * *
Pea 0 30.2 299 29.5 29.2 28.7 28.0 29.2 28.1 28.3 0.06 *
Pea 30 30.0 30.1 29.8 29.7 29.0 27.9 28.8 28.9 285 0.36 *
Pea 90 29.6 20.6 28.9 28.7 279 26.7 27.9 27.6 273 0.28 *
LSD (P=0.05) ns ns ns ns ns 2.6 ns 2.4 2.6
Stubble
Flax 30.2 30.4 29.9 29.7 29.0 28.8 29.6 29.1 29.1 * *
Pea 29.9 29.9 294 29.2 28.5 275 28.6 28.2 28.0 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns ns
N Applied (kg ha™)
0 30.4 30.1 29.7 295 289 28.5 29.1 285 28.5 * *
30 29.9 30.5 30.3 30.1 29.5 28.8 29.5 29.4 29.3 0.05 *
90 29.9 29.8 28.9 28.7 27.9 272 28.7 28.0 27.9 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.87 0.65 0.66 0.57 0.66 0.24 04 0.39 0.35
N Applied (kg ha™") 2 0.82 0.67 0.16 0.18 0.14 0.15 0.64 0.16 0.21
N*S 2 0.85 0.93 0.82 0.83 0.82 0.91 0.57 0.98 0.77
C.V. (%) 5.5 5.2 4.6 5.1 4.9 5.7 5.9 4.7 5.1
T Days after planting.

1 Days after anthesis.

# Water extraction at a given depth is assumed to have occurred when there is a significant difference at the 0.05 level, as indicated by an asterisk

(based on a paired t-test) between at least one pair of sampling dates within a given phase of development, namely prior to or after anthesis.
Where no paired t-test yields a significant result, the p-value is presented.
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Table F.19. Volumetric Water Content of the 70-90 cm soil depth at the Brandon-01 site.?

Treatment Implied extraction®
N Applied 35DAPY 50DAP Anthesis 7DAA* 14DAA 21DAA 28DAA  35DAA 42DAA Pre- Post-
Stubble - . .
(kg ha™) anthesis anthesis
ﬁ VWC (%)
Flax 0 33.1 314 29.9 29.6 29.8 294 29.4 29.2 29.2 0.23 *
Flax 30 29.9 31.1 30.8 29.9 30.3 29.9 30.4 30.3 29.8 0.16 0.06
Flax 90 31.4 30.7 31.1 30.0 29.5 29.5 30.5 30.1 29.9 * *
Pea 0 29.1 29.6 29.3 294 28.7 28.7 28.9 28.4 28.6 0.48 *
Pea 30 29.9 30.5 29.9 29.8 29.1 28.9 29.8 29.0 28.9 ¥ *
Pea 20 33.3 30.8 29.9 295 29.0 29.2 294 29.0 29.3 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns ns
Stubble
Flax 31.5 31.1 30.6 29.9 29.9 29.6 30.1 299 29.6 0.13 *
Pea 30.8 30.3 29.7 29.6 28.9 28.9 29.4 28.8 289 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns ns
N Applied (kg ha™) .
"0 31.1 30.5 29.6 295 29.3 29.1 29.1 28.8 28.9 0.28 *
30 29.9 30.8 30.3 29.8 29.7 29.4 30.1 29.6 29.3 * *
90 325 30.8 30.5 29.8 29.3 29.3 29.9 29.6 29.6 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns ns
ANOVA df ' Pr>F
Stubble (S) 1 0.48 0.43 0.52 0.62 0.35 0.54 0.5 0.36 0.43
N Applied (kg ha™") 2 0.42 0.55 0.49 0.75 0.52 0.72 0.61 0.43 0.44
N*S 2 0.17 0.46 0.71 0.93 0.68 0.65 0.55 0.43 0.69
C.V. (%) 8.4 6.0 5.3 5.9 5.5 6.1 18.6 - 5.1
T Days after planting.

¥ Days after anthesis.

# Water extraction at a given depth is assumed to have occurred when there is a significant difference at the 0.05 level, as indicated by an asterisk

(based on a paired t-test) between at least one pair of sampling dates within a given phase of development, namely prior to or after anthesis.
Where no paired t-test yields a significant result, the p-value is presented.
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Table F.20. Volumetric Water Content of the 90-110 ¢m soil depth at the Brandon-01 site.?

Treatment Implied extraction®
N Applied 35DAP' 50DAP Anthesis 7DAA* 14DAA 21DAA 28DAA 35DAA  42DAA  Pre- Post-
Stubble 4 . .
(kg ha™) anthesis anthesis
VWC (%)
Flax 0 36.0 37.8 32.1 325 32.6 326 340 328 33.5 0.16 0.19
Flax 30 34.0 33.5 34.7 33.6 324 32.6 33.0 33.7 32.7 - 0.23
Flax 90 344 33.9 35.1 32.8 33.2 33.9 35.0 35.3 33.0 0.10 -
Pea 0 33.0 324 33.2 32.3 33.5 33.1 324 32.5 33.3 0.09 0.12
Pea 30 32.5 33.0 33.0 32.1 324 324 329 33.0 32.2 0.76 0.28
Pea 90 36.7 33.0 33.5 32.9 32.2 334 32.1 33.2 32.0 0.16 0.13
LSD (P=0.05) ns ns ns ns ns ns ns ns ns
Stubble
Flax 34.9 35.5 33.5 329 32.7 33.0 338 33.8 33.1 0.39 0.09
Pea 34.2 327 33.2 324 32.7 33.0 324 32.9 32.5 0.09 0.06
LSD (P=0.05) ns ns ns ns ns ns ns ns ns
N Applied (kg ha™")
0 34.5 35.5 32.7 324 33.0 32.8 33.2 32.6 334 0.21 0.32
30 33.2 334 33.6 32.8 324 325 329 33.3 325 0.95 0.21
90 35.7 33.4 34.0 32.8 32.7 33.6 33.1 34.1 32.5 * 0.06
LSD (P=0.05) ns ns ns ns ns ns ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.96 0.0763 0.54 0.68 0.0464 0.0772 0.82 0.62 0.07
N Applied (kg ha™") 2 0.84 0.24 0.2 0.73 0.15 0.16 0.57 0.48 0.72
N*S 2 0.15 0.14 0.16 0.32 0.17 0.16 0.56 0.48 0.66
C.V. (%) 8.0 7.8 4.6 7.2 27.0 2145 346.7 26.3 59.3

1 Days after planting.
1 Days after anthesis.
# Water extraction at a given depth is assumed to have occurred when there is a significant difference at the 0.05 level, as indicated by an asterisk

(based on a paired t-test) between at least one pair of sampling dates within a given phase of development, namely prior to or after anthesis.
Where no paired t-test yields a significant result, the p-value is presented.
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Table F.21. Total soil water content in the 0-110 cm depth at the Brandon-01 site.

Treatment
N Applied 35DAPT 50DAP Anthesis 7DAA* 14DAA 21DAA . 28DAA  35DAA 42DAA
Stubble 1
(kg ha™)
Soil Water (cm)
Flax 0 32.8 32.9 30.5 29.6 29.7 29.6 31.0 304 30.1
Flax 30 32.2 32.5 32.3 30.8 29.8 29.8 32.0 31.7 30.8
Flax 90 324 30.9 29.5 29.0 29.1 28.7 30.8 29.9 29.8
Pea 0 32.1 31.9 30.2 29.4 28.7 28.3 31.0 30.0 29.8
Pea 30 32.0 30.6 30.8 29.6 29.2 28.6 31.0 30.2 29.9
Pea 90 33.3 31.1 29.9 28.6 27.8 27.4 30.4 29.3 284
LSD (P=0.05) ns ns ns ns ns ns ns ns - ns
Stubble
Flax 32.5 32.3 30.7 29.7 29.6 29.4 31.4 30.6 30.2
Pea 32.5 314 30.3 29.2 28.6 28.1 30.8 29.8 29.4
LSD (P=0.05) ns ns ns ns ns ns ns ns ns
N Applied (kg ha™)
0 32.5 32.5 304 295 29.2 29.0 310 302 29.9
30 32.1 32.0 31.3 30.1 295 29.2 31.6 31.0 30.4
90 32.9 31.0 29.8 28.8 28.3 28.0 30.6 290.6 29.1
LSD (P=0.05) ns ns ns ns ns ns ns ns ns
ANOVA . df Pr>F
Stubble (S) 1 0.98 0.41 0.61 0.52 0.26 0.17 0.40 0.26 0.16
N Applied (kg ha™) 2 0.84 0.57 0.33 0.42 0.58 0.60 0.60 0.39 0.26
N*S 2 0.82 0.78 0.68 0.87 0.95 1.00 0.84 0.81 0.73
C.V. (%) 7.2 6.3 5.7 6.5 7.1 7.7 5.0 5.5 5.0
1 Days after planting.

¥ Days after anthesis.
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Table F.22. Volumetric water content of the 0-10 cm soil depth at the Swift Current-01 site.?

Treatment Implied extraction”
Stubble N Appli?d Planting 21DAP' 36DAP 46DAP Anthesis 7DAA* 14DAA 21 DAA 28DAA 35DAA  Pre- . Post-.
(kg ha™) anthesis anthesis
B VWC (%)
Durum 34 23.6 29.7 26.1 19.9 23.9 21.2 18.6 12.7 13.0 8.4 * *
Durum 50 29.6 29.5 25.3 17.2 28.7 23.2 21.8 18.4 18.1 12.2 * >
Durum 78 27.4 34.0 27.3 19.1 30.2 22.0 21.2 15.9 16.7 13.0 * *
Pea 34 26.5 26.3 25.0 16.6 243 19.5 18.1 12.0 11.3 9.1 * *
Pea 50 234 27.7 26.3 18.2 255 221 18.7 13.4 12.3 9.6 * *
Pea 78 26.4 29.4 25.9 22.4 26.1 220 19.3 14.1 11.8 9.2 0.06 *
LSD (P=0.05) ns ns ns ns ns ns ns ns ns ns
Stubble
Durum 26.9 31.1 26.2 18.8 27.6 221 20.5 15.7 14.9 11.2 * >
Pea 254 27.8 25.8 19.1 253 21.2 18.7 13.2 11.8 9.3 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns ns ns
N Applied (kg ha™)
34 25.1 28.0 25.6 18.3 24.1 204 184 12.3 12.2 8.8 * *
50 26.5 28.6 25.8 17.7 271 22.6 20.2 15.9 13.7 10.9 > *
78 26.9 31.7 26.6 20.7 28.2 220 20.3 15.0 14.3 1.1 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns ns ns
ANOQVA df . Pr>F
Stubble (S) 1 0.47 0.0827 0.82 0.87 0.23 0.37 0.12 0.0849 0.0582 0.1
N Applied (kg ha™) 2 072 022 091 041 021 021 031 012 051 047
N*S 2 0.2 0.81 0.88 0.38 0.57 0.78 0.64 0.42 0.69 0.24
C.V. (%) 15.8 12.5 16.9 21.3 14.6 9.8 12.0 19.7 23.7 21.7

t Days after planting.

¥ Days after anthesis.

a Water extraction at a given depth is assumed to have occurred when there is a significant difference at the 0.05 level, as indicated by an asterisk
(based on a paired t-test) between at least one pair of sampling dates within a given phase of development, namely prior to or after anthesis.
Where no paired t-test yields a significant result, the p-value is presented.
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Table F.23. Volumetric water content of the 10-30 ¢m soil depth at the Swift Current-01 site®

Treatment Implied extraction®
N Applied Planting 21DAPT 36DAP 46DAP Anthesis 7DAA* 14DAA 21DAA 28DAA 35DAA  Pre- Post-
Stubble 1 . .
(kg ha™) anthesis anthesis
) VWC (%)
Durum . 34 28.9 29.1 28.1 24.4 19.0 174 16.7 14.7 13.8 13.5 * *
Durum 50 28.2 29.0 28.2 26.7 23.8 22,2 220 19.6 18.4 17.6 * *
Durum 78 31.4 31.0 28.0 23.8 18.4 17.0 16.6 14.9 13.6 13.8 * *
Pea 34 26.2 26.5 25.8 23.2 18.8 17.4 16.3 14.2 12.9 12.3 * *
Pea 50 248 25.2 249 22.4 17.9 16.3 15.0 133 113 10.6 * *
Pea 78 254 25.7 25.3 23.2 18.4 17.5 16.4 13.8 12.2 11.9 * *
LSD (P=0.05) ns ns ns ns ns ns 3.8 3.9 3.7 3.8
Stubble
Durum 29.5 29.7 28.1 25.0 20.4 18.8 18.4 16.4 15.2 156.0 * *
Pea 255 25.8 25.3 23.0 18.4 17.0 15.9 13.8 12.1 11.6 * *
LSD (P=0.05) 4.0 ns ns ns ns ns 2.2 2.3 2.1 2.2
N Applied (kg ha™)
34 27.5 27.8 26.9 23.8 18.9 174 16.5 14.5 13.3 12.9 * *
50 26.5 271 26.5 24,6 20.8 19.2 18.5 16.4 14.8 14.1 * *
78 28.4 28.3 26.7 235 184 17.2 16.5 144 12.9 12.8 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns ns ns
ANOVA df Pr>F
Stubble (8S) 1 0.0493 0.057 0.19 0.35 0.12 012 0.0279 0.026 0.0087 0.0061
N Applied (kg ha™) 2 0.72 0.86 0.99 0.92 0.27 0.29 0.22 0.23 0.27 0.52
N*S 2 0.76  0.83 0.98 0.75 0.12  0.0577 0.0307 0.0793 0.0453 0.073
C.V. (%) 14.3 14.0 15.8 18.5 13.3 12.7 12.5 14.6 15.3 16.2
1 Days after planting.

1 Days after anthesis.

a Water extraction at a given depth is assumed to have occurred when there is a significant difference at the 0.05 level, as indicated by an asterisk
(based on a paired t-test) between at least one pair of sampling dates within a given phase of development, namely prior to or after anthesis.
Where no paired t-test yields a significant resuit, the p-value is presented.
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Table F.24, Volumetric water content of the 30-50 cm soil depth at the Swift Current-01 site.?

Treatment Implied extraction™
N Applied Planting 21DAP' 36DAP 46DAP Anthesis 7DAA* 14DAA 21DAA 28DAA 35DAA  Pre- Post-
Stubble 1 . .
(kg ha™) anthesis anthesis
- VWC (%)
Durum 34 28.8 28.9 28.1 27.0 18.8 18.3 17.3 16.1 15.2 16.0 * *
Durum 50 31.7 31.6 31.4 30.3 257 25.1 23.6 225 21.5 21.5 * *
Durum 78 28.4 28.9 27.8 26.6 19.8 19.2 17.9 17.2 16.6 16.3 * 0.10
Pea 34 23.9 247 24.7 23.8 18.8 18.1 17.4 16.3 14.8 14.9 * *
Pea 50 228 23.3 236 23.5 17.9 17.56 16.4 14.7 13.2 13.2 * *
Pea 78 245 24.7 243 24.2 19.3 18.7 18.0 16.6 15.4 15.0 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns 4.4 4.6
Stubble
Durum 29.7 29.8 29.1 27.9 21.5 20.9 19.6 18.6 17.8 17.9 * *
Pea 23.7 242 24.2 239 18.7 18.1 17.3 15.9 14.5 14.3 * *
LSD (P=0.05) 56 5.1 4.8 ns ns ns ns ns 25 27
N Applied (kg ha')
34 26.4 26.8 26.4 25.4 18.8 18.2 17.4 16.2 15.0 15.4 * *
50 27.3 275 275 26.9 21.8 21.3 20.0 18.6 17.4 17.3 * *
78 26.5 26.8 26.0 25.4 19.5 19.0 17.9 16.9 16.0 15.6 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns ns ns
ANOVA df . Pr>F
Stubble (S) 1 0.0411 0.0347 0.0439 0.0958 0.11 0.0734 0.11 0.0598 0.0147 0.0123
N Applied (kg ha™) 2 0.95 0.97 0.86 0.83 0.32 0.2 0.29 0.34 0.28 04
N*S 2 0.72 0.73 0.66 0.71 0.13 0.0858 0.0744 0.0554 0.0313 0.053
C.V. (%) 20.6 18.5 17.4 18.5 17.2 15.2 15.5 16.3 15.3 16.0
T Days after planting.

1 Days after anthesis.
a Water extraction at a given depth is assumed to have occurred when there is a significant difference at the 0.05 level, as indicated by an asterisk

(based on a paired t-test) between at least one pair of sampling dates within a given phase of development, namely prior to or after anthesis.
Where no paired t-test yields a significant result, the p-value is presented.
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Table F.25. Volumetric water content of the 50-70 ¢m soil depth at the Swift Current-01 site.?

Treatment Implied extraction®
Stubble N Appli?d Planting 21DAPT 36DAP 46DAP Anthesis 7DAA* 14DAA 21DAA 28DAA 35DAA Pre-. Post--
(kg ha™) anthesis anthesis
ﬁ VWC (%)
Durum 34 23.8 23.7 23.7 23.2 19.9 19.0 18.3 16.8 16.7 16.9 * *
Durum 50 285 286 28.1 27.8 244 23.9 23.0 21.9 21.3 21.6 0.07 0.06
Durum 78 29.0 29.5 29.5 29.0 265 258 25.2 24.0 24.1 239 0.12 *
Pea 34 24.5 247 24.8 246 22.2 222 20.7 19.5 18.2 18.2 * *
Pea 50 247 249 25.0 25.2 227 223 21.3 20.1 19.1 18.8 0.05 *
Pea 78 27.3 272 26.0 27.0 242 238 22.7 21.8 204 20.1 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns ns ns
Stubble
Durum 271 27.3 27.1 26.7 23.6 229 22.1 20.9 20.7 20.8 * *
Pea 255 256 253 25.6 23.0 228 21.6 204 19.2 19.0 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns ns ns
N Applied (kg ha™)
34 24.2 24.2 242 23.9 21.0 20.6 195 18.1 17.4 17.5 * *
50 26.6 26.7 26.5 26.5 235 23.1 22.1 210 20.2 202 * *
78 28.1 28.3 27.8 28.0 25.3 24.8 239 229 22.3 220 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns ns ns
ANOVA df . PrsF
Stubble (S) 1 0.46 0.38 0.37 0.61 0.83 0.95 0.8 0.84 0.53 0.48
N Applied (kg ha™") 2 0.33 0.24 0.36 0.28 0.37 0.36 0.3 0.27 0.25 0.37
N*S 2 0.68 0.59 0.59 0.69 0.7 0.61 0.64 0.64 0.62 0.69
C.V. (%) 17.0 15.1 15.9 16.5 21.7 215 217 23.5 23.8 26.4
1 Days after planting.

1 Days after anthesis.

a Water extraction at a given depth is assumed to have occurred when there is a significant difference at the 0.05 level, as indicated by an asterisk
(based on a paired t-test) between at least one pair of sampling dates within a given phase of development, namely prior to or after anthesis.
Where no paired t-test yields a significant result, the p-value is presented.
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Table F.26. Volumetric water content of the 70-90 cm soil depth at the Swift Current-01 site.?

Treatment Implied extraction”
Stubble N Appli?d Planting 21DAP' 36DAP 46DAP Anthesis 7DAA* 14DAA 21DAA 28DAA 35DAA Pre-' Post-.
(kg ha™) anthesis anthesis
~ VWC (%)
Durum 34 20.8 20.9 205 20.1 19.3 19.0 18.9 18.6 18.3 18.6 * *
Durum 50 27.2 25.0 24.9 24.0 23.2 22.6 221 21.8 21.9 21.9 * *
Durum 78 30.2 304 30.2 30.3 28.7 28.6 28.2 27.2 27.1 27.2 0.21 *
Pea 34 26.6 26.1 26.2 26.5 25.6 25.1 24.6 24.2 235 23.7 0.18 0.11
Pea 50 23.6 23.6 23.2 23.0 227 22.3 21.9 215 21.6 216 0.06 *
Pea 78 28.7 28.4 27.0 28.4 27.2 26.8 26.0 25.8 25.2 25.3 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns ns ns
Stubble )
Durum 26.1 25.4 25.2 248 238 234 23.1 225 224 226 * *
Pea 26.3 26.0 25.5 25.9 25.2 248 242 23.8 234 235 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns ns ns
N Applied (kg ha™")
34 23.7 235 23.4 23.3 225 22.1 21.8 214 20.9 21.2 * *
50 254 24.3 24.0 235 23.0 22.4 22.0 21.6 21.7 21.7 * *
78 29.4 29.4 28.6 29.3 28.0 277 271 26.5 26.1 26.3 * *
LSD (P=0.05) ns 4.7 ns 5.0 ns ns ns ns ns ns
ANOVA df Pr>F -
Stubble (S) 1 0.91 0.7 0.89 0.56 0.51 0.52 0.62 0.55 0.65 0.68
N Applied (kg ha™) 2 0.0693 0.035 0.0823 0.0371 0.1 0.0764 0.11 0.14 0.15 0.16
N*S 2 0.14 0.22 0.15 0.19 0.29 0.28 0.33 0.39 0.41 0.42
C.V. (%) 15.0 14.4 15.6 15.8 18.1 18.0 19.3 19.9 20.1 20.4
T Days after planting.

1 Days after anthesis.

a Water extraction at a given depth is assumed to have occurred when there is a significant difference at the 0.05 level, as indicated by an asterisk
(based on a paired t-test) between at least one pair of sampling dates within a given phase of development, namely prior to or after anthesis.
Where no paired t-test yields a significant result, the p-value is presented.
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Table F.27. Volumetric water content of the 90-110 cm soil depth at the Swift Current-01 site.?

Treatment Implied extraction”
N Applied Planting 21DAP' 36DAP 46DAP Anthesis 7DAA* 14DAA 21DAA 28DAA 35DAA Pre- Post-
Stubble A . .
(kg ha™) anthesis anthesis
) VWC (%)
Durum 34 23.8 23.9 23.6 235 23.6 23.1 22,6 22.9 227 225 0.15 *
Durum 50 22.3 211 21.1 21.0 224 20.8 20.4 20.2 19.8 20.1 0.42 *
Durum 78 29.9 30.2 30.0 299 29.1 29.5 28.5 27.7 28.0 27.9 0.14 *
Pea 34 28.7 28.7 28.3 28.5 278 28.0 28.2 27.4 27.2 27.6 * *
Pea 50 241 23.7 23.8 239 23.7 23.9 235 234 235 235 0.26 0.17
Pea 78 29.9 30.3 29.9 30.2 29.5 29.0 28.7 284 28.5 28.7 0.10 *
LSD (P=0.05) ns ns ns ns ns ns ns ns ns ns
Stubble
Durum 25.3 25.0 249 24.8 25.0 24.4 23.8 236 235 235 0.25 *
Pea 27.6 27.6 27.3 275 27.0 26.9 26.8 26.4 26.4 26.6 * *
LSD (P=0.05) ns ns ns ns ns ns ns ns ns ns
N Applied (kg ha™)
34 26.3 26.3 25.9 26.0 25.7 255 25.4 25.2 25.0 25.0 * *
50 23.2 22.4 22.4 22.4 23.0 223 21.9 21.8 21.6 218 0.23 *
78 29.9 30.2 29.9 30.0 29.3 29.2 28.6 28.0 28.2 28.3 0.08 *
LSD (P=0.05) ns 5.4 5.3 5.3 ns ns ns ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.27 0.23 0.23 0.2 0.34 0.27 0.19 0.21 0.19 0.15
N Applied (kg ha™) 2 0.0513 0.0257 0.0312 0.0272 0.0727 0.0654 0.0705 0.1 0.0713 0.0727
N*S 2 0.61 0.64 0.62 0.64 0.72 0.59 0.61 0.76 0.72 0.7
C.V. (%) 15.9 16.3 16.3 16.1 16.4 17.7 17.8 18.3 17.8 17.5

T Days after planting.
1 Days after anthesis.
a Water extraction at a given depth is assumed to have occurred when there is a significant difference at the 0.05 level, as indicated by an asterisk

(based on a paired t-test) between at least one pair of sampling dates within a given phase of development, namely prior to or after anthesis.
Where no paired t-test yields a significant result, the p-value is presented.
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Table F.28. Total soil water content in the 0-110 cm depth at the Swift Current-01 site.

Treatment :
Stubble N Appli?d Planting 21DAP' 36DAP 46DAP Anthesis 7DAA* 14DAA 21DAA 28DAA  35DAA
(kg ha™)
Soil Water (cm)
Durum 34 234 239 243 23.0 19.5 19.0 18.7 14.4 15.0 14.7
Durum 50 26.0 25.4 25.7 245 237 22.7 226 18.8 18.6 18.3
Durum 78 25.6 26.3 25.6 23.8 222 20.6 20.7 16.7 17.5 17.1
Pea 34 226 22.0 23.2 21.8 20.0 19.2 19.0 14.7 147 14.6
Pea 50 215 218 23.0 220 20.0 19.4 18.8 14.6 145 14.2
Pea 78 23.1 23.0 234 235 20.8 20.2 19.8 15.6 15.3 14.9
LSD (P=0.05) ns ns ns ns ns . ns ns ns ns ns
Stubble
Durum 25.0 25.2 252 23.8 21.8 20.8 20.6 16.6 17.0 16.7
Pea 22.4 223 23.2 22.4 20.3 19.6 19.2 14.9 14.8 14.6
LSD (P=0.05) 3.2 ns 2.8 ns ns ns ns ns ns 1.9
N Applied (kg ha™") _
34 23.0 23.0 23.7 224 19.8 19.1 188 14.5 14.9 14.6
50 23.8 236 244 232 219 211 20.7 16.7 16.5 16.2
78 24.4 246 245 236 215 204 20.2 16.1 16.4 16.0
LSD (P=0.05) ns ns ns ns ns ns ns ns ns ns
ANOVA - df Pr>F
Stubble (S) 1 <0.0001 0.0721 0.0461 0.18 0.29 0.15 0.18 0.1 0.079  0.0246
N Applied (kg ha™) 2 1 0.71 0.58 0.89 0.71 0.23 0.17 0.21 0.16 0.26
N*S 2 0.94 0.54 0.85 0.9 0.77 0.26 0.2 0.15 0.14 0.24
C.V. (%) 33.1 11.8 11.6 12.3 11.4 10.1 8.3 8.7 11.7 11.4
1 Days after planting. :

1 Days after anthesis.
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8.7. APPENDIX G — ANALYSIS OF VARIANCE, LSDs, AND CONTRASTS FOR
THE EFFECTS OF PREVIOUS CROP AND FERTILIZER NITROGEN
TREATMENTS ON SELECTED HARVEST MEASUREMENTS AT THE
CARMAN, BRANDON, AND SWIFT CURRENT EXPERIMENTAL SITES
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Table G.1. Grain yield (14% moisture basis) at the Carman-00, Carman-01, and
Brandon-01 sites.
Treatment Site
Stubble N Apph'?d Carman-00 Carman-01 Brandon-01
(kg ha™)
kg ha™
Flax 0 3039 3739 1443
Flax 30 AN* 3535 3764 1824
Fiax 30 CRU** 3434 3722 2090
Flax 90 AN 3218 3734 2564
Flax 90 CRU 3679 3661 2385
Pea 0 3919 3699 2147
Pea 30 AN 3592 3597 2513
Pea 30 CRU 3906 3607 2520
Pea 90 AN 3634 3737 2791
Pea 90 CRU 3680 3675 2951
LSD (P=0.05) 452 ns 390
Stubble
Flax 3381 3724 2061
Pea 3746 3663 2584
LSD (P=0.05) 214 ns 151
N Applied (kg ha™")
0 3479 3719 1795
30 AN 3563 3680 2168
30 CRU 3670 3664 2305
90 AN 3426 3735 2678
90 CRU 3679 3668 2668
LSD (P=0.05) ns ns 239
ANOVA df Pr>F
Stubble (S) 1 0.0026 0.5 0.039
N Applied (kg ha™) 4 0.46 0.91 <0.0001
N*S 4 0.0821 0.83 0.24
Contrasts
Peavs FlaxatO N 0.0005 0.77 0.001
Pea vs Flaxat 30 N 0.1 1 0.15 0.0003
Pea vs Flax at 90 N 0.19 0.93 0.0065
AN vs CRU 0.13 0.52 0.45
ANvs CRU-30Nvs 90N 0.53 0.69 0.38
ONvs30N 0.34 0.56 0.0002
30N vs 90 N 0.59 0.65 <0.0001
Peavs Flax-O0Nvs 30 N 0.0403 0.52 0.48
Peavs Flax-30Nvs 90 N 0.81 0.25 0.33
Pea at 30 N vs Flax 90 N 0.0647 0.32 0.76
C.V. (%) 9.2 4.9 10.0
* Ammonium nitrate
** Controlled-release urea
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Table G.2. Grain protein content (14% moisture basis) at the Carman-00, Carman-01,
and Brandon-01 sites.?

Treatment Site
Stubble N Apph-?d Carman-00 Carman-01 Brandon-01
(kgha")
Flax 0 13.9 17.3 14.1
Flax 30 AN* 145 17.2 13.3
Flax 30 CRU** 145 17.3 13.7
Flax 90 AN 16.6 175 15.3
Flax 90 CRU 16.4 17.7 15.4
Pea 0 15.5 17.3 13.8
Pea 30 AN 16.9 17.8 14.7
Pea 30 CRU 16.4 17.8 14.6
Pea 90 AN 17.4 17.7 16.5
Pea 90 CRU 17.4 17.6 16.3
LSD (P=0.05) 1.1 ns 1.0
Stubble
Flax 15.2 17.4 14.4
Pea 16.7 17.6 15.2
LSD (P=0.05) 0.4 ns ns
N Applied (kg ha™") ‘
0 14.7 17.3 13.9
30 AN 15.7 175 14.0
30 CRU 15.4 175 1441
90 AN 17.0 17.6 15.9
90 CRU 16.9 17.7 15.8
LSD (P=0.05) 0.7 ns 0.6
ANOVA df Pr>F
Stubble (S) 1 0.0305 0.3 0.17
N Applied (kg ha™) 4 <0.0001 0.51 <0.0001
N*S 4 0.16 0.49 0.0503
Contrasts
Peavs FlaxatON 0.0041 - 091 0.49
Pea vs Flax at 30 N <0.0001 0.0327 0.0039
Peavs Flaxat 90 N 0.0198 0.88 0.0067
AN vs CRU 0.45 0.73 0.88
ANvs CRU-30Nvs 90N 0.76 0.95 0.63
ONvs30N 0.0065 0.28 0.61
30Nvs 90 N <0.0001 0.4 <0.0001
Peavs Flax-ONvs 30 N 0.43 0.17 0.0065
Peavs Flax-30 Nvs 90 N 0.0166 0.14 0.85
Pea at 30 N vs Flax 90 N 0.65 0.55 0.0428
C.V. (%) 4.2 2.6 3.8

* Ammonium nitrate
** Controlled-release urea

2 Protein content is expressed at per cent N multiplied by 5.7.




Table G.3. Grain N yield (14% moisture basis) at the Carman-00, Carman-01, and

Brandon-Q1sites.

Treatment Site
Stubble N Appll_c:.d Carman-00 Carman-01 Brandon-01
(kg ha™)
kg N ha™
Flax 0 74 114 36
Flax 30 AN* 90 113 43
Flax 30 CRU** 88 113 51
Flax 90 AN 93 115 69
Flax 90 CRU 105 114 65
Pea 0 107 112 52
Pea 30 AN 106 112 65
Pea 30 CRU 112 113 64
Pea 90 AN 111 116 81
Pea 90 CRU 112 114 84
LSD (P=0.05) 12 ns 11
Stubble
Flax 90 114 52
Pea 110 113 69
LSD (P=0.05) 6 ns 4
N Applied (kg ha™)
0 91 113 44
30 AN 98 113 54
30 CRU 100 113 57
90 AN 102 115 75
90 CRU 109 114 74
LSD (P=0.05) 9 ns 7
ANOVA df Pr>F
Stubbie (S) 1 0.0012 0.84 0.0382
N Applied (kg ha™") 4 0.0057 0.93 <0.0001
N*S 4 0.0552 1 0.49
Contrasts
Peavs FlaxatO N <0.0001 0.79 0.0061
Pea vs Flax at 30 N <0.0001 0.79 <0.0001
Peavs Flaxat 90 N 0.0055 0.86 0.0004
AN vs CRU 0.14 0.7 0.44
ANvs CRU-30Nvs 90N 0.42 0.7 0.38
ONvs30N 0.0308 0.95 0.0002
30Nvs 90 N 0.0504 0.48 <0.0001
Peavs Flax- O Nvs 30 N 0.1 0.95 0.76
Pea vs Flax - 30 Nvs 90 N 0.2 0.76 0.6
Pea at 30 N vs Flax 90 N 0.0204 0.58 0.59
C.V. (%) 8.5 5.9 104

* Ammonium nitrate

** Controlled-release urea
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Table G.4. Total plant N uptake per unit grain protein content (dry matter basis) at the
Carman-00, Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kg ha)
Flax 0 10.1 9.2 4.6
Flax 30 AN* 10.3 9.2 5.4
Flax 30 CRU** 10.0 10.2 6.2
Flax 90 AN 10.6 10.5 7.9
Flax 90 CRU 11.2 10.8 75
Pea 0 105 8.1 6.1
Pea 30 AN 112 8.7 7.2
Pea 30 CRU 10.2 10.1 7.8
Pea 90 AN 12.8 105 7.1
Pea 90 CRU 9.7 10.3 7.6
LSD (P=0.05) ns 1.5 1.7
-Stubble
Flax 104 10.0 6.3
Pea 10.9 9.6 7.2
L.SD (P=0.05) ns ns 0.8
- N Applied (kg ha™")
0 10.3 8.7 53
30 AN 10.7 8.9 6.3
30 CRU 10.1 10.2 7.0
90 AN 11.7 10.5 7.5
90 CRU 104 10.6 7.5
LSD (P=0.05) ns 1.0 1.3
ANOVA df Pr>F
Stubble (S) 1 0.59 0.41 0.0446
N Applied (kg ha™) 4 0.32 0.0005 0.0082
N*S 4 0.27 0.81 0.18
Contrasts
Peavs FlaxatO N 0.75 0.16 0.0885
Peavs Flaxat30 N 0.53 - 0.62 0.0077
Pea vs Flax at 90 N 0.71 0.62 0.57
AN vs CRU 0.1 0.0729 0.43
ANvs CRU-30Nvs 90N 0.58 0.0848 0.47
ONvs30N 0.9 0.038 0.021
30N vs 90 N 0.24 0.0073 0.0657
Peavs Flax-ONvs 30 N 0.91 0.36 0.83
Pea vs Flax-30 Nvs 90 N 0.85 1 0.0264
Pea at 30 Nvs Flax 90 N 0.76 0.0199 0.8
C.V. (%) 15.4 9.7 18.4

* Ammonium nitrate

** Controlled-release urea
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Table G.5. Total grain yield per unit total plant N uptake (dry matter basis) at the
Carman-00, Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
Flax 0 19.1 18.0 16.8
Flax 30 AN* 215 18.1 19.0
Flax 30 CRU** 212 16.1 18.6
Flax 90 AN 16.1 15.6 16.5
Flax 90 CRU 18.2 144 15.8
Pea 0 21.0 20.0 19.3
Pea 30 AN 16.7 17.8 18.0
Pea 30 CRU 21.1 15.2 17.3
Pea 90 AN 14.4 15.2 18.3
Pea 90 CRU 19.6 15.5 18.1
LSD (P=0.05) ns 2.8 ns
Stubble
Flax 19.2 16.4 17.3
Pea 18.6 16.7 18.2
LSD (P=0.05) ns ns ns
N Applied (kg ha™")
0 20.1 19.0 18.1
30 AN 19.1 18.0 18.5
30 CRU 21.2 15.6 18.0
90 AN 15.2 15.4 17.4
90 CRU 18.9 14.9 17.0
LSD (P=0.05) ns 2.0 ns
ANOVA df
Stubble (S) 1 0.64 0.68 0.3
N Applied (kg ha™") 4 0.0628 0.0006 0.83
N*S 4 0.45 0.52 0.51
Contrasts
Peavs FlaxatON 0.51 0.14 0.2
Pea vs Flaxat 30 N 0.23 0.52 0.43
Pea vs Flaxat 90 N 0.95 075 0.14
AN vs CRU 0.0522 0.0482 0.64
ANvs CRU-30Nvs 90 N 0.57 0.17 0.94
ONvs30N 0.96 0.014 0.91
30Nvs 90N 0.0358 0.0215 0.3
Peavs Flax-O0Nvs 30 N 0.22 0.12 0.15
Pea vs Flax- 30 Nvs 90 N 0.41 0.49 0.12
Pea at 30 N vs Flax 90 N 0.37 0.13 0.27
C.V. (%) 20.9 11.4 15.7
* Ammonium nitrate
** Controlled-release urea




Table G.6. Grain yield, protein content, and N yield (14% moisture basis) at the

Swift-Current-00 site.?
Treatment
Stubble N Appllfd Grain Yield  Protein Content  Grain N Yield
(kg ha™)
—kghat- e Ymemnn —--kgNha"---
Durum 34 1510 10.3 27.4
Durum 50 2075 11.7 42.2
Durum 78 2248 12.9 50.6
Pea 34 2645 12.8 59.9
Pea 50 2731 13.2 63.0
Pea 78 2359 13.8 56.2
LSD (P=0.05) ns 15 23.0
Stubble
Durum 1944 11.6 40.1
Pea 2578 13.2 59.7
LSD (P=0.05) 591 0.9 13.3
N Applied (kg ha™")
34 2077 11.5 43.7
50 2403 12.5 52.6
78 2304 13.3 53.4
LSD (P=0.05) ns 1.1 ns
ANOVA df Pr>F
Stubble (S) 1 0.0376 0.0016 0.0074
N Applied (kg ha™) 2 0.62 0.0125 0.38
N*S 2 0.34 0.33 0.24
Contrasts
34 Nvs50N 0.35 0.087 0.25
50Nvs 78 N 0.77 0.11 0.92
Pea vs Durum - 34 Nvs 50 N 0.49 0.38 0.45
Pea vs Durum - 50 N vs 78 N 043 0.53 0.33
Durum at 50 N vs Pea at 34 N 0.25 0.15 0.12
Durum at 78 Nvs Pea at 50 N 0.32 0.61 0.26
C.V. (%) 25.5 6.9 25.9

2 Protein content is expressed at per cent N multiplied by 5.7.
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Table G.7. Grain yield, grain protein content, grain N yield (14% moisture basis), plant N uptake per unit
protein content, and grain yield per unit total plant N uptake (DM basis) at the Swift-Current-01 site.
Treatment . ' Grain Yield
Stubble N Applied Grain Yield® Cz:z::ab Grain N Yield® p: l:::ta :;Zc per “"“cN
(kgha™) Uptake
—kghat'-e e Yom-m= --kg N ha™'---
Durum 34 1321 14.6 34.1 4.4 176
Durum 50 1607 15.1 425 4.9 18.8
Durum 78 1405 16.7 411 5.0 155
Pea " 34 1222 16.6 35.6 3.7 16.8
Pea 50 1399 17.0 417 3.2 233
Pea 78 1703 16.1 47.0 5.0 18.3
LSD (P=0.05) ns ns ns ns ns
Stubble
Durum 1444 15.5 39.3 4.8 17.3
Pea 1441 16.6 414 4.0 19.5
LSD (P=0.05) ns 1.0 ns ns ns
N Applied (kg ha™")
34 1271 15.6 34.9 41 17.2
50 1503 16.1 42.1 4.1 21.1
78 1554 16.4 44.0 5.0 16.9
LSD (P=0.05) ns ns ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.99 0.0333 0.56 0.23 0.24
N Applied (kg ha™) 2 0.33 0.44 0.14 0.39 0.14
N*S 2 0.41 0.0788 0.76 0.52 0.48
Contrasts
34Nvs50N 0.25 0.49 0.13 0.98 0.1
50Nvs 78 N 0.8 0.54 0.69 0.25 0.0782
Peavs Durum-34 Nvs 50 N 0.78 0.96 0.8 0.5 0.42
Pea vs Durum-50 N vs 78 N 0.21 0.0523 0.47 0.27 0.24
Durum at 50 N vs Pea at 34 N 0.18 0.0797 0.3 0.28 0.81
Durum at 78 N vs Pea at 50 N 0.98 0.68 0.92 0.13 0.52
C.V. (%) 23.1 6.2 19.4 29.9 20.4
*Days after anthesis -
2 Expressed on a 14 per cent moisture basis.
® Protein content is expressed at N multiplied by 5.7.
° Expressed on a dry matter basis.
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8.8. APPENDIX H - ANALYSIS OF VARIANCE, LSDs, AND CONTRASTS FOR
THE EFFECTS OF PREVIOUS CROP AND FERTILIZER NITROGEN
TREATMENTS ON SELECT SOIL NITROGEN DATA AT THE CARMAN,
BRANDON, AND SWIFT CURRENT EXPERIMENTAL SITES




364
Table H.1. Change in NO,-N status in the soil profile between anthesis and harvest
at the Carman-00, Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Apph_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
kg NO5-N ha™
Flax 0 8 -28 -16
Flax 30 AN* 12 11 -14
Flax 30 CRU** 9 4 -13
Flax 90 AN 12 -13 -28
Flax 90 CRU 7 0 -14
Pea 0 -3 -3 -16
Pea 30 AN 5 4 -20
Pea 30 CRU -5 8 -22
Pea 90 AN -23 -13 -23
Pea 90 CRU -21 20 -31
LSD (P=0.05) 17 ns 15
Stubble ‘
Flax 10 -5 -17
Pea -9 3 22
LSD (P=0.05) 8 ns ns
N Applied (kg ha'™")
0 2 -15 -16
30 AN 8 7 -17
30 CRU 2 6 -18
90 AN -3 -13 -26
90 CRU -7 10 -23
LSD (P=0.05) ns ns ns
ANOVA df
Stubble (S) 1 0.0103 0.64 0.0028
N Applied (kg ha™) 4 0.12 0.31 0.35
N*S 4 0.12 0.81 0.32
Contrasts
Peavs FlaxatON 0.23 - 03 0.97
Pea vs Flax at 30 N 0.0834 0.95 0.15
Pea vs Flax at 90 N <0.0001 0.58 0.3
AN vs CRU 0.36 0.32 0.77
ANvs CRU-30Nvs 90N 0.55 0.27 0.64
ONvs30N 0.59 0.11 0.8
30N vs 90 N 0.0129 0.46 0.0862
PeavsFlax-ONvs 30 N 0.98 0.33 0.44
Pea vs Flax-30 Nvs 90 N 0.0188 0.63 0.77
Pea at 30 Nvs Flax 90 N 0.11 0.47 0.94
* Ammonium nitrate
** Controlled-release urea
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Table H.2. Change in NO;-N status in the soil profile between planting and harvest
at the Carman-00, Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
kg NOz-N ha
Flax 0 -108 -75 -44
Flax 30 AN* -91 -51 -22
Flax 30 CRU** -84 -69 -36
Flax 90 AN -61 -39 -18
Flax 90 CRU -66 -62 -12
Pea 0 -81 -56 -36
Pea 30 AN -83 -61 -27
Pea 30 CRU -64 -94 -33
Pea 90 AN -62 -48 16
Pea 90 CRU -7 -48 10
LSD (P=0.05) 39 30 12
Stubble
Flax -82 -59 -26
Pea -59 -62 -14
LSD (P=0.05) ns ns 3
N Applied (kg ha™")
0 -95 -66 -40
30 AN -87 -56 -24
30 CRU -74 -82 -34
90 AN -62 -44 -1
90 CRU -37 -55 -1
LSD (P=0.05) 16 11 5
ANOVA df
Stubble (S) 1 0.36 0.9 0.0726
N Applied (kg ha™") 4 0.0087 0.0253 0.0007
N*S 4 0.36 0.27 0.31
Contrasts
Peavs FlaxatON 0.3 ' 0.36 0.56
Pea vs Flax at 30 N 045 0.23 0.93
Peavs Flaxat 90 N 0.2 0.88 0.0064
AN vs CRU 0.0894 0.0248 0.5
ANvs CRU-30Nvs 90N 0.54 0.35 0.46
ONvs30N 0.28 0.75 0.24
30N vs 90 N 0.0127 0.0196 0.0004
PeavsFlax-ONvs 30N 0.63 0.0687 0.61
Peavs Flax-30 Nvs 90 N 0.55 0.21 0.0466
Pea at 30 N vs Flax 90 N 0.61 0.0677 0.13
* Ammonium nitrate
** Controlled-release urea
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Table H.3. Apparent net mineralized nitrogen (NMN) between planting and anthesis at
the Carman-00, Carman-01, and Brandon-01 sites.?
Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kgha™)
kg N ha™
Flax 0 52 65 30
Flax 30 AN* 34 0 22
Flax 30 CRU** 34 16 19
Flax 90 AN 16 -8 28
Flax 90 CRU 0 7 -8
Pea 0 27 1 30
Pea 30 AN 34 15 30
Pea 30 CRU 49 27 7
Pea 90 AN 45 22 -3
Pea 90 CRU 13 -20 1
LSD (P=0.05) 27 54 26
Stubble '
Flax 27 16 18
Pea 33 11 13
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
0 39 38 30
30 AN 34 7 26
30 CRU 42 22 13
90 AN 29 7 13
90 CRU 6 -6 -3
LSD (P=0.05) 23 ns 18
ANOVA df
Stubble (S) 1 0.63 0.23 0.45
N Applied (kg ha™) 4 0.0002 0.24 0.007
N*S 4 0.0127 0.23 0.17
Contrasts
Pea vs FlaxatO N 0.0645 0.0497 0.98
Pea vs Flax at 30 N 0.4 0.51 0.8
Pea vs Flax at 90 N 0.0298 0.95 0.25
AN vs CRU 0.12 0.96 0.0275
ANvs CRU-30Nvs 90 N 0.0039 0.34 0.84
ONvs30N 0.78 0.18 0.17
30N vs 90 N 0.0006 0.32 0.0251
Peavs Flax-ONvs 30N 0.0118 0.0621 0.87
Peavs Flax-30 Nvs 90 N 0.2 0.69 0.53
Pea at 30 N vs Flax 90 N 0.0009 0.27 0.34
* Ammonium nitrate
** Controlled-release urea
# NMN was calculated by subtracting the sum of NO;-N to 110 cm at anthesis plus total
aboveground plant N yield at anthesis from the sum of NO3-N to 120 cm prior to planting
plus fertilizer N rate.




Table H.4. Apparent net mineralized nitrogen (NMN) during the growing season at

the Carman-00, Carman-01, and Brandon-01 sites.?

Treatment Site
Stubble N Apph::-d Carman-00 Carman-01 Brandon-01
(kg ha™)
kg N ha™
Flax : 0 108 75 44
Flax 30 AN* 91 51 22
Flax 30 CRU** 84 69 36
Flax 90 AN 61 75 18
Flax 90 CRU 66 62 12
Pea 0 81 56 36
Pea 30 AN 83 61 27
Pea 30 CRU 64 94 33
Pea 90 AN 62 48 -16
Pea 90 CRU 7 48 -10
LSD (P=0.05) 54 ns 28
Stubble
Flax 82 66 26
Pea 59 62 14
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
0] 95 66 40
30 AN 87 56 24
30 CRU 74 82 34
90 AN 62 61 1
90 CRU 37 55 1
LSD (P=0.05) 33 ns 20
ANOVA df
Stubble (S) 1 0.36 0.72 0.0726
N Applied (kg ha™) 4 0.0094 0.63 0.0007
N*S 4 0.36 0.64 0.31
Contrasts
Peavs FlaxatO N 0.3 0.49 0.56
Pea vs Flaxat 30 N 0.45 0.36 0.93
Peavs Flaxat 90 N 0.2 0.3 0.0064
AN vs CRU 0.0894 0.48 0.5
ANvs CRU-30Nvs 90N 0.54 0.24 0.46
ONvs30N 0.28 0.85 0.24
30Nvs 90 N 0.0127 0.44 0.0004
Peavs Flax-ONvs 30N 0.63 0.28 0.61
Pea vs Flax - 30 N vs 90 N 0.55 0.17 0.0466
Pea at 30 N vs Flax 90 N 0.61 0.62 0.13

* Ammonium nitrate

** Controlled-release urea

% NMN was calculated by subtracting the sum of NO5-N to 110 cm at maturity plus total
aboveground plant N yield at maturity from the sum of NO;-N to 120 cm prior to planting
plus fertilizer N rate.




Table H.5. Apparent net mineralized nitrogen (NMN) between anthesis and harvest at
the Carman-00, Carman-01, and Brandon-01 sites.?

Treatment Site
Stubble N Appll-?d Carman-00 Carman-01 Brandon-01
(kg ha™)
kg N ha™
Flax 0 57 10 13
Flax 30 AN* 57 51 0
Flax 30 CRU** 49 53 17
Flax 90 AN 45 83 -9
Flax 90 CRU 67 54 20
Pea 0 54 46 5
Pea 30 AN 48 416 -3
Pea 30 CRU 15 67 26
Pea 90 AN 17 27 -13
Pea 90 CRU -6 68 -12
LSD (P=0.05) 50 64 ns
Stubble
Flax 55 50 8
Pea 26 51 1
LSD (P=0.05) 19 ns ns
N Applied (kg ha™")
0 56 28 9
30 AN 53 48 -2
30 CRU 32 60 22
90 AN 33 55 -11
90 CRU 30 61 4
LSD (P=0.05) ns ns ns
ANOVA df
Stubble (S) 1 0.054 0.96 0.0355
N Applied (kg ha™) 4 0.29 0.58 0.18
N*S 4 0.19 0.34 0.63
Contrasts
Peavs FlaxatO N 0.9 0.26 0.65
Pea vs Flax at 30 N 0.16 0.82 0.81
Peavs Flax at 90 N 0.0063 0.35 0.17
AN vs CRU 0.29 '0.58 0.0497
AN vs CRU -30Nvs 90 N 0.43 0.87 0.68
ONvs30N 0.33 0.19 0.95
30Nvs 90N 0.34 0.82 0.16
Peavs Flax-ONvs 30 N 0.48 0.44 0.63
Peavs Flax-30 Nvs 90 N 0.24 0.42 0.28
Pea at 30 N vs Flax 90 N 0.12 0.6 0.63

* Ammonium nitrate

** Controlled-release urea
# Calculated by subtracting apparent NMN at anthesis from apparent NMN during the
growing season.




Table H.6. Change in NO;-N status in the soil profile during the growing
season at the Swift Current-01 site.

Treatment Soil NO;-N balance
N Applied Anthesis to Planting to
Stubble (kgp:a") Harvest Harve?st
-------------- kg NOg-N ha™"--meemeermeeev
Durum 34 -1 -13
Durum 50 0 1
Durum 78 26 20
Pea 34 -6 -6
Pea 50 -37 -9
Pea 78 -4 5
LSD (P=0.05) 28 ns
Stubble
Durum 8 3
Pea -16 -3
LSD (P=0.05) 16 ns
N Applied (kg ha™)
34 -4 -9
50 -19 -4
78 11 13
LSD (P=0.05) 19 ns
ANOVA df
Stubble (S) 1 0.0067 0.47
N Applied (kg ha™") 2 0.02 0.12
N*S 2 0.19 0.52
Contrasts
34Nvs50N 0.12 0.62
S50Nvs 78 N 0.006 012
Pea vs Durum - 34 Nvs 50 N 0.0865 0.39
Peavs Durum -50 Nvs 78 N 0.65 0.84
Durum at 50 N vs Pea at 34 N 0.63 0.64
Durum at 78 N vs Pea at 50 N 0.0003 0.0608
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Table H.7. Apparent net mineralized nitrogen (NMN) during the growing season
at the Swift Current-01 site.>>°

Treatment Apparent Net Mineralized N
N Applied Planting to ~ Growing Anthesis to
Stubble " " a b c
(kg ha™’) Anthesis Season Harvest
kg N ha™
Durum 34 11 18 7
Durum 50 8 26 18
Durum 78 -15 25 40
Pea 34 9 22 13
Pea 50 28 -5 -32
Pea 78 3 6 3
LSD (P=0.05) ns ns ns
Stubble :
Durum 1 23 22
Pea 13 8 5
LSD (P=0.05) ns ns 23
N Applied (kg ha™)
34 10 20 10
50 18 11 -7
78 , -6 16 22
LSD (P=0.05) ns ns ns
ANOVA df
Stubble (S) 1 0.18 0.12 0.0222
N Applied (kg ha™) 2 0.11 0.71 0.11
N*S 2 0.54 0.3 0.10
Contrasts
34Nvs50N 0.5 0.41 0.2
50Nvs 78N 0.0411 0.66 0.0411
Pea vs Durum - 34 Nvs 50 N 0.33 0.13 0.045
Pea vs Durum - 50 N vs 78 N 0.96 0.61 0.63
Durum at 50 Nvs Pea at 34 N 0.94 0.82 0.8
Durum at 78 N vs Pea at 50 N 0.0132 0.0797 0.0016

# Calculated by subtracting the sum of NO4-N to 110 cm at anthesis plus total aboveground
plant N yield at anthesis from the sum of NO;-N to 120 cm prior to planting plus fertilizer
N rate.

® Calculated by subtracting the sum of NO3-N to 110 ¢m at maturity plus total aboveground
plant N yield at maturity from the sum of NO,-N to 120 cm prior to planting plus fertilizer N

rate.
¢ Calculated by subtracting apparent NMN at anthesis from apparent NMN during the growing
season.
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Table H.8. Recoverable N at anthesis at the Carman-00, Carman-01, and
Brandon-01 sites.*®
Treatment Site
Stubbie Tkgph'i[?;j Carman-00? Carman-01*  Brandon-01°
kg N ha™
Flax 0 117 215 80
Flax 30 AN* 129 180 102
Flax 30 CRU** 130 196 98
Flax 90 AN 172 232 167
Flax 90 CRU 155 247 131
Pea 0 147 145 112
Pea 30 AN 184 179 141
Pea 30 CRU 199 191 118
Pea 90 AN 257 246 169
Pea 90 CRU 223 204 173
LSD (P=0.05) 65 25
Stubble
Flax 141 214 116 -
Pea 199 193 143
LSD (P=0.05) 9 ns 11
N Applied (kg ha™)
0] 132 - 180 96
30 AN 157 179 122
30 CRU 164 194 108
90 AN 208 239 168
90 CRU 189 226 152
LSD (P=0.05) 141 18
ANOVA df
Stubble (S) 1 0.005 0.44 0.0122
N Applied (kg ha™) 4 <0.0001 0.0156 <0.0001
N*S 4 0.0166 0.23 0.13
Contrasts
Peavs Flaxat O N 0.0078 0.0364 0.0166
Peavs Flax at 30 N <0.0001 0.89 0.0021
Peavs Flaxat 90 N <0.0001 0.52 0.0232
AN vs CRU 0.0628 - 0.96 0.0223
ANvs CRU-30Nvs 90 N 0.004 0.34 0.86
ONvs30N 0.0001 0.71 0.0148
30N vs 90 N <0.0001 0.0032 <0.0001
Peavs Flax-ONvs 30N 0.0246 0.0621 0.91
Peavs Flax-30 Nvs 8O N 0.12 0.69 0.49
Peaat30 Nvs Flax90 N 0.0012 0.0223 0.0261
C.V. (%) 7.7 19.4 13.7
* Ammonium nitrate
** Controlled-release urea
& Calculated as the sum of soil NOg-N to 110 cm plus aboveground plant N yield.
® Calculated as the sum of soil NO;-N to 90 cm plus aboveground plant N yield.




Table H.9. Recoverable N at harvest at the Carman-00, Carman-01, and

Brandon-01 sites.®®

Treatment Site
Stubble l\(lk/g\p':);[?)(i Carman-00° Carman-012 Brandon-01°
kg N ha™
Flax 0 174 225 93
Flax 30 AN* 186 231 102
Flax 30 CRU** 179 249 115
Flax 90 AN 217 315 158
Flax 90 CRU 222 302 152
Pea 0 202 191 117
Pea 30 AN 233 225 138
Pea 30 CRU 214 259 144
Pea 90 AN 274 273 156
Pea 90 CRU 217 272 161
LSD (P=0.05) 56 28
Stubble
Flax 196 264 124
Pea 225 244 143
LSD (P=0.05) 21 ns 11
N Applied (kg ha™)
0 132 208 105
30 AN 157 228 120
30 CRU 164 254 130
90 AN 208 294 157
90 CRU 189 287 156
LSD (P=0.05) 39 20
ANOVA df
Stubble (S) 1 0.14 0.26 0.0333
N Applied (kg ha™) 4 0.0224 0.0004 <0.0001
N*S 4 0.38 0.64 0.29
Contrasts
Peavs FlaxatO N 0.25 0.22 0.11
Pea vs Flax at 30 N 0.0242 0.92 0.0017
Peavs Flaxat 90 N 0.1 0.0783 0.71
AN vs CRU 0.1 0.48 047
ANvs CRU-30Nvs 90 N 0.56 10.24 0.45
ONvs30N 0.26 0.0556 0.0242
30Nvs 90 N 0.0159 0.0011 0.0002
Peavs Flax-ONvs 30 N 0.65 0.28 0.53
PeavsFlax-30 Nvs 90 N 0.56 0.17 0.0411
Pea at 30 N vs Flax 90 N 0.78 0.0021 0.21
C.V. (%) 14.5 14.9 15.0

* Ammonium nitrate
** Controlled-release urea

# Calculated as the sum of soil NO,-N to 110 cm plus aboveground plant N yield 35 days

after anthesis.

® Calculated as the sum of soil NOg-N to 90 cm plus aboveground plant N yield 35 days

after anthesis.
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Table H.10. Recoverable N at anthesis and harvest at the Swift Current-01

site.??
Treatment
Stubble Tk/g\phF:l'e)d Anthesis® Harvest®
---------------- R ]
Durum 34 71 76
Durum 50 75 89
Durum 78 86 121
Pea 34 77 89
Pea 50 99 70
Pea 78 102 106
LSD (P=0.05) ns ns
Stubble
Durum 77 95
Pea 93 88
LSD (P=0.05) ns ns
N Applied (kg ha™)
34 74 82
50 87 80
78 94 113
LSD (P=0.05) ns 29
ANOVA df
Stubble (S) 1 0.1 0.44
N Applied (kg ha™) 0.2 0.0178
N*S 2 0.72 0.32
Contrasts
34Nvs50N 0.23 0.81
50Nvs78N 0.54 0.0101
Pea vs Durum - 34 Nvs 50 N 0.43 0.17
Pea vs Durum - 50 N vs 78 N 0.74 0.87
Durum at 50 Nvs Pea at 34 N 0.93 0.98
Durum at 78 N vs Pea at 50 N 0.39 0.0069
C.V. (%) 22.0 21.0

2 Calculated as the sum of soil NO;-N to 90 cm plus aboveground plant N
yield.
® Calculated as the sum of soil NO3-N to 90 cm plus aboveground plant N
yield 35 days after anthesis.
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8.9. APPENDIX I - MATERIALS AND METHODS FOR THE SWIFT CURRENT
EXPERIMENTAL SITES

An experiment was initiated in 1999 at the Semiarid Prairie Agricultural Research
Centre on a Haverhill loam as part of a larger study evaluating the value of annual grain
legumes for low disturbance direct seeding. In the first phase of the study, seven main
plots were established in 1999 (Swift-00) and 2000 (Swift-01) including field pea (Pisum
sativum L. cv. Alfetta) and durum wheat (Triticum durum Desf. cv. Kyle). Legumes
received phosphorous based on soil test recommendations, as well as sulphur at the rate
of one unit of S per unit of P. Three replicates were arranged in a strip block design.
Dimensions of the main plots were 4.6 m x 13.7 m.

In the re-crop phase of the study, spring wheat (Triticum aestivum L. cv. AC
Barrie) was sown with a low-disturbance seeder at a rate of 90 kg ha. Maiﬁ plots were
not tilled between harvest of the main crop and wheat sowing. Three N fertilizer
treatments (34, 50, and 78 kg N ha™ as commercial gradé urea (46-0-0)) were randomly
arranged as sub-plots to each block. N treatments were based on soil test
recommendations for average, dry, and wet growing conditions, respectively. Sub-plot
dimensions were 4.6 m x 4.6 m.

Detailed agronomic data were collected only at the Swift-01 site; harvest data _
were collected at the Swift-00 site. Methods concerning collection of agronomic data
were identical to the methods used at the Brandon and Carman sites with minor changes.

Prior to planting and fertilization of the wheat, soil in each plot (9 plots per stubble type)

was sampled at depths of 0-15 cm, 15-60 cm, and 60-120 cm. Composites of three to
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five 50 mm diameter soil cores were prepared for each replicate and stored at 5°C until
they could be air-dried. A summary of soil characteristics based on the average of the
nine replicates of each main plot (previous crop) for each site is provided in Table L3.
Neutron access tubes were installed in all sub-plots immediately after planting. Anthesis
tissue and soil sampling was initiated once at least 50 per cent of main stems were in the
mid-anthesis stage. At the end of each sub-plot opposite to where neutron access tubes
were installed, two adjacent rows 1-1.5 m long (depending on location and row spacing)
were removed just above the soil surface. Every 7 d thereafter until 35 days after
anthesis (DAA), a single row 1-1.5 m long was removed at a distance of at least 30 cm
from the last row sampled.

Data were analyzed by analysis of variance (ANOVA) for a factorial experiment
arranged in a completely randomized design using the Proc GLM procedure (SAS
Institute Inc. 2001). Statistical analysis of all soil NO;-N data was preceded by natural |
log transformation in order to ensure more homogeneous variances. The effect of
previous crop on spring soil NO3-N was analyzed by ANOVA using the Proc GLM

procedure. Pre-determined, non-orthogonal single degree of freedom contrasts were used

to evaluate stubble*N rate combinations.
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8.10. APPENDIX J - MATERIALS AND METHODS FOR SELECTED GRAIN
QUALITY ANALYSES

J. 1. Spectophotometrié Protein Quality

This protein extraction procedure utilized in this study (Sapirstein and Johnson
2000) is based on the solubility of flour protein subjected to various concentrations of 50
per cent 1-propanol. Initially, 100 mg of flour is extracted with 1 mL 50 per cent v/v) 1-
propanol for 30 min at room temperature in a 1.5 mL microcentrifuge tube with
intermittent vortexing every 10 min for 5 sec. Afier the initial extraction, the mixture is
centrifuged for 3 min at 2200 g (Biofuge A, Heraeus-Christ) and the supernatant is used
to quantify 50 per cent 1-propanol soluble protein. This fraction consitsts of albumin,
globulin, gliadin, and low molecular weight glutenin. The method was modified to
utilize a 50 mg flour sample because of the high flour protein contents of some of the
samples.

Once the supernatant is removed from the microcentrifuge tube, the remaining
pellet is reduced with 1 mL of 50 per cent 1-propanol containing 0.1 per cent
dithiothreitol for 30 min at 55°C in a heating block. The samples are then vortexed for 2
min and at 14 min intervals thereafter. The mixture is then centrifuged for 3 min at
15000 g. The microcentrifuge tube is inverted to ensure a homogeneous supernatant and
placed in a rack. An aliquot of the supernatant is collected, diluted 100-fold in a fresh
tube with 50 per cent 1-propanol, and vortexed. The supernatant consists of high
molecular weight glutenin.

Absorbance of samples is determined with a spectrophotometer that measures

peptide bond absorbance. The blank sample used in the analysis is a 1 mL aliquot of 50
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per cent 1-propanol. Absorbance is based on a 10 mm path length cuvette at 214 nm. A
calibration curve is prepared and values are adjusted to a 14 per cent moisture basis.

Flour N content was determined by combustion with a LECO Model CNS
Analyzer (LECO Corporation, St. Joseph, MI) and expressed on a 14 per cent moisture
basis. Total flour protein content was expressed as N content multiplied by a factor of
5.7. Three protein fractions were differentiated based on this extraction procedure,
namely soluble protein (SP, described previously), insoluble glutenin (IG, which is
comprised of high molecular weight glutenin), and residue protein (RP, or unextractable
protein), which contains unextractable high molecular weight glutenin as well as high
molecular weight globulin. RP was calculated by subtracting the sum of SP and IG from
total flour protein. Total insoluble protein (IP) was determined by difference as well (i.e.
FP-SP). Each of the four protein fractions were also expressed as a percentage of total

flour protein content. The ratio of SP to IG and the ratio of SP to IP were also calculated.

J. 2. Mixograph

A 10 g computerized torque-recording Mixograph was utilized in this experiment
to evaluate dough-mixing properties (National Manufacturihg, Lincoln, NE). Dough
mixing was performed in duplicate using 10 g flour (+/- 0.01 g) and 62 per cent distilled
water at 25°C for 8 min. Temperature is regulated using a water-jacketed mixing bowl.
Computerized data acquisition was performed using Mixsmart sofiware Version 3.8

(Walker and Walker 1995) with the following settings: Mixograph speed 88 rpm; spring

setting 10; sampling at 10 points sec™; top, mid-, and bottom curve filter values and filter
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stages of 160 and 1, respectively; minimum and maximum torque standard readings of 63
and 900, respectively.

A computer-generated dough mixing curve, is generated based the power
consumption of the Mixograph, which is a measure of torque (%) transferred to the
mixing bowl. A typical mixogram is presented in Fig J.2.1. Dough mixing time to peak
development (MDT) is the time (min) required to reach peak dough resistance (PDR), or
Mixogram height (% torque). Work input to peak (WIP, expressed as % torque*min) is
based on an integral of dough development time and % torque, while peak band width
(PBW, expressed as % torque) is the range of % torque at MDT. Dough breakdown

resistance (BR, expressed as %) is calculated as 100-(dough resistance 2 min after

MDT/PDR)*100, while strength index (SI) is calculated at MDT*PBW.




379

F 2001 SHIFT S9P REP1 62x ABS SPRING 18 ND SALT 82-20-20892 18 :53:21

, 2 2 4 5 6 ?
in. ] ] ] ] I

Figure J.2.1. Typical Mixogram generated with 10 g Mixograph.

J. 3. Mixro-extension test

Dough extensibility was evaluated using e; TA . XT2i texture analyzer fitted with a
Kieffer rig (Texture Technologies, Inc., Scarsdale, NY; Stable Microsystems, SMS,
Surry, UK) as described by Smewing (1995) with small modifications. Dough was
prepared with the Mixograph as described previously; 0.2 g salt was added to the flour
prior to addition of distilled water. The first run of the Mixograph is carried out in order

to determine peak dough resistance. The process is repeated and mixing is halted once

PDR is reached. The dough is removed from the mixing bowl and formed into strips
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using a Teflon block apparatus lubricated with Crisco™ oil, and allowed to rest for
approximately 40 min at room temperature.

The test was done in duplicate (and triplicate if necessary) using 4-6 dough strips
per replicate. A dough strip is removed from the Teflon block, loaded into the Kieffer rig
apparatus and is pulled by a hook located on the texture analyzer at a rate of 3 mm sec’!
until the dough piece tears. A computerized extensigram is generated during the
procedure using Texture Expert for Windows Version 1.0 software (Stable Micro
Systems Ltd. 1995) with the following settings; pre-test speed 2 mm sec™, trigger force 5
g; test speed 3 mm sec”, post-test speed 10 mm sec™’, data acquisition rate 200 pps.

A typical extensigram is presented in Figure J.2.2. Maximum dough resistance
(Rmax, expressed as g) is a measure of dough strength and resistance to extension, dough
extensibility at Rmax and dough extensibility at dough rupture (E) are expressed in mm.
Extensigram area (E Area) is calculated as an integral of resistance to extension over

time. The dough visco-elastic ratio was calculated as Rmax/E.
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Rmax (g)
Resistance to
extension

Force (g)

Extensigram Area

Extension until dough ruptures (mm)Distanw {rm)

Figure J.3.1. A typical extensigram.
J. 4. Canadian Short Process (CSP) Bake Test

The CSP bake test was performed randomly in duplicate (and triplicate where
necessary) as described by Preston et al. (1981), and is indicative of procedures used by
Canadian commercial bakeries, namely optimized dough development and short
fermentation time (CGC 1992). The formulation is as follows: 100 g flour (14 per cent
moisture basis), 3.2 g compressed yeast, 2.4 g non-iodized salt, 4.0 g sugar, 4.0 g whey,
30g shortening, 0.2 g malt syrup, 0.1 g ammonium phosphate, and 0.0075 g ascorbic
acid. Water addition is roughly equivalent to Farinograph water absorption plus 4 per
cent and is determined by the baker.

Dough is mixed with a GRL 200 mixer at 165 rpm at 30°C; floor time is 15 min
at 30°C. Dough is then lightly punched 7 times and is then proofed for 15 min at 30°C.

Dough is then sheeted by passing it 3 times through a National sheeter at 11/32”, 3/16”,

and 1/8”, respectively, and is then molded for 30 seconds using a GRL moulder. The
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dough is proofed for approximately 70 min +/- 5 min at 37.5°C and 83 per cent relative

humidity, baked for 30 min at 204°C, and allowed to cool to ambient temperature. The

loaf is weighed and volume is determined using a rapeseed displacement apparatus.
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8.11. APPENDIX K -~ ANALYSIS OF VARIANCE, LSDs, AND CONTRASTS
FOR THE EFFECTS OF PREVIOUS CROP AND FERTILIZER NITROGEN
TREATMENTS ON SELECTED GRAIN AND FLOUR NITROGEN AND
SULPHUR ANALYSES AT THE CARMAN, BRANDON, AND SWIFT
CURRENT EXPERIMENTAL SITES




Table K.1. Per cent grain N at the Carman-00, Carman-01, and Brandon-01 sites.?
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Treatment Site
Stubble N Ap p"_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
Flax 0 2.43 3.04 248
Flax 30 AN* 2.55 3.01 2.34
Flax 30 CRU** 2.54 3.03 2.41
Flax 90 AN 291 3.08 2.69
Flax 90 CRU 2.87 3.11 2.70
Pea 0 273 3.03 2.42
Pea 30 AN 2.96 3.11 257
Pea 30 CRU 2.88 3.12 2.56
Pea 90 AN 3.05 3.11 2.89
Pea 90 CRU 3.05 3.09 2.85
LSD (P=0.05) 0.19 ns 0.18
Stubble
Flax 2.66 3.05 2.52
Pea 2.93 3.09 2.66
LSD (P=0.05) 0.08 ns 0.06
N Applied (kg ha™)
0 2.58 3.03 2.45
30 AN 2.75 3.06 2.46
30 CRU 2.71 3.08 2.48
90 AN 2.98 3.09 2.79
90 CRU 2.96 3.10 2.78
LSD (P=0.05) 0.12 ns 0.10
ANOVA df Pr>F
Stubble (S) 1 0.0307 0.3 0.17
N Applied (kg ha™") (N) 4 <0.0001 0.51 <0.0001
N*S 4 0.16 0.5 0.0513
Contrasts
Peavs FlaxatO N 0.0041 0.9 0.49
Peavs Flax at 30 N <0.0001 0.0335 0.0039
Pea vs Flax at 90 N 0.02 0.88 0.0067
AN vs CRU 0.45 0.74 0.87
ANvs CRU-30Nvs 90N 0.76 0.96 0.63
ONvs30N 0.0066 0.28 0.61
30N vs 90 N <0.0001 0.4 <0.0001
PeavsFlax-ONvs 30N 042 0.17 0.0067
Pea vs Flax - 30 N vs 90 N 0.0164 0.14 0.85
Pea at 30 N vs Flax 90 N 0.65 0.55 0.0433
Pea at 0 N vs Flax at 30 N 0.0303 0.93 0.56
Pea at O N vs Flax at 90 N 0.0595 0.22 0.0009
C.V. (%) 4.2 2.6 3.8

* Ammonium nitrate

** Controlled-release urea
2 Expressed on a 14 per cent moisture basis.
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Table K.2. Per cent grain N at the Swift Current-00 and Swift Current-01
sites.?
Treatment Year
Stubble '\('k'gpr:’:.?)d 2000 2001
Durum 34 n.d.* 257
Durum 50 n.d. 2.65
Durum 78 n.d. 2.93
Pea 34 n.d. 2.92
Pea 50 n.d. 2.99
Pea 78 n.d. 2.83
LSD (P=0.05) ns
Stubble
Durum n.d. 2.71
Pea n.d. 2.91
LSD (P=0.05) 0.18
N Applied (kg ha™)
34 n.d. 2.74
50 n.d. 2.82
78 n.d. 2.88
LSD (P=0.05) ns
ANOVA df Pr>F
‘Stubble (S) 1 n.d. 0.0353
N Applied (kg ha™") : 2 n.d. 0.44
N*S 2 n.d. 0.0769
Contrasts
Pea vs Durum at 34N n.d. 0.0267
Pea vs Durum at 50N n.d. 0.0091
Pea vs Durum at 78N n.d. 0.41
34 Nvs50 N n.d. 0.49
50Nvs 78 N n.d. 0.54
34Nvs78 N n.d. 0.21
Pea vs Durum - 34 Nvs 50 N n.d. 0.96
Pea vs Durum - 50 Nvs 78 N nd. . 0.0511
Durum at 50 N vs Pea at 34 N nd. 0.0813
Durum at 78 N vs Pea at 50 N n.d. 0.7
Durum at 78 N vs Pea at 34 N n.d. 0.95
C.V. (%) n.d. 6.3
# Expressed on a 14 per cent moisture basis.
* Data were not collected.




Table K.3. Per cent grain S at the Carman-00, Carman-01, and Brandon-01 sites.?
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Treatment Site
Stubble N App "_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
Flax 0 0.152 0.172 0.139
Flax 30 AN* 0.157 0.172 0.137
Flax 30 CRU** 0.158 0.171 0.140
Flax 90 AN 0.177 0.175 0.157
Flax 90 CRU 0.175 0.179 0.156
Pea 0 0.168 0.172 0.140
Pea 30 AN 0.178 0.178 0.150
Pea 30 CRU 0.174 0.177 0.147
Pea 90 AN 0.184 0.178 0.163
Pea 90 CRU 0.184 0.177 0.161
LSD (P=0.05) 0.010 ns 0.008
Stubble
Flax 0.164 0.174 0.146
Pea 0.178 0.176 0.152
LSD (P=0.05) 0.003 ns 0.003
N Applied (kg ha™")
0 0.160 0.172 0.139
30 AN 0.168 0.175 0.143
30 CRU 0.166 0.174 0.143
90 AN 0.181 0.176 0.160
90 CRU 0.179 0.178 0.159
LSD (P=0.05) 0.006 ns 0.005
ANOVA df Pr>F
Stubble (S) 1 0.0378 0.35 0.18
N Applied (kg ha™") (N) 4 <0.0001 0.1 <0.0001
N*S 4 0.1 0.17 0.17
Contrasts
Pea vs FlaxatO N 0.002 1 0.91
Pea vs Flaxat 30 N <0.0001 0.0097 0.0023
Pea vs Flax at 90 N 0.016 0.96 0.0664
AN vs CRU 0.45 0.9 0.64
ANvs CRU-30Nvs90 N 0.87 0.54 0.8
ONvs30N 0.0043 0.18 0.0576
30N vs 90 N <0.0001 0.0845 <0.0001
Pea vs Flax-ONvs 30 N 0.49 0.0883 0.031
Pea vs Flax-30 Nvs 90 N 0.0093 0.0363 0.21
Pea at 30 N vs Flax 90 N 0.82 0.83 0.0157
PeaatO N vs Flaxat 30 N 0.017 0.8 0.76
Peaat 0 Nvs Flaxat 90 N 0.0518 0.0775 0.0001
C.V. (%) 3.1 2.4 3.3

* Ammonium nitrate

** Controlled-release urea
® Expressed on a 14 per cent moisture basis.




Table K.4. Per cent grain S at the Swift Current-00 and Swift Current-01 sites.?

Treatment Year
Stubble "(’k';p:a"_?)d 2000 2001
Durum 34 nd. 0.172
Durum 50 n.d. 0.175
Durum 78 n.d. 0.189
Pea 34 n.d. 0.181
Pea 50 n.d. 0.186
Pea 78 n.d. 0.178
LSD (P=0.05) ns
Stubble
Durum n.d. 0.179
Pea n.d. 0.182
LSD (P=0.05) ns
N Applied (kg ha™")
34 n.d. 0.177
50 n.d. 0.181
78 n.d. 0.183
LSD (P=0.05) ns
ANOVA df Pr>F
Stubble (S) 1 n.d. 0.32
N Applied (kg ha™") 2 n.d. 0.28
N*S 2 n.d. 0.096
Contrasts
Pea vs Durum at 34N n.d. 0.36
Pea vs Durum at 50N n.d. 0.0787
Pea vs Durum at 78N n.d. 0.0787
34Nvs50N n.d. 0.14
S50Nvs78 N n.d. 0.76
34Nvs78N n.d. 0.23
Pea vs Durum - 34 Nvs 50 N n.d. 0.76
Pea vs Durum-50Nvs 78 N n.d. 0.047
Durum at 50 N vs Pea at 34 N n.d. 0.66
Durum at 78 N vs Pea at 50 N n.d. 0.66
Durum at 78 Nvs Pea at 34 N n.d. 0.39
C.V. (%) n.d. 5.1

® Expressed on a 14 per cent moisture basis.
* Data were not collected.
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Table K.5. Ratio of grain N to grain S at the Carman-00, Carman-01, and Brandon-01 sites.?

Treatment Site
Stubble N App",?d Carman-00 Carman-01 Brandon-01
(kg ha™)
Flax 0 15.99 17.63 17.80
Fiax 30 AN* 16.18 17.56 17.13
Flax 30 CRU** 16.09 17.75 17.19
Flax 90 AN 16.46 17.55 17.16
Flax 90 CRU 16.39 17.35 17.32
Pea 0 16.25 17.58 17.30
Pea 30 AN 16.60 17.48 17.15
Pea 30 CRU 16.49 17.61 17.41
Pea 90 AN 16.55 17.49 17.76
Pea 90 CRU 16.59 17.49 17.71
LSD (P=0.05) ns ns 0.41
Stubble
Flax 16.22 17.57 17.32
Pea 16.50 17.53 17.46
LSD (P=0.05) ns ns ns
N Applied (kg ha™")
o] 16.12 17.61 17.55
30 AN 16.39 17.52 17.14
30 CRU 16.29 17.68 17.30
90 AN 16.50 17.52 17.46
90 CRU 16.49 17.42 17.51
LSD (P=0.05) ns ns ns
ANOVA df Pr>F .
Stubble (S) 1 0.0768 0.84 0.19
N Applied (kg ha®) (N) 4 0.1 0.36 0.0448
N*S 4 0.82 0.84 0.0087
Contrasts
Peavs FlaxatO N 0.25 0.84 0.0183
Pea vs Flax at 30 N 0.0149 0.46 0.41
Pea vs Flax at 90 N 0.36 0.78 0.0017
AN vs CRU 0.59 0.75 0.31
ANvs CRU-30Nvs90 N 0.67 0.17 0.61
ONvs30N 0.12 0.93 0.0133
30N vs 90 N 0.15 0.18 0.0133
Peavs Flax-ONvs 30N 0.59 0.76 0.0187
Pea vs Flax- 30 N vs 90 N 0.25 0.41 0.0756
Pea at 30 N vs Flax 90 N 0.47 0.55 0.8
PeaatO Nvs Flaxat 30 N 0.54 0.71 0.44
Pea at O N vs Flax at 90 N 0.37 0.47 0.75
C.V. (%) 1.9 1.5 1.6

* Ammonium nitrate

** Controlled-release urea
? Expressed on a 14 per cent moisture basis.




Table K.6. Ratio of grain N to grain S at the Swift Current-00 and

Swift Current-01 sites.?

Treatment Year
Stubble '\('k'gphp:.?)d 2000 2001
Durum 34 n.d. 14.92
Durum 50 n.d. 15.14
Durum 78 nd. 16.52
Pea 34 n.d. 16.14
Pea 50 n.d. 16.03
Pea 78 n.d. 15.92
L.SD (P=0.05) ns
Stubble
Durum nd. 15.20
Pea n.d. 16.03
LSD (P=0.05) 0.68
N Applied (kg ha)
34 n.d. 15.53
50 nd. 15.59
78 n.d. 15.72
LSD (P=0.05) ns
ANOVA df Pr>F
Stubble (S) 1 n.d. 0.0201
N Applied (kg ha™) 2 n.d. 0.88
N*S 2 n.d. 0.58
Contrasts
Pea vs Durum at 34N n.d. 0.0292
Pea vs Durum at 50N n.d. 0.0759
Pea vs Durum at 78N nd. 0.39
34 Nvs50N nd. 0.88
50Nvs78 N n.d. 0.74
34Nvs78N n.d. 0.62
Pea vs Durum - 34 Nvs 50 N n.d. 0.68
Peavs Durum-50 Nvs 78 N n.d. 0.54
Durum at 50 N vs Pea at 34 N n.d. 0.0916
Durum at 78 N vs Pea at 50 N n.d. 0.36
Durum at 78 Nvs Pea at 34 N n.d. 0.28
C.V. (%) n.d. 4.2

2 Expressed on a 14 per cent moisture basis.
* Data were not collected.




Table K.7. Per cent flour N at the Carman-00, Carman-01, and Brandon-01 sites.?
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Treatment Site
Stubble N App"fd Carman-00 Carman-01 Brandon-01
(kg ha™)
Flax 0 2.22 2.85 2.36
Flax 30 AN* 2.38 2.84 2.29
Flax 30 CRU** 2.29 2.84 2.30
Flax 90 AN 2.63 2.91 2.56
Flax 90 CRU 2.60 2.91 2.69
Pea 0 2.56 2.82 2.38
Pea 30 AN 271 2.90 2.48
Pea 30 CRU 2.65 2.87 2.47
Pea 90 AN 2.79 2.89 2.83
Pea 90 CRU 2.83 2.94 2.80
L.SD (P=0.05) 0.17 ns 0.16
Stubble
Flax 2.42 2.87 2.44
Pea 2.71 2.89 2.59
LSD (P=0.05) 0.06 ns 0.06
N Applied (kg ha™")
0 2.39 2.84 2.37
30 AN 2.54 2.87 2.38
30 CRU 2.47 2.86 2.39
90 AN 2.71 2.90 2.70
90 CRU 2.72 2.93 2.75
L.SD (P=0.05) 0.09 ns 0.09
ANOVA df Pr>F
Stubble (S) 1 0.0368 0.55 0.13
N Applied (kg ha™") (N) 4 <0.0001 0.11 <0.0001
N*S 4 0.15 0.62 0.0902
Contrasts
Peavs FlaxatO N 0.0004 0.58 0.85
Pea vs Flax at 30 N <0.0001 0.17 0.0036
Pea vs Flax at 90 N 0.0032 0.95 0.0026
AN vs CRU 0.34 0.82 0.43
ANvs CRU-30Nvs 90 N 0.22 0.38 0.43
ONvs30N 0.0058 0.38 0.67
30N vs 90 N <0.0001 0.0538 <0.0001
Peavs Flax-ONvs 30 N 0.96 0.21 0.0421
Pea vs Flax- 30 Nvs 90 N 0.0257 0.35 0.91
Pea at 30 N vs Flax 90 N 0.3 0.5 0.011
PeaatONvsFlaxat 30 N 0.0048 0.71 0.25
Pea at O N vs Flax at 90 N 0.44 0.0459 0.0011
C.V. (%) 3.6 2.4 3.5

* Ammonium nitrate

** Controlled-release urea
® Expressed on a 14 per cent moisture basis.




Table K.8. Per cent flour N at the Swift Current-00 and Swift Current-01

sites.?
Treatment Year
Stubble "('kgp:;'.?)d 2000 2001
Durum 34 1.68 2.40
Durum 50 1.89 2.44
Durum 78 2.12 2.78
Pea 34 1.97 2.73
Pea 50 2.16 2.84
Pea 78 2.43 2.66
LSD (P=0.05) 0.24 0.29
Stubble
Durum 1.90 2.54
Pea 2.19 275
LSD (P=0.05) 0.14 0.17
N Applied (kg ha™")
34 1.82 2.57
50 2.03 2.64
78 227 272
LSD (P=0.05) 0.14 ns
ANOVA df Pr>F
Stubble (S) 1 0.0006 0.0175
N Applied (kg ha™") 2 0.0003 0.3
N*S 2 0.95 0.0333
Contrasts
Pea vs Durum at 34N 0.0214 0.0267
Pea vs Durum at 50N 0.032 0.0091
Pea vs Durum at 78N 0.0138 0.41
34 Nvs50N 0.0225 0.46
50Nvs78N 0.0074 04
34Nvs78N <0.0001 0.13
Pea vs Durum - 34 Nvs 50 N 0.88 0.69
Pea vs Durum-50Nvs 78 N 0.75 0.016
Durum at 50 Nvs Pea at 34 N 0.51 0.0423
Durum at 78 N vs Pea at 50 N 0.71 0.62
Durum at 78 Nvs Peaat 34 N 0.20 0.75
C.V. (%) 6.6 6.1

& Expressed on a 14 per cent moisture basis.




Table K.9. Per cent flour S at the Carman-00, Carman-01, and Brandon-01 sites.?
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Treatment Site
Stubble N Ap p"_?d Carman-00 Carman-01 Brandon-01
(kg ha™) v
Flax 0 0.129 0.145 0.136
Flax 30 AN* 0.138 0.146 0.134
Flax 30 CRU** 0.135 0.146 0.133
Flax 90 AN 0.148 0.149 0.148
Flax 90 CRU 0.148 0.150 0.151
Pea 0 0.146 0.147 0.135
Pea 30 AN 0.153 0.149 0.141
Pea 30 CRU 0.151 0.149 0.140
Pea 90 AN 0.156 0.151 0.157
Pea 90 CRU 0.158 0.151 0.153
LSD (P=0.05) 0.009 ns 0.010
Stubble
Flax 0.140 0.147 0.140
Pea 0.153 0.150 0.145
LSD (P=0.05) 0.003 ns 0.004
N Applied (kg ha™)
0 0.138 0.146 0.135
30 AN 0.145 0.148 0.137
30 CRU 0.143 0.148 0.136
90 AN 0.152 0.150 0.152
90 CRU 0.153 0.151 0.152
LSD (P=0.05) 0.005 0.003 0.006
ANOVA df Pr>F
Stubble (S) 1 0.0452 0.25 0.27
N Applied (kg ha™) (N) 4 <0.0001 0.0371 <0.0001
N*S 4 0.17 0.96 0.71
Contrasts
Peavs FlaxatO N 0.0003 0.44 1
Pea vs Flax at 30 N <0.0001 0.0675 0.0381
Peavs Flaxat90 N . 0.006 0.35 0.29
AN vs CRU 0.63 1 0.78
ANvs CRU-30Nvs 90 N 0.27 0.63 0.78
ONvs30N 0.0027 0.24 0.65
30N vs 90 N <0.0001 0.0216 <0.0001
Peavs Flax-ONvs 30 N 0.6 0.62 0.18
Pea vs Flax- 30 Nvs 80 N 0.0476 0.47 0.41
Pea at 30 Nvs Flax 90 N 0.3 0.88 0.0029
PeaatONvs Flaxat 30 N 0.0106 0.65 0.56
Pea at 0 Nvs Flaxat 90 N 0.54 0.23 0.0006
C.V. (%) 3.0 1.9 4.4

* Ammonium nitrate

** Controlled-release urea
2 Expressed on a 14 per cent moisture basis.
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Table K.10. Per cent flour S at the Swift Current-00 and Swift Current-01
sites.”
Treatment Year
Stubble "('kgphpa"_?)d 2000 2001
Durum 34 0.104 0.149
Durum 50 0.115 0.146
Durum 78 0.125 0.165
Pea 34 0.120 0.156
Pea 50 0.123 0.160
Pea 78 0.141 0.153
LSD (P=0.05) 0.015 ns
Stubble
Durum 0.115 0.153
Pea 0.128 0.156
LSD (P=0.05) 0.009 ns
N Applied (kg ha™")
34 0.112 0.152
50 0.119 0.153
78 0.133 0.159
LSD (P=0.05) 0.009 ns
ANOVA df Pr>F
Stubble (S) 1 0.0055 0.59
N Applied (kg ha™) 2 0.0027 0.33
N*S 2 0.62 0.0467
Contrasts
Pea vs Durum at 34N 0.0349 0.36
Pea vs Durum at 50N 0.28 0.0787
Pea vs Durum at 78N 0.0382 0.0787
34Nvs50N 0.13 1
50Nvs 78 N 0.016 ) 0.2
34Nvs78N 0.0008 0.2
Peavs Durum - 34 Nvs 50 N 0.4 0.51
Pea vs Durum - 50 Nvs 78 N 0.42 0.0187
Durum at 50 Nvs Peaat34 N 0.56 0.18
Durum at 78 N vs Pea at 50 N 0.81 0.36
Durum at 78 Nvs Peaat 34 N 0.44 0.18
C.V. (%) 6.8 5.5
? Expressed on a 14 per cent moisture basis.




Table K.11. Ratio of flour N to flour S at the Carman-00, Carman-01, and Brandon-01 sites.?

Treatment Site
Stubble N Appl{?d Carman-00 Carman-01 Brandon-01
(kgha™)
Flax 0 17.21 19.62 17.38
Flax 30 AN* 17.22 19.39 17.13
Flax 30 CRU** 17.02 19.45 17.29
Flax 90 AN 17.73 19.52 17.33
Flax 90 CRU 17.55 19.43 17.75
Pea 0 17.48 19.18 17.62
Pea 30 AN 17.756 19.43 17.63
Pea 30 CRU 17.61 19.27 17.64
Pea 90 AN 17.86 19.15 18.04
Pea 90 CRU 17.92 19.44 18.28
LSD (P=0.05) 0.39 ns 0.38
Stubble
Flax 17.34 19.48 17.38
Pea 17.72 19.29 17.84
LSD (P=0.05) ns ns ns
N Applied (kg ha™')
0 17.34 19.40 17.50
30 AN 17.48 19.41 17.38
30 CRU 17.31 19.36 17.46
90 AN 17.79 19.34 17.69
90 CRU 17.74 19.44 18.02
LSD (P=0.05) 0.24 ns 0.23
ANOVA df Pr>F
Stubble (S) 1 0.081 0.18 0.0524
N Applied (kg ha™) (N) 4 0.0006 0.9 <0.0001
N*S 4 0.3 0.18 0.32
Contrasts
Peavs FlaxatO N 0.17 0.0183 0.19
Pea vs Flaxat30 N 0.0003 0.57 0.0031
Pea vs Flax at 90 N 0.0785 0.15 <0.0001
AN vs CRU 0.17 0.79 0.0147
ANvs CRU-30Nvs 90 N 0.5 0.35 0.13
ONvs30N 0.6 0.89 0.43
30N vs 90 N 0.0002 0.99 <0.0001
Peavs Flax-0 Nvs 30 N 0.16 0.0812 0.37
Peavs Flax-30 Nvs 90 N 0.0689 0.51 0.24
Pea at 30 N vs Flax 90 N 0.78 0.32 0.5
PeaatONvs Flaxat30 N 0.0373 0.12 0.0155
Pea at O N vs Flax at 90 N 0.33 0.0616 0.63
C.V. (%) 1.3 1.2 1.3

* Ammonium nitrate

** Controlled-release urea
# Expressed on a 14 per cent moisture basis.
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Table K.12. Ratio of grain N to grain S at the Swift Current-00 and
Swift Current-01 sites.?
Treatment Year
Stubble '\('k/;pg'.?;’ 2000 2001
Durum 34 16.21 16.14
Durum 50 16.42 16.68
Durum 78 16.95 16.88
Pea 34 16.44 17.51
Pea 50 17.62 17.77
Pea 78 17.28 17.38
LSD (P=0.05) ns ns
Stubble
Durum 16.53 16.57
Pea 17.12 17.55
LSD (P=0.05) ns 0.70
N Applied (kg ha™")
34 16.33 16.82
50 17.02 17.22
78 17.12 17.13
LSD (P=0.05) ns ns
ANOVA df Pr>F
Stubble (S) 1 0.18 0.0097
N Applied (kg ha™) 2 0.28 0.59
N*S 2 0.6 0.54
Contrasts
Pea vs Durum at 34N 0.75 0.0292
Pea vs Durum at 50N 0.12 0.0759
Pea vs Durum at 78N 0.65 0.39
34 Nvs50N 0.2 0.33
50Nvs78N 0.86 0.81
34Nvs78N 0.15 0.46
Pea vs Durum - 34 Nvs 50 N 0.37 0.71
Pea vs Durum-50 Nvs 78 N 0.41 : 0.47
Durum at 50 N vs Pea at 34 N 0.97 0.16
Durum at 78 Nvs Peaat 50 N 0.37 0.14
Durum at 78 N vs Pea at 34 N 0.50 0.27
C.V. (%) 5.3 4.0
2 Expressed on a 14 per cent moisture basis.




Table K.13. Flour protein content (14% moisture basis) at the Carman-00, Carman-01, and

Brandon-01 sites.

Treatment Site
Stubble N Appll_:ad Carman-00 Carman-01 Brandon-01
(kg ha™)
Flax 0 12.6 16.3 135
Flax 30 AN* 13.6 16.2 13.1
Flax 30 CRU** 13.1 16.2 13.1
Flax 90 AN 15.0 16.6 14.6
Flax 90 CRU 14.8 16.6 15.3
Pea 0 14.6 16.1 135
Pea 30 AN 15.4 16.6 141
Pea 30 CRU 15.1 16.4 14.1
Pea 90 AN 15.9 16.5 16.1
Pea 90 CRU 16.2 16.8 16.0
L.SD (P=0.05) 1.0 ns 0.9
Stubble
Flax 13.8 16.4 13.9
Pea 15.4 16.5 14.8
LSD (P=0.05) 0.3 ns 0.3
N Applied (kg ha™")
0 13.6 16.2 135
30 AN 14.5 16.4 13.6
30 CRU 14.1 16.3 13.6
90 AN 15.4 16.5 15.4
90 CRU 15.5 16.7 15.6
LSD (P=0.05) 0.5 ns 0.5
ANOVA df Pr>F
Stubble (S) 1 0.0369 0.55 0.13
N Applied (kg ha™") (N) 4 <0.0001 0.1 <0.0001
N*S 4 0.15 0.61 0.0895
Contrasts
Pea vs Flaxat O N 0.0004 0.58 0.85
Pea vs Flaxat 30 N <0.0001 0.17 0.0036
Pea vs Flax at 90 N 0.0032 0.94 0.0026
AN vs CRU 0.33 0.82 0.42
ANvs CRU-30Nvs 90 N 0.22 0.38 0.43
ONvs30N 0.0058 0.38 0.67
30N vs 90 N <0.0001 0.0539 <0.0001
Peavs Flax-0Nvs 30 N 0.96 0.21 0.0421
Peavs Flax-30 Nvs 90 N 0.0257 0.35 0.9
Pea at 30 N vs Flax 90 N 0.3 0.5 0.0107
PeaatONvs Flaxat30 N 0.0048 0.71 0.25
Pea at O N vs Flax at 90 N 0.44 0.0464 0.0011
C.V. (%) 3.6 3.5

* Ammonium nitrate

** Controlled-release urea

2.4




Table K.14. Flour protein content (14% moisture basis) at the Swift
Current-00 and Swift Current-01 sites.

Treatment Year
Stubble "('kgp::_?)d 2000 2001
Durum 34 9.6 13.7
Durum ‘ 50 10.8 13.9
Durum 78 12.1 15.8
Pea 34 11.2 15.6
Pea 50 12.3 16.2
Pea ' 78 13.9 15.2
LSD (P=0.05) 1.4 1.6
Stubble
Durum 10.8 14.5
Pea 12.5 15.6
LSD (P=0.05) 0.8 0.9
N Applied (kg ha™)
34 10.4 14.6
50 11.6 15.0
78 13.0 155
LSD (P=0.05) 0.8 ns
ANOVA df Pr>F
Stubble (S) 1 0.0006 0.0182
N Applied (kg ha™) 2 0.0003 0.3
N*S 2 0.95 0.0328
Contrasts
Pea vs Durum at 34N 0.0214 0.027
Pea vs Durum at 50N 0.032 0.0093
Pea vs Durum at 78N 0.0137 04
34 Nvs50 N 0.0222 0.44
50Nvs78 N 0.0075 0.41
34Nvs78N <0.0001 0.13
Peavs Durum-34 Nvs 50 N 0.88 0.69
Pea vs Durum - 50 N vs 78 N 0.75 0.0159
Durum at 50 Nvs Pea at 34 N 0.51 0.0441
Durum at 78 N vs Pea at 50 N 0.71 0.63
Durum at 78 N vs Pea at 34 N 0.20 0.74
C.V. (%) 6.6 6.1
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8.12. APPENDIX L - ANALYSIS OF VARIANCE, LSDs, AND CONTRASTS
FOR THE EFFECTS OF PREVIOUS CROP AND FERTILIZER NITROGEN
TREATMENTS ON GENERAL END-USE QUALITY ANALYSES AT THE
CARMAN, BRANDON, AND SWIFT CURRENT EXPERIMENTAL SITES




Table L.1. Grain test weight (kg hl") at the Carman-00, Carman-01 ,.and Brandon-01 sites.
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Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kg ha”)
Flax 0 75.5 75.9 79.8
Flax 30 AN* 74.4 75.1 79.7
Flax 30 CRU* 75.1 75.1 79.5
Flax 90 AN 74.0 74.4 79.4
Flax 90 CRU 75.6 73.8 79.0
Pea 0 745 76.4 79.8
Pea 30 AN 74.6 74.8 79.6
Pea 30 CRU 74.9 74.5 79.6
Pea 90 AN 75.0 74.7 78.9
Pea 90 CRU 74.9 73.9 78.9
LSD (P=0.05) ns 1.5 ns
Stubble
Flax 74.9 74.9 795
Pea 74.8 749 79.4
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
’ 0 75.0 76.1 79.8
30 AN 745 74.9 79.6
30 CRU 75.0 74.8 79.6
90 AN 745 74.6 79.2
90 CRU 75.2 73.9 79.0
LSD (P=0.05) ns 0.9 0.5
ANOVA df Pr>F
Stubble (S) 1 0.78 0.99 0.74
N Applied (kg ha™") (N) 4 0.72 0.0012 0.0065
N*S 4 0.55 0.77 0.71
Contrasts
Peavs FlaxatO N 0.3 0.47 0.9
Pea vs Flax at 30 N 0.92 0.42 0.93
Pea vs Flax at 90 N 0.81 0.75 0.32
AN vs CRU 0.19 0.18 0.41
ANvs CRU-30Nvs90 N 0.78 0.38 0.6
ONvs30N 0.68 0.0041 0.46
30Nvs 90N 0.76 0.0599 0.0021
Peavs Flax-ONvs 30N 0.41 0.25 0.85
Pea vs Flax - 30 Nvs 90 N 0.81 0.38 0.45
Pea at 30 Nvs Flax 90 N 0.89 0.32 0.14
Pea at 0 N vs Flax at 30 N 0.71 0.0441 0.63
Peaat O N vs Flaxat 90 N 0.69 0.0013 0.0802
C.V. (%) 1.6 1.2 0.6

* Ammonium nitrate

** Controlled-release urea
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Table L.2. Grain test weight (kg hI'") at the Swift Current-00 and Swift
Current-01 sites.
Treatment Year
Stubble '\('k'gp::_?)d 2000 2001
Durum 34 nd* 79.3
Durum 50 n.d. 79.5
Durum 78 n.d. 78.8
Pea 34 n.d. 79.5
Pea 50 n.d. 79.0
Pea 78 n.d. 79.6
LSD (P=0.05) ‘ ns
Stubble
Durum n.d. 79.2
Pea n.d. 79.4
LSD (P=0.05) ns
N Applied (kg ha™")
34 n.d. 79.4
50 n.d. 79.2
78 n.d. 79.2
LSD (P=0.05) ns
ANOVA df Pr>F
Stubble (S) 1 n.d. 0.31
N Applied (kg ha™) 2 n.d. 0.66
N*S 2 n.d. 0.0245
Contrasts
Pea vs Durum at 34N n.d. 0.6
Pea vs Durum at 50N n.d. 0.13
Pea vs Durum at 78N n.d. 0.013
34 Nvs 50 N n.d. 0.55
50Nvs78 N n.d. 0.77
34 Nvs 78N nd. 0.38
Pea vs Durum - 34 N vs 50 N n.d. 0.15
Peavs Durum-50Nvs 78 N n.d. 0.0076
Durum at 50 N vs Pea at 34 N n.d. 0.92
Durum at 78 N vs Pea at 50 N n.d. 0.41
Durum at 78 Nvs Pea at 34 N n.d. 0.0353
C.V. (%) n.d. 0.5
* Data were not collected.




401

Table L.3. Thousand kernel weight (g) at the Carman-00, Carman-01, and Brandon-01 sites.?

Treatment Site
Stubble N Applied Carman-00  Carman-01  Brandon-01
(kg ha™)
Flax 0 315 31.7 33.1
Flax 30 AN* 314 30.3 33.3
Flax 30 CRU** 30.9 30.9 33.1
Flax 90 AN 30.1 29.6 34.6
Flax 90 CRU 30.8 30.4 35.6
Pea 0 30.6 324 34.2
Pea 30 AN 30.5 30.5 35.5
Pea 30 CRU 30.5 29.3 34.7
Pea 90 AN 30.8 311 36.5
Pea 90 CRU 30.5 30.0 37.2
LSD (P=0.05) ns 1.6 1.5
Stubble
Flax 31.0 30.6 33.9
Pea 30.6 30.7 35.6
LSD (P=0.05) ns ns ns
N Applied (kg ha™")
0 31.1 32.1 33.6
30 AN 31.0 30.4 34.4
30 CRU 30.7 30.1 33.9
90 AN 30.5 30.4 35.5
90 CRU 30.7 30.2 36.4
LSD (P=0.05) ns 1.1 0.7
ANOVA df Pr>F
Stubble (S) 1 0.43 0.9 0.11
N Applied (kg ha™") (N) 4 0.93 0.0049 <0.0001
N*S 4 0.84 0.0681 0.62
Contrasts
Peavs FlaxatON 0.39 0.35 0.13
Peavs Flaxat 30 N 0.39 0.22 0.0007
Pea vs Flax at 90 N 0.86 0.39 0.0019
AN vs CRU 0.95 0.61 0.4
ANvs CRU-30Nvs 90 N 0.69 0.88 0.0138
ONvs30N 0.69 0.0005 0.0861
30Nvs 90 N 0.64 0.91 <0.0001
PeavsFlax-ONvs 30 N 0.84 0.12 0.18
Peavs Flax-30 Nvs 90 N 047 0.12 0.7
Pea at 30 Nvs Flax 90 N 1 0.79 0.94
Pea at 0 Nvs Flax at 30 N 0.57 0.0105 0.12
Pea at O Nvs Flaxat 90 N 0.89 0.0014 0.16
C.V. (%) 4.9 3.4 2.0

* Ammonium nitrate

** Controlled-release urea
 Expressed on a 13.5 per cent moisture basis.
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Table L.4. Thousand kernel weight (g) at the Swift Current-00 and Swift
Current-01 sites.”
Treatment Year
Stubble '\('kgp:;'_?;' 2000 2001
Durum 34 31.2 29.7
Durum 50 314 29.9
Durum 78 33.1 30.2
Pea 34 31.7 32.3
Pea 50 324 31.0
Pea 78 28.7 315
LSD (P=0.05) ns 1.2
Stubble
Durum 31.9 29.9
Pea 309 31.6
LSD (P=0.05) ns 0.7
N Applied (kg ha™")
34 315 31.0
50 31.9 30.4
78 30.9 30.8
LSD (P=0.05) ns ns
ANOVA df Pr>F
Stubble (S) 1 0.62 0.0003
N Applied (kg ha™) 2 0.92 0.38
N*S 2 0.51 0.15
Contrasts
Pea vs Durum at 34N 0.91 0.0005
Pea vs Durum at 50N 0.78 0.0868
Pea vs Durum at 78N 0.23 0.038
34 Nvs50N 0.85 0.19
50Nvs78 N 0.7 0.34
34 Nvs78N 0.83 0.69
Pea vs Durum - 34 Nvs 50 N 0.91 0.0713
Pea vs Durum-50Nvs 78 N 0.29 0.75
Durum at 50 N vs Pea at 34 N 0.95 0.0011
Durum at 78 Nvs Pea at 50 N 0.84 0.19
Durum at 78 Nvs Pea at 34 N 0.68 0.0026
C.V. (%) 13.7 2.3
2 Expressed on a 13.5 per cent moisture basis.
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Table L.5. SDS sedimentation value (ml) at the Carman-00, Carman-01, and Brandon-01

sites.
Treatment Site
Stubble N Apph_?d Carman-00 Carman-01 Brandon-01
(kgha™)
Flax 0 63.3 69.1 62.9
Flax 30 AN* 65.3 68.4 61.4
Flax 30 CRU* 63.9 68.3 63.0
Flax 90 AN 69.5 69.2 66.4
Flax 90 CRU 69.0 69.1 66.4
Pea 0 69.4 68.5 62.7
Pea 30 AN 70.3 69.5 64.6
Pea 30 CRU 69.5 69.8 63.9
Pea 90 AN 73.8 69.0 65.4
Pea 90 CRU 72.4 69.3 66.3
LSD (P=0.05) 2.6 ns 2.3
Stubble
Flax 66.2 68.8 64.0
Pea 711 69.2 64.6
LSD (P=0.05) 1.1 0.9 ns
N Applied (kg ha™)
0 66.3 68.8 62.8
30 AN 67.8 68.9 63.0
30 CRU 66.7 69.0 63.5
90 AN 71.6 69.1 65.9
90 CRU 70.7 69.2 66.3
LSD (P=0.05) 1.7 ns 1.4
ANOVA df Pr>F
Stubble (S) 1 0.0092 0.75 0.58
N Applied (kg ha™) (N) 4 <0.0001 0.98 <0.0001
N*S 4 . 0.5 0.48 0.045
Contrasts
Peavs FlaxatON <0.0001 0.61 0.88
Pea vs Flaxat 30 N <0.0001 0.14 0.0153
Peavs Flaxat 90 N 0.0002 0.97 0.45
AN vs CRU 0.1 0.88 0.38
ANvs CRU-30Nvs90 N 0.92 0.98 0.99
ONvs30N 0.22 0.79 0.43
30N vs 90 N <0.0001 0.71 <0.0001
Peavs Flax-0 Nvs 30 N 0.58 0.11 0.0729
Pea vs Flax- 30 Nvs 90 N 0.22 0.17 0.0114
Pea at 30 N vs Flax 90 N 0.49 0.59 0.0109
PeaatONvs Flaxat 30 N 0.0002 0.86 0.64
Pea at O N vs Flax at 90 N 0.91 0.53 0.0006
C.V. (%) 2.4 1.9 2.1
* Ammonium nitrate
** Controlled-release urea




Table L.6. Per cent fusarium-damaged kernels at the Carman-00, Carman-01, and Brandon-01

sites.?
Treatment Site
Stubble N Apph_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
Flax 0 1.38 0.33 0.75
Flax 30 AN* 1.15 0.66 1.00
Flax 30 CRU* 1.23 0.45 0.80
Flax 90 AN 1.13 0.80 1.38
Flax 90 CRU 1.35 0.69 1.48
Pea 0 1.03 0.42 0.98
Pea 30 AN 1.38 0.50 1.18
Pea 30 CRU 1.28 0.71 1.58
Pea 90 AN 0.80 0.54 1.40
Pea 90 CRU 1.58 0.81 1.256
LSD (P=0.05) ns ns 0.51
Stubble
Flax 1.25 0.59 1.08
Pea 1.21 0.60 1.28
LSD (P=0.05) ns ns ns
N Applied (kg ha™")
0 1.20 0.38 0.86
30 AN 1.26 0.58 1.09
30 CRU 1.25 0.58 1.19
90 AN 0.96 0.67 1.39
90 CRU 1.46 0.75 1.36
LSD (P=0.05) ns ns 0.36
ANQVA df Pr>F
Stubble (S) 1 0.79 0.96 0.19
N Applied (kg ha™") (N) 4 0.17 0.0514 0.0364
N*S 4 0.37 0.27 0.1
Contrasts
Peavs FlaxatON 0.21 0.66 0.37
Peavs Flaxat 30 N 0.47 0.76 0.0117
Pea vs Flax at 90 N 0.8 0.61 0.57
AN vs CRU 0.0835 0.56 0.76
ANvs CRU-30Nvs 90 N 0.0697 0.67 0.62
ONvs30N 0.74 0.0723 0.0813
30N vs 90 N 0.75 0.12 0.0662
PeavsFlax-ONvs30 N 0.15 0.86 0.42
Pea vs Flax - 30 N vs 90 N 0.37 0.56 0.0286
Pea at 30 N vs Flax 90 N 0.65 0.22 0.78
Peaat0ONvs Flaxat 30 N 0.49 0.36 0.73
Pea at 0 N vs Flaxat 90 N 0.37 0.0367 0.0459
C.V. (%) 31.1 39.8 29.6

* Ammonium nitrate

** Controlled-release urea
® Based on Canadian Grain Commission grading standards.
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Table L.7. Grain deoxynivalenol content (parts per million) at the Carman-00, Carman-01, and
Brandon-01 sites.?

Treatment Site
Stubble N Ap pl:.?d Carman-00 Carman-01 Brandon-01
(kgha’)
Flax 0 1.20 0.78 1.78
Flax 30 AN* 1.04 0.70 1.95
Flax 30 CRU** 0.98 0.55 2.40
Flax 90 AN 0.93 0.71 2.30
Flax 90 CRU 1.10 0.85 2.83
Pea 0 0.78 0.63 1.95
Pea 30 AN 0.86 1.10 2.30
Pea 30 CRU 0.80 0.90 2.45
Pea 90 AN 0.90 0.94 2.45
Pea 90 CRU 0.93 1.08 2.06
LSD (P=0.05) ns 0.36 ns
Stubble
Flax 1.05 0.72 2.25
Pea 0.85 0.93 2.24
LSD (P=0.05) ns ns ns
N Applied (kg ha™")
0 0.99 0.70 1.86
30 AN 0.95 0.90 2.13
30 CRU 0.89 0.73 2.43
90 AN 0.91 0.83 2.38
90 CRU 1.01 0.96 2.44
LSD (P=0.05) ns ns - 0.38
ANOVA df Pr>F
Stubble (S) 1 0.0772 0.19 0.99
N Applied (kg ha™") (N) 4 0.77 0.11 0.0168
N*S 4 0.5 0.14 0.052
Contrasts
Peavs FlaxatO N 0.0113 0.39 0.66
Pea vs Flax at 30 N 0.12 0.0049 0.48
Pea vs Flax at 90 N 0.37 0.0771 0.29
AN vs CRU 0.87 0.75 0.16
ANvs CRU -30 Nvs 90 N 0.27 0.0649 0.4
ONvs30N 0.52 0.25 0.016
30Nvs 90 N 0.63 0.27 0.3
PeavsFlax-ONvs 30 N 0.2 0.0108 0.94
Peavs Flax-30 Nvs 90 N 0.63 0.34 0.0662
Peaat30NvsFlax90 N 0.12 0.094 0.5
Peaat O N vs Flax at 30 N 0.0906 1 0.51
Pea at O N vs Flax at 90 N 0.0906 0.29 0.0818
C.V. (%) 23.0 26.6 16.3

* Ammonium nitrate

** Controlled-release urea
?Based on the method of Sinha and Savard (1996).




Table L.8. Flour deoxynivalenol content (parts per million) at the Carman-00, Carman-01, and

Brandon-01 sites.?

Treatment Site
Stubble N App"_?d Carman-00 Carman-01 Brandon-01
(kgha™)
Flax 0 0.40 0.25 0.73
Flax 30 AN* 0.33 0.28 0.91
Flax 30 CRU** 0.38 0.35 0.85
Flax 90 AN 0.40 0.30 1.00
Flax 90 CRU 0.36 0.30 1.08
Pea 0 0.30 0.28 0.95
Pea 30 AN 0.39 0.33 1.05
Pea 30 CRU 0.35 0.38 1.05
Pea 90 AN 0.33 0.38 1.00
Pea 90 CRU 0.38 0.40 1.00
LSD (P=0.05) ns ns 0.16
Stubble
Flax 0.37 0.30 0.91
Pea 0.35 0.35 1.01
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
0 0.35 0.26 0.84
30 AN 0.36 0.30 0.98
30 CRU 0.36 0.36 0.95
90 AN 0.36 0.34 1.00
90 CRU 0.37 0.35 1.04
LSD (P=0.05) ns ns 0.10
ANOVA df Pr>F
Stubble (S) 1 0.19 0.12 0.21
N Applied (kg ha™") (N) 4 0.92 0.15 0.006
N*S 4 0.0215 0.88 0.0258
Contrasts
Peavs FlaxatON 0.0102 0.68 0.0089
Pea vs Flax at 30 N 0.34 0.38 0.0077
Peavs Flax at 90 N 0.15 0.0459 0.51
AN vs CRU 0.74 0.22 1
ANvs CRU-30Nvs 90N 0.74 0.41 0.3
ONvs30N 0.58 0.0714 0.0057
30N vs 90 N 0.74 0.68 0.17
Peavs Flax-0 Nvs 30 N 0.01 0.87 0.48
Peavs Flax-30Nvs 90 N 0.1 0.41 0.0092
Pea at 30 N vs Flax 90 N 0.63 0.24 0.83
PeaatONvs Flaxat30 N 0.12 0.47 0.37
PeaatONvs Flaxat 90 N 0.0095 0.63 0.22
C.V. (%) 14.2 26.1 10.4

* Ammonium nitrate

** Controlled-release urea
? Based on the method of Sinha and Savard (1996).




Table L.9. Particle size index (%) at the Carman-00, Cafman-01, and Brandon-01 sites.?

Treatment Site
Stubble N Appll.(:,d Carman-00 Carman-01 Brandon-01
(kg ha™)
Flax 0 55.8 53.8 54.9
Flax 30 AN* 54.1 53.0 54.5
Flax 30 CRU** 54.5 53.9 55.0
Flax 90 AN 55.4 55.2 53.5
Flax 90 CRU 55.5 54.5 54.7
Pea 0 53.2 53.6 53.8
Pea 30 AN 54.6 53.3 55.2
Pea 30 CRU 54.2 53.5 54.9
Pea 90 AN 55.4 54.2 53.8
Pea 90 CRU 55.4 54.4 54.4
LSD (P=0.05) 15 ns ns
Stubble
Flax 55.0 54.1 545
Pea 54.6 53.8 54.4
LSD (P=0.05) ns ns ns
N Applied (kg ha™")
0 54.5 53.7 544
30 AN 54.4 53.2 54.9
30 CRU 54.3 53.7 54.9
90 AN 55.4 54.7 53.6
80 CRU 55.5 545 54.5
LSD (P=0.05) ns ns ns
ANOVA df PrsF
Stubble (S) 1 0.31 0.24 0.94
N Applied (kg ha™") (N) 4 0.0522 0.51 0.21
N*S 4 0.043 0.97 0.61
Contrasts
Pea vs FlaxatO N 0.0015 0.86 0.28
Pea vs Flax at 30 N 0.86 0.98 0.64
Pea vs Flax at 90 N 0.98 0.53 0.91
AN vs CRU 1 0.84 0.24
ANvs CRU-30Nvs90 N 0.91 0.6 0.34
ONvs30N 0.74 0.71 0.29
30Nvs 90N 0.0044 0.1 0.0629
Peavs Flax- 0N vs 30 N 0.0051 0.91 0.19
Peavs Flax- 30 Nvs 90 N 0.89 0.69 0.78
Pea at 30 N vs Flax 90 N 0.0473 0.12 0.15
Pea at 0 Nvs Flax at 30 N 0.0937 0.87 0.27
Pea at 0 N vs Flax at 90 N 0.0013 0.27 0.78
C.V. (%) 1.8 3.6 2.1

* Ammonium nitrate

** Controlled-release urea
2 Determined on ground grain.




Table L.10. Particle size index (%) at the Swift Current-00 and
Swift Current-01 sites.”

Treatment Year
Stubble "('k';p::f;' 2000 2001
Durum 34 nd.* 53.7
Durum 50 nd. 545
Durum 78 n.d. 55.1
Pea 34 n.d. 55.2
Pea 50 n.d. 53.8
Pea 78 n.d. 54.4
LSD (P=0.05) ns
Stubble
Durum n.d. 544
Pea n.d. 54.5
LSD (P=0.05) ns
N Applied (kg ha™)
34 n.d. 54.4
50 n.d. 541
78 n.d. 54.8
LSD (P=0.05) ns
ANOVA df Pr>F
Stubble (S) 1 n.d. 0.91
N Applied (kg ha™) 2 n.d. 0.69
N*S 2 n.d. 0.26
Contrasts
Pea vs Durum at 34N n.d. 0.17
Pea vs Durum at 50N n.d. 0.53
Pea vs Durum at 78N n.d. 0.53
34Nvs50N n.d. 0.69
S50Nvs78N n.d. 0.41
34 Nvs78 N n.d. 0.66
Pea vs Durum -34 Nvs 50 N n.d. 0.16
Pea vs Durum -50 Nvs 78 N n.d. 1
Durum at 50 N vs Pea at 34 N n.d. 0.49
Durum at 78 N vs Pea at 50 N n.d. 0.23
Durum at 78 N vs Pea at 34 N n.d. 0.92
C.V. (%) n.d. 2.3

* Data were not collected.
@ Determined on ground grain.




Table L.11. Flour yield (%) at the Carman-00, Carman-01, and Brandon-01 sites.

409

Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
Flax 0 75.1 73.0 74.3
Flax 30 AN* 74.7 72.8 74.2
Flax 30 CRU* 74.9 73.3 74.2
Flax 90 AN 74.1 73.4 74.3
Flax 90 CRU 74.2 72.7 74.4
Pea 0 74.8 731 74.4
Pea 30 AN 74.1 72.8 74.5
Pea 30 CRU 741 725 74.4
Pea 90 AN 735 72.9 74.3
Pea 90 CRU 74.2 72.8 74.5
LSD (P=0.05) ns ns ns
Stubble
Flax 74.6 73.0 74.3
Pea 74.1 72.8 74.4
LSD (P=0.05) 0.4 ns ns
N Applied (kg ha™)
0 74.9 73.1 74.3
30 AN 74.4 72.8 74.3
30 CRU 745 72.9 74.3
90 AN 73.8 73.1 74.3
90 CRU 74.2 72.7 74.4
LSD (P=0.05) 0.7 ns ns
ANOVA df Pr>F
Stubble (S) 1 0.0218 0.49 0.31
N Applied (kg ha'®) (N) 4 0.0341 0.8 0.85
N*S 4 0.85 0.58 0.92
Contrasts
Peavs FlaxatON 0.54 0.81 0.91
Pea vs Flax at 30 N 0.0476 0.27 0.22
Pea vs Flaxat 90 N 0.33 0.63 0.76
AN vs CRU 0.33 0.54 0.52
ANvs CRU-30Nvs 90N 0.58 0.39 0.39
ONvs30N 0.0907 0.48 0.79
30Nvs 90 N 0.0749 0.75 0.75
Peavs Flax-ONvs 30 N 0.51 0.39 0.54
Pea vs Flax- 30 Nvs 90 N 047 0.64 0.52
Pea at 30 N vs Flax 90 N 0.87 0.31 0.59
Pea at 0 Nvs Flaxat 30 N 0.92 0.87 0.45
Pea at O N vs Flax at 90 N - 0.11 0.8 0.85
C.V. (%) 0.9 1.0 0.4

* Ammonium nitrate

** Controlled-release urea




Table L.12. Flour yield (%) at the Swift Current-00 and Swift Current-01 sites.

Treatment Year
Stubble "('k';p::_?)d 2000 2001
Durum 34 75.9 74.8
Durum 50 76.1 75.0
Durum 78 76.7 74.8
Pea 34 77.3 75.3
Pea 50 771 75.0
Pea 78 76.8 74.9
LSD (P=0.05) 0.8 ns
Stubble
Durum 76.3 74.9
Pea 77.0 75.1
LSD (P=0.05) 0.5 ns
N Applied (kg ha™)
34 76.6 75.1
50 76.6 75.0
78 76.8 74.9
LSD (P=0.05) ns ns
ANOVA df Pr>F
Stubble (S) 1 0.0041 0.49
N Applied (kg ha™) 2 0.76 0.74
N*S 2 0.1 0.64
Contrasts
Pea vs Durum at 34N 0.0048 0.81
Pea vs Durum at 50N 0.0278 0.27
Pea vs Durum at 78N 0.87 0.87
34 Nvs50N 0.95 0.82
S50Nvs78 N 0.51 0.61
34Nvs78N 0.55 0.46
Pea vs Durum - 34 N vs 50 N 0.51 0.37
Pea vs Durum - 50 Nvs 78 N 0.13 0.77
Durum at 50 N vs Pea at 34 N 0.0107 0.52
Durum at 78 N vs Pea at 50 N 0.41 0.69
Durum at 78 Nvs Pea at 34 N 0.19 0.24
C.V. (%) 0.6 0.7
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8.13. APPENDIX M - ANALYSIS OF VARIANCE, LSDs, AND CONTRASTS
FOR THE EFFECTS OF PREVIOUS CROP AND FERTILIZER NITROGEN
TREATMENTS ON MIXOGRAPH ANALYSES AT THE CARMAN, BRANDON,
AND SWIFT CURRENT EXPERIMENTAL SITES




Table M.1. Mixograph dough development time (min) at the Carman-00, Carman-01, and

Brandon-01 sites.

Treatment Site
Stubble N Apph_?d Carman-00 Carman-01 Brandon-01
(kgha")
Flax 0 3.99 3.67 3.71
Flax 30 AN* 3.81 3.64 3.65
Flax 30 CRU* 3.89 3.42 3.65
Flax 90 AN 3.46 3.42 2.80
Flax 90 CRU 3.36 3.56 3.03
Pea 0 3.21 3.42 3.46
Pea 30 AN 3.11 3.52 3.12
Pea 30 CRU 3.09 3.36 2.96
Pea 90 AN 3.10 3.32 2.90
Pea 90 CRU 3.06 3.41 2.86
LSD (P=0.05) 0.35 ns 0.30
Stubble
Flax 3.70 3.54 3.37
Pea 3.12 3.41 3.06
LSD (P=0.05) 0.13 ns 0.13
N Applied (kg ha™")
0 3.60 3.55 3.59
30 AN 3.46 3.58 3.38
30 CRU 3.49 3.39 3.31
90 AN 3.28 3.37 2.85
90 CRU 3.21 3.48 2.94
LSD (P=0.05) 0.20 ns 0.20
ANOVA . df Pr>F
Stubble (S) 1 0.0285 0.21 0.0298
N Applied (kg ha™") (N) 4 0.0038 0.25 <0.0001
N*S 4 0.0428 0.94 0.005
Contrasts
Pea vs Flaxat O N 0.0001 0.15 0.0921
Peavs Flax at 30 N <0.0001 0.45 <0.0001
Pea vs Flax at 90 N 0.0113 0.29 0.72
AN vs CRU 0.77 0.62 0.9
ANvs CRU-30Nvs90 N 0.5 0.0626 0.24
ONvs30N 0.16 0.53 0.0092
30N vs 90 N 0.0032 0.45 <0.0001
Peavs Flax-ONvs 30 N 0.86 0.43 0.0463
PeavsFlax-30 Nvs 90 N 0.0063 0.82 0.0004
Pea at 30 N vs Flax 90 N 0.0166 0.7 0.23
Pea at 0 N vs Flax at 30 N 0.0002 0.47 0.14
Pea at 0 N vs Flaxat 90 N 0.19 0.67 0.0002
C.V. (%) 5.8 6.5 6.2

* Ammonium nitrate

** Controlled-release urea




Table M.2. Mixograph dough development time (min) at the Swift
Current-00 and Swift Current-01 sites.

Treatment Year
Stubble "('k'gp::.?)d 2000 2001
Durum 34 5.50 3.1
Durum 50 4.39 3.03
Durum 78 3.68 2.57
Pea 34 3.55 2.57
Pea 50 3.53 2.57
Pea 78 3.37 2.72
LSD (P=0.05) 0.59 ns
Stubble
Durum 4.52 2.90
Pea 3.49 2.62
LSD (P=0.05) 0.34 0.26
N Applied (kg ha™")
34 4.53 2.84
50 3.96 2.80
78 3.52 2.64
LSD (P=0.05) 0.42 ns
ANOVA df Pr>F
Stubble (S) 1 <0.0001 0.0362
N Applied (kg ha™") 2 0.0009 0.4
N'S 2 0.0037 0.075
Contrasts
Pea vs Durum at 34N <0.0001 0.0235
Pea vs Durum at 50N 0.0082 0.0487
Pea vs Durum at 78N 0.28 0.49
34 Nvs50 N 0.0129 0.82
50Nvs78 N 0.0431 0.3
34Nvs78N 0.0002 0.21
Pea vs Durum -34 Nvs 50 N 0.0161 0.78
Pea vs Durum - 50 Nvs 78 N 0.18 0.063
Durum at 50 Nvs Pea at 34 N 0.0096 0.046
Durum at 78 N vs Pea at 50 N 0.59 0.99
Durum at 78 N vs Pea at 34 N 0.65 0.99
C.V. (%) 8.4 9.2
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Table M.3. Mixograph peak dough resistance (% torque) at the Carman-00, Carman-01, and

Brandon-01 sites.
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Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
Flax 0 48.6 57.1 50.0
Flax 30 AN* 525 57.3 48.7
Flax 30 CRU** 49.5 57.9 484
Flax 90 AN 55.7 59.1 55.1
Flax 90 CRU 54.5 58.4 55.1
Pea 0 56.0 58.8 49.3
Pea 30 AN 57.7 60.2 52.3
Pea 30 CRU 58.1 59.3 52.3
Pea 90 AN 58.6 58.4 575
Pea 90 CRU 60.6 59.9 57.4
LSD (P=0.05) 3.7 ns 2.9
Stubble
Flax 52.1 58.0 51.4
Pea 58.2 59.3 53.8
LSD (P=0.05) 1.2 . ns ns
N Applied (kg ha™")
0 52.3 57.9 49.7
30 AN 55.1 58.7 50.5
30 CRU 53.8 58.6 50.4
90 AN 57.1 58.7 56.3
90 CRU 57.5 59.2 56.2
LSD (P=0.05) 1.9 ns 1.8
ANOVA df Pr>F
Stubble (S) 1 0.0447 0.0888 0.12
N Applied (kg ha™) (N) 4 <0.0001 0.67 <0.0001
N*S 4 0.0499 0.31 0.1
Contrasts
Peavs FlaxatO N 0.0004 0.15 0.66
Peavs Flax at 30 N <0.0001 0.0149 0.0008
Pea vs Flax at 90 N 0.0017 0.65 0.025
AN vs CRU 0.48 0.8 0.83
ANvs CRU-30Nvs 90N 0.2 0.61 0.93
ONvs30N 0.0119 0.34 0.31
30N vs 90 N 0.0002 0.59 <0.0001
Peavs Flax-ONvs 30N 0.76 0.77 0.0069
Peavs Flax-30 Nvs 90 N 0.073 0.14 0.26
Pea at 30 Nvs Flax 90 N 0.039 0.26 0.0113
Pea at O N vs Flaxat 30 N 0.0038 0.23 0.52
Peaat O Nvs Flaxat90 N 0.58 0.97 <0.0001
C.V. (%) 3.3 2.8 3.3

* Ammonium nitrate

** Controlled-release urea
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Table M.4. Mixograph peak dough resistance (% torque) at the Swift
Current-00 and Swift Current-01 sites.

Treatment Year
Stubble '\('k'gp}:’a".?)d 2000 2001
Durum 34 35.2 50.8
Durum 50 41.8 52.1
Durum 78 48.3 55.8
Pea 34 45.8 54.8
Pea 50 49.1 55.4
Pea 78 53.6 52.6
LSD (P=0.05) 5.2 3.5
Stubble
Durum 41.8 52.9
Pea 49.5 54.3
LSD (P=0.05) 3.0 ns
N Applied (kg ha™)
34 40.5 52.8
50 45.5 53.7
78 50.9 54.2
LSD (P=0.05) 3.7 ns
ANOVA df Pr>F
Stubble (S) 1 0.0001 0.17
N Applied (kg ha™") 2 0.0002 0.47
N*S 2 0.3 0.0146
Contrasts
Pea vs Durum at 34N 0.33 0.0286
Pea vs Durum at 50N 0.57 0.064
Pea vs Durum at 78N 0.12 0.0676
34 Nvs 50N - 0.0121 0.44
50Nvs 78 N 0.0067 0.66
34 Nvs78 N <0.0001 0.23
Pea vs Durum - 34 N vs 50 N 0.33 0.76
Pea vs Durum - 50 Nvs 78 N 0.57 0.0143
Durum at 50 N vs Pea at 34 N 0.12 0.12
Durum at 78 Nvs Pea at 50 N 0.76 0.77
Durum at 78 Nvs Pea at 34 N 0.32 0.53

C.V. (%) 6.4 3.7
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Table M.5. Mixograph work input to peak (% torque*min) at the Carman-00, Carman-01, and
Brandon-01 sites.
Treatment Site
Stubble N Ap ph_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
Flax 0 142.4 150.8 140.0
Flax 30 AN~ 146.2 154.5 134.6
Flax 30 CRU* 143.8 145.1 134.9
Flax 90 AN 140.4 149.3 115.5
Flax 90 CRU 134.0 152.0 123.4
Pea 0 1311 145.3 129.5
Pea 30 AN 131.6 153.8 120.2
Pea 30 CRU 131.0 144.2 117.0
Pea 90 AN 132.9 142.0 121.9
Pea 90 CRU 135.2 148.9 118.0
LSD (P=0.05) ns ns 9.2
Stubble
Flax 141.4 150.3 129.7
Pea 1324 146.8 121.3
LSD (P=0.05) ns ns 4.3
N Applied (kg ha™)
0 136.8 148.0 134.8
30 AN 138.9 154.1 127.4
30 CRU 1374 144.6 126.0
90 AN 136.7 145.6 118.7
90 CRU 134.6 150.5 120.7
LSD (P=0.05) ns ns 6.8
ANOVA df Pr>F
Stubble (S) 1 0.0843 0.11 0.0016
N Applied (kg ha™') (N) 4 0.87 0.21 0.0005
N*S : 4 0.3 0.92 0.0102
Contrasts
% Peavs FlaxatO N 0.0649 0.35 0.0273
i Peavs Flaxat30 N 0.0027 0.84 <0.0001
. Peavs Flaxat 90 N 0.46 0.22 0.87
% AN vs CRU 0.53 0.44 0.89
: ANvs CRU-30Nvs90 N 0.93 0.0271 0.46
§ ONvs 30N 0.69 0.72 0.0086
§ 30N vs 90 N 0.37 0.67 0.006
| Peavs Flax-ONvs 30N 0.72 0.53 0.33
§ Peavs Flax-30 Nvs 90 N 0.0683 0.48 0.0014
. Pea at 30 N vs Flax 90 N 0.17 0.68 0.79
§ PeaatON vs Flaxat 30 N 0.0108 0.38 0.19
PeaatONvsFlaxat90 N 0.24 0.3 0.0155
C.V. (%) 5.7 5.8 5.2

* Ammonium nitrate

** Controlled-release urea
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Table M.6. Mixograph work inut to peak (% torque*min) at the Swift
Current-00 and Swift Current-01 sites.

Treatment Year
Stubble '\('k';’r:’a".?)d 2000 2001
Durum 34 154.9 118.7
Durum 50 145.4 116.4
Durum 78 133.6 108.2
Pea 34 124.7 104.1
Pea 50 127.1 104.8
Pea 78 133.4 106.6
LSD (P=0.05) 13.2 ns
Stubble
Durum 144.7 114.4
Pea 128.4 105.2
L.SD (P=0.05) 7.6 ns
N Applied (kg ha™)
34 139.8 111.4
50 136.3 110.6
78 1335 107.4
LSD (P=0.05) ns ns
ANOVA df Pr>F
Stubble (S) 1 0.0005 0.0676
N Applied (kg ha™) 2 0.37 0.76
N*S 2 0.0136 0.5
Contrasts
Pea vs Durum at 34N 0.0003 0.0919
Pea vs Durum at 50N 0.0103 0.17
Pea vs Durum at 78N 0.94 0.85
34Nvs50N 0.43 0.89
50Nvs78 N 0.53 0.58
34Nvs78N 017 0.49
Pea vs Durum - 34 Nvs 50 N 0.19 0.8
Pea vs Durum-50Nvs 78 N 0.0549 0.39
Durum at 50 Nvs Peaat 34 N 0.0048 0.15
Durum at 78 Nvs Pea at 50 N 03 0.68
Durumat78 Nvs Peaat 34 N 0.16 0.62
C.V. (%) 5.4 8.9




Table M.7. Mixograph peak band width (% torque) at the Carman-00, Carman-01, and

Brandon-01 sites.

Treatment Site
Stubble N Apph_?d Carman-00 Carman-01 Brandon-01
(kgha™)
Flax 0 32.6 36.8 33.8
Flax 30 AN* 33.1 37.2 34.0
Flax 30 CRU** 322 35.2 32.7
Flax 90 AN 34.8 35.4 34.2
Flax 90 CRU 35.1 35.3 32.0
Pea 0 34.1 34.3 33.0
Pea 30 AN 344 35.9 33.5
Pea 30 CRU 35.3 36.9 34.2
Pea 90 AN 35.1 36.1 31.2
Pea 90 CRU 33.0 36.6 315
LSD (P=0.05) ns ns ns
Stubble
Flax 33.6 36.0 334
Pea 34.4 36.0 32.7
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
0 334 35.5 33.4
30 AN 33.8 36.5 33.8
30 CRU 337 36.1 334
90 AN 35.0 35.8 32.7
90 CRU 34.0 36.0 31.7
LSD (P=0.05) ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.0756 1 0.33
N Applied (kg ha™) (N) 4 0.53 0.61 0.29
N*S 4 0.12 0.0108 0.29
Contrasts
Peavs FlaxatO N 0.26 0.0205 0.56
Pea vs Flaxat 30 N 0.0237 0.75 0.58
Peavs Flaxat 90 N 0.33 0.17 0.0805
AN vs CRU 0.47 0.77 0.35
ANvs CRU-30Nvs90N 0.53 0.45 0.64
ONvs30N 0.67 0.18 0.86
30Nvs 90 N 0.27 0.36 0.0659
Peavs Flax-ONvs 30 N 0.68 0.0227 0.44
Peavs Flax-30 Nvs 90 N 0.031 0.4 0.1
Pea at 30 N vs Flax 90 N 0.89 0.15 0.46
PeaatONvs Flaxat 30 N 0.19 0.0391 0.81
PeaatONvs Flaxat 90 N 0.47 0.23 0.93
C.V. (%) 5.6 3.5 6.0

* Ammonium nitrate

** Controlled-release urea




Table M.8. Mixograph peak band width (% torque) at the Swift Current-00
and Swift Current-01 sites.

Treatment Year
Stubble '\('k';p::_?)d 2000 2001
Durum 34 20.7 25.7
Durum 50 24.6 25.6
Durum 78 28.5 26.5
Pea 34 25.5 24.6
Pea 50 26.7 25.6
Pea 78 304 24.6
LSD (P=0.05) 2.9 ns
Stubble ‘
Durum 24.6 259
Pea 27.6 25.0
LSD (P=0.05) 1.7 ns
N Applied (kg ha™)
34 23.1 25.1
50 25.7 25.6
78 29.4 25.6
LSD (P=0.05) 2.0 ns
ANOVA df Pr>F
Stubble (S) 1 0.0018 0.19
N Applied (kg ha™) 2 <0.0001 0.83
N*S 2 0.26 0.55
Contrasts
Pea vs Durum at 34N 0.003 0.38
Pea vs Durum at 50N 0.12 0.98
Pea vs Durum at 78N 0.15 0.15
34 Nvs50N 0.0171 0.59
50Nvs78 N 0.0016 0.95
34 Nvs78N <0.0001 0.63
Peavs Durum - 34 Nvs 50 N 0.18 0.52
Peavs Durum-50Nvs 78 N 0.92 0.29
Durum at 50 N vs Pea at 34 N 0.48 0.42
Durum at 78 Nvs Pea at 50 N 0.23 0.49
Durum at 78 N vs Pea at 34 N 0.0473 0.14
C.V. (%) 6.2 5.7
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Brandon-01 sites.?

Table M.8. Mixograph dough breakdown resistance at the Carman-00, Carman-01, and

Treatment Site
Stubble N Ap ph'?d Carman-00 Carman-01 Brandon-01
(kg ha™)
Flax 0 5.3 54 5.0
Flax 30 AN* 5.6 4.8 4.7
Flax 30 CRU** 5.1 5.4 4.3
Flax 90 AN 5.7 5.4 5.0
Flax 90 CRU 5.6 5.5 6.8
Pea 0 6.3 5.8 5.0
Pea 30 AN 6.2 5.2 5.1
Pea 30 CRU 6.3 4.8 5.1
Pea 90 AN 6.4 4.9 7.5
Pea 90 CRU 7.5 51 7.8
LSD (P=0.05) ns ns 1.4
Stubble
Flax 55 5.3 5.2
Pea 6.6 52 6.1
LSD (P=0.05) ns ns ns
N Applied (kg ha’)
0 5.8 5.6 5.0
30 AN 59 5.0 4.9
30 CRU 5.7 5.1 4.7
90 AN 6.1 5.1 6.3
90 CRU 6.5 5.3 7.3
LSD (P=0.05) ns ns 0.9
ANOVA df Pr>F
Stubble (S) 1 0.0783 0.78 0.15
N Applied (kg ha™") (N) 4 0.44 0.39 <0.0001
N*S 4 0.63 0.45 0.0856
Contrasts
Peavs FlaxatON 0.13 043 0.97
Pea vs Flax at 30 N 0.0629 0.84 0.23
Peavs Flaxat 90 N 0.0091 0.25 0.0013
AN vs CRU 0.69 0.47 0.21
ANvs CRU-30Nvs 90 N 0.32 0.91 0.0485
ONvs30N 0.98 0.066 0.56
30N vs 90 N 0.14 0.42 <0.0001
PeavsFlax-ONvs 30N 0.87 0.43 0.46
Peavs Flax-30Nvs 90 N 0.52 0.48 0.0718
Pea at 30 N vs Flax 90 N 0.18 0.23 0.1
PeaatO Nvs Flaxat 30 N 0.1 0.1 0.38
Pea at O N vs Flax at 90 N 0.23 0.41 0.14
C.V. (%) 1.0 0.7 0.9

* Ammonium nitrate
** Controlled-release urea

divided by peak dough resistance (%))*100.

® Breakdown resistance is calculated as (peak dough resistance 2 min after peak (%)
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Table M.10. Mixograph dough breakdown resistance at the Swift Current-00
and Swift Current-01 sites.”

Treatment Year
Stubble '\(Jkgp:;'_?)d 2000 2001
Durum 34 3.1 7.6
Durum 50 3.6 8.8
Durum 78 5.5 9.9
Pea 34 4.4 10.1
Pea 50 5.1 10.2
Pea 78 7.2 9.0
LSD (P=0.05) 1.8 1.6
Stubble
Durum 4.1 8.8
Pea 5.6 9.8
LSD (P=0.05) 1.1 0.9
N Applied (kg ha™)
34 3.8 8.8
50 4.4 9.5
78 6.3 9.5
LSD (P=0.05) 1.3 ns
ANOVA df Pr>F
Stubble (S) 1 0.0094 0.0334
N Applied (kg ha™) 2 0.0027 0.39
N*S 2 0.94 0.0205
Contrasts
Pea vs Durum at 34N 0.15 0.0058
Pea vs Durum at 50N 0.1 0.0662
Pea vs Durum at 78N 0.0661 0.25
34 Nvs 50N 0.33 0.23
50Nvs78N 0.0066 0.97
34Nvs78N 0.001 0.25
Pea vs Durum - 34 Nvs 50 N 0.85 0.37
Peavs Durum-50Nvs 78 N 0.88 0.0416
Durum at 50 Nvs Peaat 34 N 0.37 0.1
Durum at 78 N vs Pea at 50 N 0.69 0.67
Durum at 78 N vs Peaat 34 N 0.23 0.84
C.V. (%) 1.1 1.0

2 Breakdown resistance is calculated as (peak dough resistance 2 min
after peak (%) divided by peak dough resistance (%))*100.
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Table M.11. Mixograph dough strength index at the Carman-00, Carman-01, and Brandon-01
sites.?

Treatment Site
Stubbie N Apphj;d Carman-00 Carman-01 Brandon-01
(kg ha™)
Flax 0 130 135 125
Flax 30 AN* 126 136 124
Flax 30 CRU** 125 120 119
Flax 90 AN 120 121 96
Flax 90 CRU 118 125 97
Pea 0 109 116 114
Pea 30 AN 107 127 104
Pea 30 CRU 109 124 101
Pea 90 AN 109 120 91
Pea 90 CRU 101 124 90
LSD (P=0.05) 13 12 11
Stubble
Flax 124 127 112
Pea 107 122 100
LSD (P=0.05) ns ns 5
N Applied (kg ha™)
0] 120 125 120
30 AN 116 131 114
30 CRU 117 122 110
90 AN 115 120 93
90 CRU 109 125 93
LSD (P=0.05) ns ns 7
ANOVA df Pr>F
Stubble (S) 1 0.057 0.046 0.0313
N Applied (kg ha™') (N) 4 0.1 0.16 <0.0001
N*S 4 0.79 0.0889 0.2
Contrasts
Peavs FlaxatO N 0.0038 0.0026 0.0475
Peavs Flaxat 30 N 0.0006 0.55 <0.0001
Pea vs Flax at 90 N 0.0039 0.83 0.11
AN vs CRU 0.39 0.49 0.41
ANvs CRU-30Nvs90N 0.24 0.0366 0.42
ONvs30N 0.41 0.7 0.0191
30N vs 90 N 0.0705 0.2 <0.0001
Peavs Flax-ONvs 30N 0.68 0.0327 0.22
Peavs Flax-30Nvs 90 N 0.53 0.79 0.0196
Pea at 30 N vs Flax 90 N 0.0214 0.58 0.0924
Pea at 0 Nvs Flaxat 30 N 0.0069 0.0211 0.13
Pea at 0 N vs Flax at 90 N 0.0908 0.15 0.0005
C.V. (%) 6.3 6.8 6.6

* Ammonium nitrate

** Controlled-release urea
? Dough strength index equals dough development time*peak band width.




Table M.12. Mixograph dough strength index at the Swift Current-00, and

Swift Current-01 sites.?

Treatment Year
Stubble '\(’k';p::f)d 2000 2001
Durum 34 113 80
Durum 50 107 77
Durum 78 105 68
Pea 34 91 63
Pea 50 94 66
Pea 78 103 67
LSD (P=0.05) ns ns
Stubble
Durum 108 75
Pea 96 65
LSD (P=0.05) 10 7
N Applied (kg ha™)
34 102 71
50 101 72
78 104 68
LSD (P=0.05) ns ns
ANOVA df Pr>F
Stubble (S) 1 0.0166 0.0117
N Applied (kg ha™) 2 0.88 0.53
‘N*S 2 0.22 0.18
Contrasts
Pea vs Durum at 34N 0.0137 0.012
Pea vs Durum at 50N 0.12 0.0704
Pea vs Durum at 78N 0.79 0.84
34Nvs50N 0.84 0.97
50Nvs78 N 0.62 0.33
34Nvs78 N 0.77 0.35
Pea vs Durum - 34 N vs 50 N 0.4 0.5
Peavs Durum -50 Nvs 78 N 0.34 0.23
Durum at 50 Nvs Peaat 34 N 0.0548 0.0278
Durum at 78 N vs Pea at 50 N 0.21 0.72
Durum at 78 N vs Pea at 34 N 0.1 0.39
C.V. (%) 9.3 9.9

# Dough strength index equals dough development time*peak band width.




Brandon-01 sites (with the addition of 2% sait).

Table M.13. Mixograph dough development time (min) at the Carman-00, Carman-01, and

Treatment Site
Stubble N Ap p"_?d Carman-00 Carman-01 Brandon-01
(kgha™)
Flax 0 5.62 4.80 5.10
Flax 30 AN* 5.42 5.03 4.87
Flax 30 CRU** 5.58 4.56 4.86
Fiax 90 AN 5.01 457 3.91
Flax 90 CRU 4.60 4.84 3.80
Pea 0 4.36 4.08 517
Pea 30 AN 4.63 4.28 410
Pea 30 CRU 4.41 4.79 4.11
Pea 90 AN 4.44 4.42 3.74
Pea 90 CRU 4.51 4.59 3.53
LSD (P=0.05) 0.47 ns 0.46
Stubble
Flax 5.25 4.76 4.51
Pea 4.47 4.43 4.13
LSD (P=0.05) 0.18 ns 0.21
N Applied (kg ha™)
0 4.99 4.44 5.13
30 AN 5.02 4.65 4.49
30 CRU 5.00 4.67 4.49
90 AN 4.72 4.50 3.83
90 CRU 4.55 4.72 3.66
LSD (P=0.05) 0.28 ns 0.33
ANOVA df - Pr>F
Stubble (S) 1 0.0264 0.0681 0.0209
N Applied (kg ha™) (N) 4 0.0063 0.56 <0.0001
N*S 4 0.0015 0.1 0.0598
Contrasts
Peavs Flaxat O N <0.0001 0.015 0.75
Peavs Flaxat 30 N <0.0001 0.19 <0.0001
Peavs Flaxat 90 N 0.0544 0.32 0.18
AN vs CRU 0.32 0.4 0.47
ANvs CRU-30Nvs 90N 0.47 0.47 0.47
ONvs30N 0.87 0.2 0.0001
30Nvs 90 N 0.0008 0.69 <0.0001
PeavsFlax-ONvs 30 N 0.24 0.19 0.0067
Pea vs Flax-30 Nvs 90 N 0.0024 0.82 0.0266
Pea at 30 N vs Flax 90 N 0.0928 0.39 0.12
PeaatONvs Flaxat 30 N <0.0001 0.0059 0.13
Peaat O Nvs Flax at 90 N 0.0332 0.0144 <0.0001
C.V. (%) 5.6 8.6 75

* Ammonium nitrate
** Controlled-release urea
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Table M.14. Mixograph dough development time (min) at the Swift Current-00

and Swift Current-01 sites (with the addition of 2% salt).
Treatment Year
Stubble "('k'gp::_?)d 2000 2001
Durum 34 6.81 3.96
Durum 50 6.09 3.79
Durum 78 ' 5.89 3.53
Pea 34 5.15 3.50
Pea 50 5.12 3.61
Pea 78 4.67 3.70
L.SD (P=0.05) ns ns
Stubble
Durum 6.20 3.76
Pea 4,98 3.60
LSD (P=0.05) 0.85 ns
N Applied (kg ha™)
34 5.82 3.73
50 5.61 3.70
78 5.28 3.61
LSD (P=0.05) ns ns
ANOVA df Pr>F
Stubble (S) 1 0.0094 0.21
N Applied (kg ha™) 2 0.42 0.72
. N*S 2 0.78 0.14
| Contrasts
. Pea vs Durum at 34N 0.0436 0.0457
% Pea vs Durum at 50N 0.17 0.39
‘ Pea vs Durum at 78N 0.0858 0.44
34 Nvs50N 0.46 0.83
50Nvs78N 0.49 0.57
34 Nvs 78 N 0.18 0.44
Pea vs Durum - 34 Nvs 50 N 0.49 0.36
Pea vs Durum-50 Nvs 78 N 0.78 0.25
Durum at 50 N vs Pea at 34 N 0.18 0.19
Durum at 78 Nvs Pea at 50 N 0.26 0.72
Durum at 78 Nvs Pea at 34 N 0.28 0.89

C.V. (%) 14.3 6.9




Table M.15. Mixograph work input to peak (% torque*min) at the Carman-00, Carman-01, and

Brandon-01 sites (with the addition of 2% salt).
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Treatment Site
Stubble N Apph'?d Carman-00 Carman-01 Brandon-01
(kg ha')
Flax 0 210.1 190.7 187.7
Flax 30 AN* 215.0 204.2 169.4
Flax 30 CRU™ 214.1 189.9 169.7
Fiax 90 AN 217.2 192.0 160.7
Flax 90 CRU 203.4 203.8 161.2
Pea 0 191.5 1775 192.2
Pea 30 AN 204.6 179.6 161.7
Pea 30 CRU 196.3 197.5 160.8
Pea 90 AN 203.7 182.7 162.4
Pea 90 CRU 210.6 1914 155.4
LSD (P=0.05) ns ns 20.3
Stubble
Flax 212.0 196.1 169.8
Pea 201.3 185.7 166.5
LSD (P=0.05) 9.5 ns ns
N Applied (kg ha™)
0 200.8 184.1 189.9
30 AN 209.8 191.9 165.5
30 CRU 205.2 193.7 165.2
90 AN 210.5 187.4 161.5
90 CRU 207.0 197.6 158.3
LSD (P=0.05) ns ns 13.9
ANOVA df Pr>F
Stubble (S) 1 0.0468 0.24 0.59
N Applied (kg ha™*) (N) 4 0.68 0.63 0.0007
N*S 4 0.41 0.55 0.81
Contrasts
PeavsFlaxatON 0.073 0.34 0.65
Peavs Flaxat30 N 0.056 0.38 0.24
Peavs Flaxat 90 N 0.65 0.26 0.77
AN vs CRU 0.44 0.37 0.72
ANvs CRU-30Nvs 90N 0.91 0.53 0.76
ONvs30N 0.3 0.29 0.0003
30Nvs 90N 0.82 0.96 0.26
Peavs Flax-ONvs 30 N 0.72 0.77 0.28
Peavs Flax- 30 Nvs 90 N 03 0.85 0.52
Peaat 30 Nvs Flax 90 N 0.17 0.33 0.97
Pea at O N vs Flax at 30 N 0.0128 0.1 0.0136
Pea at O N vs Flax at 90 N 0.0384 0.09 0.0011
C.V. (%) 7.0 9.7 8.0

* Ammonium nitrate
** Controlled-release urea




Table M.16. Mixograph work inut to peak (% torque*min) at the Swift
Current-00 and Swift Current-01 sites (with the addition of 2% salt).

Treatment Year
Stubble '\(‘k';p:a"_?)d 2000 2001
Durum 34 213.6 150.9
Durum 50 208.2 152.0
Durum 78 226.2 156.4
Pea 34 189.1 152.2
Pea 50 198.6 167.7
Pea 78 200.3 163.7
LSD (P=0.05) ns ns
Stubble
Durum 216.3 153.1
Pea 196.0 161.2
LSD (P=0.05) ns ns
N Applied (kg ha™")
34 198.9 151.5
50 203.4 159.9
78 213.3 160.1
LSD (P=0.05) ns ns
ANOVA df Pr>F
Stubble (S) 1 0.12 0.14
N Applied (kg ha™") 2 0.68 0.33
N*S 2 0.83 0.53
Contrasts
Pea vs Durum at 34N 0.3 0.89
Pea vs Durum at 50N 0.64 0.1
Pea vs Durum.at 78N 0.23 0.43
34Nvs50N 0.89 0.21
50Nvs 78 N 0.5 0.97
34Nvs78N 0.45 0.2
Pea vs Durum-34 Nvs 50 N 0.64 0.27
Peavs Durum-50 Nvs 78 N 0.58 0.51
Durum at 50 N vs Pea at 34 N 0.37 0.99
Durum at 78 Nvs Pea at 50 N 0.2 0.23
Durum at 78 Nvs Pea at 34 N 0.0943 0.64
C.V. (%) 12.1 6.9
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Table M.17. Mixograph peak dough resistance (% torque) at the Carman-00, Carman-01, and
Brandon-01 sites (with the addition of 2% salt).

Treatment Site
Stubble N Ap pl'_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
Flax 0 54.7 58.3 52.4
Flax 30 AN* 57.3 59.1 50.6
Flax 30 CRU* 56.3 61.0 50.8
Flax 90 AN 61.5 60.4 57.1
Flax 90 CRU 63.0 60.6 60.7
Pea 0 63.5 61.1 53.7
Pea 30 AN 62.8 60.7 55.6
Pea 30 CRU 64.1 60.0 55.2
Pea 90 AN 65.0 61.1 62.0
Pea 90 CRU 66.2 60.9 60.7
LSD (P=0.05) 29 ns 4.1
Stubble
Flax 58.6 59.9 54.3
Pea 64.3 60.7 57.4
LSD (P=0.05) 0.8 ns ns
N Applied (kg ha™)
0 59.1 59.7 53.0
30 AN 60.1 59.9 53.1
30 CRU 60.2 60.5 53.0
90 AN 63.2 60.7 595 -
90 CRU 64.6 60.7 60.7
LSD (P=0.05) » 1.3 ns 2.2
ANOVA df Pr>F
Stubble (S) 1 0.0348 0.45 0.19
N Applied (kg ha™) (N) 4 <0.0001 0.74 <0.0001
N*S 4 0.0004 0.41 0.0826
Contrasts
Peavs FlaxatON <0.0001 0.0797 0.51
Peavs Flaxat 30 N <0.0001 0.81 0.0023
Pea vs Flaxat 90 N 0.003 0.63 0.0945
AN vs CRU 0.1 0.65 0.47
ANvs CRU-30Nvs 90 N 0.19 0.66 04
ONvs30N 0.0737 0.58 0.98
30Nvs 90N <0.0001 0.43 <0.0001
Peavs Flax-ONvs 30 N 0.0644 0.16 0.0786
Peavs Flax-30 Nvs 90 N <0.0001 0.96 0.14
Pea at 30 Nvs Flax 90 N 0.25 0.87 0.0197
PeaatONvs Flaxat 30 N <0.0001 0.44 0.0917
Pea at O N vs Flax at 90 N 0.33 0.65 0.0054
C.V. (%) 2.1 3.3 3.8
* Ammonium nitrate
** Controlled-release urea
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Table M.18. Mixograph peak dough resistance (% torque) at the Swift
Current-00 and Swift Current-01 sites (with the addition of 2% salt).
Treatment Year
Stubble '\('k';p::.?)d 2000 2001
Durum 34 43.1 53.7
Durum 50 48.9 56.3
Durum 78 55.4 62.9
Pea 34 52.3 62.9
Pea 50 55.6 64.9
Pea 78 60.8 61.4
LSD (P=0.05) ‘ 5.4 5.5
Stubble
Durum 49.9 57.6
Pea 56.2 63.0
LSD (P=0.05) 3.2 3.2
N Applied (kg ha™")
34 48.6 58.3
50 52.3 60.6
78 58.1 62.2
LSD (P=0.05) 5.8 ns
ANOVA df Pr>F
Stubble (S) 1 0.0012 0.0031
N Applied (kg ha™) 2 0.0006 0.14
N*S 2 0.6 0.0196
Contrasts '
Pea vs Durum at 34N 0.0065 0.0036
Pea vs Durum at 50N 0.0193 0.0056
Pea vs Durum at 78N 0.0493 0.57
34 Nvs50N 0.0308 0.23
50Nvs78 N 0.0065 0.4
34Nvs78 N 0.0002 0.0526
Peavs Durum-34 Nvs 50 N 0.52 0.87
Pea vs Durum-50Nvs 78 N 0.72 0.0161
Durum at 50 Nvs Pea at 34 N 0.19 0.024
Durum at 78 Nvs Peaat 50 N 0.92 0.45
Durum at 78 N vs Pea at 34 N 0.24 0.99
C.V. (%) 5.7 5.2




Tabte M.19. Mixograph peak band width (% torque) at the Carman-00, Carman-01, and
Brandon-01 sites (with the addition of 2% salt).
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Treatment Site
Stubble N Apph_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
Flax 0 42.7 39.7 39.0
Flax 30 AN* 40.0 38.8 41.7
Flax 30 CRU* 40.0 39.9 442
Flax 90 AN 38.6 41.4 41.8
Flax 90 CRU 38.7 39.4 421
Pea 0 40.5 38.8 39.9
Pea 30 AN 40.1 39.4 42.2
Pea 30 CRU 39.2 40.2 441
Pea 90 AN 39.0 40.6 384
Pea 90 CRU 37.2 39.3 37.9
LSD (P=0.05) ns ns 3.9
Stubble
Flax 40.0 39.9 41.8
Pea 39.2 39.7 40.5
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
0 41.6 39.3 39.4
30 AN 40.1 39.1 41.9
30 CRU 39.6 40.1 441
90 AN 38.8 41.0 40.1
90 CRU 37.9 39.3 40.0
LSD (P=0.05) 2.1 ns 2.8
ANOVA df Pr>F
Stubble (S) 1 0.34 0.82 0.2
N Applied (kg ha™") (N) 4 0.0228 0.48 0.0125
N*S 4 0.69 0.96 0.24
Contrasts
Peavs FlaxatO N 0.15 0.6 0.64
Peavs Flaxat30 N 0.72 0.73 0.92
Pea vs Flaxat 90 N 0.59 0.69 0.0089
AN vs CRU 0.37 0.69 0.29
ANvs CRU-30Nvs 90N 0.79 0.12 0.24
ONvs30N 0.064 0.77 0.0055
30Nvs 90N 0.0604 0.49 0.0049
Peavs Flax-ONvs 30N 0.32 0.53 0.75
Pea vs Flax - 30 Nvs 90 N 0.9 0.59 0.0519
Peaat30 Nvs Flax 90 N 0.36 0.61 0.4
Peaat O Nvs Flaxat 30 N 0.72 0.71 0.0727
PeaatONvs Flaxat 90 N 0.17 0.29 0.22
C.V. (%) 5.3 5.9 6.7

* Ammonium nitrate

** Controlled-release urea




Table M.20. Mixograph peak band width (% torque) at the Swift Current-00

and Swift Current-01 sites (with the addition of 2% salt).

Treatment Year
Stubble "('k'gp::.?;' 2000 2001
Durum 34 32.0 35.4
Durum 50 35.6 37.6
Durum 78 40.1 35.8
Pea 34 38.3 34.2
Pea 50 39.1 35.7
Pea 78 39.6 36.8
LSD (P=0.05) 4.5 ns
Stubble
Durum 36.4 36.3
Pea 39.0 35.6
LSD (P=0.05) ns ns
N Applied (kg ha™")
34 35.7 34.8
50 37.3 36.7
78 39.8 36.3
LSD (P=0.05) 4.1 ns
ANOVA df Pr>F
Stubble (S) 1 0.0525 0.49
N Applied (kg ha™) 2 0.042 0.29
N*S 2 0.12 0.45
Contrasts
Pea vs Durum at 34N 0.0175 0.48
Pea vs Durum at 50N 0.1 0.28
Pea vs Durum at 78N 0.81 0.54
34 Nvs50N 0.17 0.14
50Nvs78 N 0.11 0.76
34 Nvs 78 N 0.0101 0.23
Peavs Durum-34 Nvs 50 N 0.37 0.79
Pea vs Durum-50Nvs 78 N 0.19 0.24
Durum at 50 Nvs Pea at 34 N 0.21 0.0635
Durum at 78 N vs Pea at 50 N 0.63 0.98
Durum at 78 N vs Pea at 34 N 0.39 0.37
C.V. (%) 6.6 5.6
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Table M.21. Mixograph dough breakdown resistance at the Carman-00, Carman-01, and
Brandon-01 sites (with the addition of 2% salt).?
Treatment Site
Stubble N Appl{?d Carman-00 Carman-01 Brandon-01
(kg ha™)
Flax 0 3.6 4.2 54
Flax 30 AN* 3.9 4.3 34
Flax 30 CRU** 4.1 45 3.3
Flax 90 AN 4.3 4.0 6.3
Flax 90 CRU 4.3 4.8 4.3
Pea 0 3.8 4.4 5.3
Pea 30 AN 3.7 4.8 3.3
Pea 30 CRU 35 4.0 4.5
Pea 90 AN 3.9 4.0 4.6
Pea 90 CRU 46 4.2 5.0
LSD (P=0.05) ns ns ns
Stubble
Flax 4.0 4.4 45
Pea 3.9 4.3 45
LSD (P=0.05) ns ns ns
N Applied (kg ha™")
0 3.7 4.3 5.3
30 AN 3.8 45 3.3
30 CRU 3.8 4.3 3.9
90 AN 4.1 4.0 5.4
90 CRU 4.4 4.5 4.6
LSD (P=0.05) ns ns 1.4
ANOVA df Pr>F
Stubble (S) 1 0.82 0.74 0.98
N Applied (kg ha™*) (N) 4 0.56 0.92 0.0172
N*S 4 0.86 0.88 0.25
Contrasts
Peavs FlaxatO N 0.74 0.82 0.9
Peavs Flaxat 30 N 0.45 0.95 0.45
Peavs Flaxat 90 N 0.98 0.58 0.47
AN vs CRU 0.63 0.81 0.78
ANvs CRU-30Nvs 90N 0.64 0.4 0.16
ONvs30N 0.86 0.79 0.0066
30N vs 90 N 0.18 0.73 0.0064
Peavs Flax-ONvs 30N 0.45 0.83 0.57
Peavs Flax-30 Nvs 90 N 0.58 0.73 0.27
Pea at 30 Nvs Flax 90 N 0.2 0.96 0.0604
Peaat O Nvs Flaxat 30 N 0.81 0.93 0.0356
PeaatONvs Flaxat 90 N 0.5 0.94 0.99
C.V. (%) 1.0 1.3 1.4
* Ammonium nitrate
** Controlled-release urea
2 Breakdown resistance is calculated as (peak dough resistance 2 min after peak (%)
divided by peak dough resistance (%))*100.




Table M.22. Mixograph dough breakdown resistance at the Swift Current-00
and Swift Current-01 sites (with the addition of 2% salt).*

Treatment Year
Stubble '\('k';pt:’:_?)d 2000 2001
Durum 34 n.d.* 5.5
Durum 50 n.d. 5.0
Durum 78 n.d. 53
Pea 34 n.d. 5.3
Pea 50 n.d. 5.3
Pea 78 n.d. 5.5
LSD (P=0.05) ns
Stubble
Durum n.d. 5.3
Pea n.d. 53
LSD (P=0.05) ns
N Applied (kg ha™")
34 n.d. 5.4
50 n.d. 5.1
78 n.d. 5.4
LSD (P=0.05) ns
ANOVA df Pr>F
Stubble (S) 1 nd. 0.86
N Applied (kg ha™) 2 nd. 0.85
N*S 2 n.d. 0.85
Contrasts
Pea vs Durum at 34N nd. 0.74
Pea vs Durum at 50N n.d. 0.65
Pea vs Durum at 78N n.d. 0.86
34 Nvs50N n.d. 0.66
50Nvs 78N nd. 0.6
34Nvs78N n.d. 0.94
Peavs Durum-34 Nvs 50 N n.d. 0.58
Pea vs Durum - 50 Nvs 78 N n.d. 0.84
Durum at 50 N vs Pea at 34 N n.d. 0.7
Durum at 78 Nvs Pea at 50 N n.d. 0.96
Durum at 78 Nvs Pea at 34 N n.d. 0.9
C.V. (%) n.d. 0.9

2 Breakdown resistance is calculated as (peak dough resistance 2 min
after peak (%) divided by peak dough resistance (%))*100.
* No data.
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Table M.23. Dough strength index at the Carman-00, Carman-01, and Brandon-01 sites.

(with the addition of 2% salt).?

Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kg ha™) .
Flax 0 240 190 199
Fiax 30 AN* 217 194 203
Flax 30 CRU** 223 182 214
Fiax 90 AN 193 189 163
Flax 90 CRU 178 191 160
Pea 0 176 158 206
Pea 30 AN 186 168 173
Pea 30 CRU 173 193 181
Pea 90 AN 173 180 143
Pea 90 CRU 168 180 133
LSD (P=0.05) 24 ns 20
Stubble
Flax 210 189 188
Pea 175 176 167
LSD (P=0.05) 9 ns 10
N Applied (kg ha™)
0 208 174 202
30 AN 201 181 188
30 CRU 198 187 198
90 AN 183 185 153
90 CRU 173 185 147
LSD (P=0.05) 14 ns 15
ANOVA df Pr>F
Stubble (S) 1 0.0402 0.0743 0.0049
N Applied (kg ha™) (N) 4 0.0001 0.7 <0.0001
N*S 4 0.0037 0.24 0.0662
Contrasts
Peavs FlaxatO N <0.0001 0.0242 0.47
Peavs Flax at 30 N <0.0001 043 0.0001
Peavs Flaxat 90 N 0.0802 0.29 0.0025
AN vs CRU 0.17 0.63 0.71
AN vs CRU-30Nvs 90 N 0.5 0.71 0.13
ONvs30N 0.17 0.25 0.15
30Nvs 90 N 0.0001 0.93 <0.0001
Peavs Flax-ONvs 30 N 0.0662 0.16 0.0049.
Peavs Flax-30 Nvs 90 N 0.0124 0.85 0.42
Pea at 30 N vs Flax 90 N 0.45 0.32 0.0398
Pea at O N vs Flax at 30 N 0.0002 0.0162 0.74
PeaatONvs Flaxat 90 N 0.37 0.011 <0.0001
C.V. (%) 7.0 10.6 8.2

* Ammonium nitrate
** Controlled-release urea
# Dough strength index equals dough development time*peak band width.




Table M.24. Dough strength index at the Swift Current-00, and Swift
Current-01 sites (with the addition of 2% salt).?

Treatment Year
Stubble '\('k'gp::_?)d 2000 2001
Durum 34 217 140
Durum 50 212 142
Durum 78 237 126
Pea 34 197 120
Pea 50 200 129
Pea 78 185 137
LSD (P=0.05) ns ns
Stubble
Durum 223 136
Pea 194 129
LSD (P=0.05) 28 ns
N Applied (kg ha™)
34 205 130
50 206 136
78 211 132
LSD (P=0.05) ns ns
ANOVA df Pr>F
Stubble (S) 1 0.0441 0.27
N Applied (kg ha™) 2 0.96 0.8
N*S 2 0.42 0.18
Contrasts
Pea vs Durum at 34N 0.42 01
Pea vs Durum at 50N 0.57 0.27
Pea vs Durum at 78N 0.0328 0.38
34 Nvs50N 0.95 0.52
50Nvs78 N 0.77 0.64
34Nvs78N 0.83 0.85
Peavs Durum-34 Nvs 50 N 0.82 0.67
Peavs Durum-50Nvs 78 N 0.22 0.17
Durum at 50 Nvs Pea at 34 N 0.49 0.0777
Durum at 78 N vs Pea at 50 N 0.1 0.83
Durum at 78 N vs Pea at 34 N 0.0909 0.59
C.V. (%) 12.6 10.8

2 Dough strength index equals dough development time*peak band width.
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8.14. APPENDIX N — ANALYSIS OF VARIANCE, LSDs, AND CONTRASTS
FOR THE EFFECTS OF PREVIOUS CROP AND FERTILIZER NITROGEN
TREATMENTS ON MICRO-EXTENSION TEST ANALYSES AT THE
CARMAN, BRANDON, AND SWIFT CURRENT EXPERIMENTAL SITES




Table N.1. Maximum dough resistance to extension (Rmax) at the Carman-00, Carman-01,

and Brandon-01 sites.

Site

Treatment
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
Rmax (g)---=--r==rmsrmsmeeeean
Flax 0 33.1 36.0 34.6
Flax 30 AN* 34.4 36.0 35.3
Flax 30 CRU™ 31.4 35.1 33.6
Flax 90 AN 37.0 35.8 31.0
Flax 90 CRU 33.6 36.7 29.1
Pea 0 32.2 36.7 34.9
Pea 30 AN 34.1 36.6 325
Pea 30 CRU 34.7 36.6 34.1
Pea 90 AN 36.8 37.0 29.3
Pea 90 CRU 35.0 37.7 334
LSD (P=0.05) ns ns 3.1
Stubble
Flax 33.9 359 32.7
Pea 34.6 36.9 328
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
0 32.7 36.3 347
30 AN 34.3 36.3 339
30 CRU 33.0 35.9 33.9
90 AN 36.9 36.4 30.1
90 CRU 34.3 37.2 31.3
LSD (P=0.05) 2.7 ns 2.0
ANOVA df Pr>F
Stubble (S) 1 0.035 0.16 0.91
N Applied (kg ha™™) (N) 4 0.0307 0.8 0.0002
N*S 4 0.53 0.99 0.0096
Contrasts
Peavs FlaxatON 0.62 0.64 0.83
Peavs Flaxat 30 N 0.24 0.3 0.28
Peavs Flaxat 90 N 0.67 0.28 0.22
AN vs CRU 0.0508 0.81 0.43
ANvs CRU-30Nvs90N 0.46 0.41 0.41
ONvs30N 0.41 0.78 0.31
30N vs 90 N 0.0445 0.35 <0.0001
PeavsFlax-ONvs 30N 0.31 0.83 0.37
Pea vs Flax - 30 N vs 90 N 0.62 0.98 0.0755
Pea at 30 Nvs Flax 90 N 0.45 0.7 0.0045
PeaatONvsFlaxat30 N 0.67 0.4 0.74
Pea at O Nvs Flaxat90 N 0.0514 0.72 0.0008
C.V. (%) 7.7 5.8 5.8

* Ammonium nitrate

** Controlled-release urea




Table N.2. Maximum dough resistance to extension (Rmax) at the Swift

Current-00 and Swift Current-01 sites.

Treatment Year
Stubble "('k'gp:a"_?)d 2000 2001
Rmax (g)
Durum 34 28.7 253
Durum 50 29.1 26.7
Durum 78 29.8 26.6
Pea 34 29.3 234
Pea 50 27.8 25.7
Pea 78 28.2 24.3
LSD (P=0.05) ns ns
Stubble
Durum 29.3 26.2
Pea 28.4 245
LSD (P=0.05) ns ns
N Applied (kg ha™)
34 29.1 24.3
50 28.5 26.2
78 29.0 255
LSD (P=0.05) ns ns
ANOVA df Pr>F
Stubble (S) 1 0.57 0.22
N Applied (kg ha™") 2 0.93 0.54
N*S 2 0.8 0.91
Contrasts
Pea vs Durum at 34N 0.83 043
Pea vs Durum at 50N 0.57 0.69
Pea vs Durum at 78N 0.49 0.33
34 Nvs50N 0.75 0.28
50 Nvs 78 N 0.75 0.65
34Nvs78N 0.99 0.51
Pea vs Durum - 34 N vs 50 N 0.59 0.78
Peavs Durum-50Nvs 78 N 0.93 0.68
Durum at 50 Nvs Peaat 34 N 0.94 0.18
Durum at 78 N vs Pea at 50 N 04 0.71
Durum at 78 N vs Pea at 34 N 0.83 0.19
C.V. (%) 9.3 11.3




Table N.3. Dough extensibility at Rmax (ERmax) @t the Carman-00, Carman-01, and

Brandon-01 sites.
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Treatment ) Site
Stubble N Applx_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
T = Extensibility at Rmax (mm)-——-——
Flax 0 76.8 91.9 75.8
Flax 30 AN* 83.3 90.5 77.3
Flax 30 CRU*™ 815 875 77.7
Flax 90 AN 87.9 89.3 85.8
Flax 90 CRU 91.9 94.4 91.7
Pea 0 92.6 89.0 779
Pea 30 AN 92.9 91.0 85.3
Pea 30 CRU 93.9 88.6 77.6
Pea 90 AN 92.1 92.3 89.9
Pea 90 CRU 98.0 89.7 89.4
LSD (P=0.05) 9.8 ns 2.2
Stubble
Flax 84.3 90.7 81.6
Pea 93.9 90.1 84.0
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
0 84.7 90.4 76.8
30 AN 88.1 90.7 81.3
30 CRU 87.7 88.0 77.7
90 AN 90.0 90.8 87.9
90 CRU 95.0 92.0 90.6
LSD (P=0.05) 5.9 ns 1.5
ANOVA Pr>F
Stubble (S) 1 0.0874 0.56 0.27
N Applied (kg ha*) (N) 4 0.0212 0.2 <0.0001
N*S 4 0.28 0.16 0.21
Contrasts
Peavs FlaxatON 0.0025 0.21 0.55
Peavs Flaxat 30 N 0.003 0.63 0.0925
Pea vs Flaxat 90 N 0.14 0.58 0.71
AN vs CRU 0.27 0.53 0.75
ANvs CRU-30Nvs90 N 0.19 0.1 0.0547
ONvs30N 0.21 0.44 0.17
30N vs 90 N 0.0323 0.0899 <0.0001
Peavs Flax-ONvs 30N 0.34 0.2 0.6
Peavs Flax-30Nvs 90 N 0.16 0.47 0.33
Pea at 30 N vs Flax 90 N 0.31 0.21 0.0036
PeaatONvs Flaxat 30 N 0.0193 0.99 0.93
Pea at 0 N vs Flax at 90 N 0.51 0.16 0.0005
C.V. (%) 6.4 3.6 5.4

* Ammonium nitrate

** Controlled-release urea




Table N.4. Dough extensibility at Rmax (Epy,ay) at the Swift Current-00
and Swift Current-01 sites.

Treatment Year
Stubble '\('kgp::.?;' 2000 2001
, Extensibility at Rmax (mm)
Durum 34 63.8 89.6
Durum 50 78.6 88.6
Durum 78 79.9 97.8
Pea 34 82.1 100.2
Pea 50 87.0 99.7
Pea 78 96.5 94.2
LSD (P=0.05) 3.2 ns
Stubble
Durum 75.4 92.0
Pea 88.5 98.0
LSD (P=0.05) 8.5 ns
N Applied (kg ha™)
34 74.8 94.9
50 82.8 94.2
78 88.2 96.0
LSD (P=0.05) 2.6 ns
ANOVA df Pr>F
Stubble (S) 1 0.0002 0.0596
N Applied (kg ha™) 2 0.0021 0.88
N*S 2 0.27 0.11
Contrasts
Pea vs Durum at 34N 0.0029 0.0583
Pea vs Durum at 50N 0.0783 0.0466
Pea vs Durum at 78N 0.0026 0.49
34 Nvs 50 N 0.0112 0.85
50Nvs78 N 0.0989 0.62
34Nvs78N 0.0006 0.76
Peavs Durum-34Nvs 50 N 0.15 0.93
Pea vs Durum-50 Nvs 78 N 0.2 0.061
Durum at 50 Nvs Pea at 34 N 043 0.0409
Durum at 78 Nvs Pea at 50 N 0.13 0.7
Durum at 78 Nvs Pea at 34 N 0.62 0.65
C.V. (%) 6.4 6.5
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Table N.5. Extensig_;ram area at the Carman-00, Carman-01, and Brandon-01 sites.
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Treatment Site
Stubble N Apph_:ad Carman-00 Carman-01 Brandon-01
(kg ha™)
-------------- Extensigram Area --------------
Flax 0 517 626 540
Flax 30 AN* 570 624 547
Flax 30 CRU™ 514 585 523
Flax 90 AN 637 610 520
Flax 90 CRU 594 654 513
Pea 0 579 633 539
Pea 30 AN 610 628 545
Pea 30 CRU 634 627 538
Pea 90 AN 651 648 506
Pea 90 CRU 646 645 581
LSD (P=0.05) 67 ns ns
Stubble
Flax 567 620 528
Pea 624 636 542
LSD (P=0.05) 30 ns ns
N Applied (kg ha™)
0 548 630 539
30 AN 590 626 546
30 CRU 574 606 531
90 AN 644 629 513
90 CRU 620 650 547
LSD (P=0.05) 48 ns ns
ANOVA df Pr>F
Stubble (S) 1 0.0275 0.0618 0.41
N Applied (kg ha™) (N) 4 0.0036 0.24 0.32
N*S 4 0.26 0.53 0.2
Contrasts
Peavs FlaxatO N 0.069 0.79 1
Pea vs Flaxat 30 N 0.002 0.19 0.72
Pea vs Flax at 90 N 0.17 0.42 0.15
AN vs CRU 0.24 0.96 0.45
AN vs CRU-30Nvs 90 N 0.82 0.12 0.0608
ONvs30N 0.11 0.39 0.93
30N vs 90 N 0.0057 0.0848 0.53
Peavs Flax-ONvs 30 N 0.68 0.6 0.83
Peavs Flax-30Nvs 90 N 0.17 0.73 042
Pea at 30 N vs Flax 90 N 0.8 0.81 0.19
Pea at O N vs Flaxat 30 N 0.2 0.19 0.84
Pea at O N vs Flax at 90 N 0.21 0.96 0.32
C.V. (%) 7.8 5.7 6.7

* Ammonium nitrate

** Controlled-release urea




Table N.6. Extensigram area at the Swift Current-00 and Swift Current-01

sites.
Treatment Year
Stubble "('k'gp'f’:_?)d 2000 2001
----Extensigram Area----
Durum 34 397 450
Durum 50 472 474
Durum 78 475 509
Pea 34 484 465
Pea 50 472 510
Pea 78 517 456
LSD (P=0.05) ns ns
Stubble
Durum 454 478
Pea 491 477
LSD (P=0.05) ns ns
N Applied (kg ha™")
34 450 458
50 472 492
78 496 482
LSD (P=0.05) ns ns
ANOVA df Pr>F
. Stubble (S) 1 0.15 0.98
N Applied (kg ha™") 2 0.32 0.54
N*S 2 0.48 0.36
Contrasts
Pea vs Durum at 34N 0.12 0.74
Pea vs Durum at 50N 0.97 0.43
Pea vs Durum at 78N 0.38 0.26
34 Nvs50N 0.38 0.29
50 Nvs 78 N 048 0.76
34Nvs78N 0.14 0.45
Peavs Durum-34 Nvs 50 N 0.23 0.74
Peavs Durum-50Nvs 78 N 0.53 0.18
Durum at 50 Nvs Pea at 34 N 0.79 0.84
Durum at 78 Nvs Pea at 50 N 0.96 0.97
Durum at 78 N vs Pea at 34 N 0.84 0.34
C.V. (%) 11.9 114
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Table N.7. Dough extensibility at point of dough rupture (E) at the Carman-00, Carman-01,
and Brandon-01 sites.
Treatment ' Site
Stubble N Ap plu_?d Carman-00 Carman-01 Brandon-01
(kgha")
--------------- Extensibility (mm)---weseseceee-
Flax 0] 83.3 100.2 83.2
Flax 30 AN* 90.4 99.0 85.4
Flax 30 CRU™ 88.5 93.7 84.5
Flax 90 AN 94.0 97.1 93.5
Flax 90 CRU 99.4 102.2 101.1
Pea 0 99.0 95.8 84.0
Pea 30 AN 99.1 97.9 92.7
Pea 30 CRU 100.4 97.3 84.3
Pea 90 AN 97.7 102.9 98.1
Pea 90 CRU 103.9 96.7 98.4
LSD (P=0.05) 10.5 ns 74
Stubble
Flax 91.1 98.4 89.5
Pea 100.0 98.1 915
L.SD (P=0.05) ns ns ns
N Applied (kg ha™")
0 91.1 98.0 83.6
30 AN 94.7 98.4 89.1
30 CRU 94.4 95.5 84.4
90 AN 95.9 100.0 95.8
90 CRU 101.7 99.4 99.7
: LSD (P=0.05) 6.3 ns 5.2
ANOVA df Pr>F
Stubble (S) . 1 0.12 0.82 0.33
N Applied (kg ha™") (N) 4 0.0308 0.22 <0.0001
N*S 4 0.28 0.0328 0.33
Contrasts
Peavs FlaxatON 0.0049 0.12 0.82
Pea vs Flax at 30 N 0.0085 0.53 0.17
Peavs Flaxat90 N 0.26 0.94 0.73
AN vs CRU 0.21 0.22 0.83
ANvs CRU-30Nvs 90N 0.16 0.4 0.0244
ONvs30N 0.2 0.55 0.17
30N vs 90 N 0.0647 0.0625 <0.0001
Peavs Flax-ONvs 30 N 0.31 0.11 0.54
PeavsFlax-30Nvs 90 N ' 0.17 0.7 0.47
Peaat30 Nvs Flax90 N 0.41 0.32 0.0018
PeaatONvsFlaxat30 N 0.0412 0.82 0.76
PeaatONvs Flaxat 90 N 0.61 0.13 0.0002
C.V. (%) 6.4 4.0 5.6
* Ammonium nitrate
** Controlled-release urea
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Table N.8. Dough extensibility at point of dough rupture (E) at the
Swift Current-00 and Swift Current-01 sites.

Treatment Year
Stubble "('kgp::_?)d 2000 2001
) -—Extensibility (mm)-—
Durum 34 73.9 97.6
Durum 50 88.3 96.3
Durum 78 86.5 106.0
Pea 34 89.8 107.7
Pea 50 95.6 108.9
Pea 78 103.1 103.0
LSD (P=0.05) 12.6 ns
Stubble
Durum 84.0 100.0
Pea 96.2 106.5
LSD (P=0.05) 8.5 ns
N Applied (kg ha™")
34 83.4 102.7
50 91.9 102.6
78 94.8 104.5
LSD (P=0.05) 8.5 ns
ANOVA df Pr>F
Stubble (S) 1 0.0009 0.0519
N Applied (kg ha™) 2 0.0128 0.85
N*S 2 0.38 0.12
Contrasts
Pea vs Durum at 34N 0.0148 0.0788
Pea vs Durum at 50N 0.1634 0.0337
Pea vs Durum at 78N 0.0061 0.57
34 Nvs50N 0.0193 0.99
50Nvs 78 N 0.42 0.62
34Nvs 78N 0.0048 0.63
Pea vs Durum - 34 N vs 50 N 0.27 0.74
Pea vs Durum -50Nvs 78 N 0.21 0.0571
Durum at 50 Nvs Pea at 34 N 0.77 - 0.0512
Durum at 78 N vs Pea at 50 N 0.0917 0.59
Durum at 78 Nvs Pea at 34 N 0.52 0.76

C.V. (%) 6.6 6.2




Table N.9. Ratio of Rmax to Eg,ay at the Carman-00, Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N Appl|_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
Flax 0 0.44 0.39 0.46
Flax 30 AN* 0.41 0.40 0.46
Flax 30 CRU** 0.39 0.40 0.43
Flax 90 AN 0.42 0.40 0.36
Flax 90 CRU 0.37 0.39 0.32
Pea 0 0.35 0.41 0.45
Pea 30 AN 0.37 0.40 0.38
Pea 30 CRU 0.37 0.41 0.44
Pea 90 AN 0.40 0.40 0.33
Pea 90 CRU 0.36 0.42 0.37
LSD (P=0.05) ns ns 0.06
Stubble
Flax 0.41 0.40 0.41
Pea 0.37 0.41 0.39
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
0 0.39 0.40 0.45
30 AN 0.39 0.40 0.42
30 CRU 0.38 0.41 0.44
90 AN 0.41 0.40 0.34
90 CRU 0.36 0.40 0.35
LSD (P=0.05) ns ns 0.04
ANOVA df Pr>F
Stubble (S) 1 0.12 0.21 0.61
N Applied (kg ha™®) (N) 4 0.32 0.99 <0.0001
N*S 4 0.49 0.86 0.0198
Contrasts
Peavs FlaxatO N 0.0136 0.32 0.73
Pea vs Flaxat 30 N 0.16 0.64 0.11
Pea vs Flax at 90 N 0.47 0.27 05
AN vs CRU 0.0725 0.58 0.52
ANvs CRU-30Nvs 90N 0.27 0.91 0.58
ONvs30N 0.67 1 0.17
30Nvs 90 N 0.94 1 <0.0001
Peavs Flax-0ONvs 30 N 0.19 0.59 0.48
Peavs Flax- 30 Nvs 90 N 0.6 0.66 0.0898
Pea at 30 N vs Flax 90 N 0.26 0.43 0.0009
PeaatONvs Flaxat30 N 0.0799 0.44 0.96
PeaatONvs Flaxat 90 N 0.13 0.31 0.0001
C.V. (%) 12.1 7.8 9.5

* Ammonium nitrate

** Controlled-release urea
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Table N.10. Ratio of Rmax to Egpay at the Swift Current-00 and Swift
Current-01 sites.
Treatment Year
Stubble '\('k'gp::_?;’ 2000 2001
Durum 34 0.45 0.28
Durum 50 0.37 0.30
Durum 78 0.37 0.27
Pea 34 0.36 0.23
Pea 50 0.32 0.26
Pea 78 0.29 0.26
LSD (P=0.05) 0.07 ns
Stubble
Durum 0.39 0.29
Pea 0.32 0.25
LSD (P=0.05) 0.04 ns
N Applied (kg ha™)
34 _ 0.40 0.26
50 0.35 0.28
p 78 0.33 0.27
LSD (P=0.05) 0.05 ns
ANOVA df Pr>F
Stubble (S) 1 0.0021 0.0528
N Applied (kg ha™") 2 0.0219 0.54
N*S 2 0.49 0.72
Contrasts
Pea vs Durum at 34N 0.0155 0.14
Pea vs Durum at 50N 0.19 0.14
Pea vs Durum at 78N 0.0246 0.58
34 Nvs 50 N 0.023 0.29
50Nvs 78 N 0.6 0.49
34 Nvs 78N 0.0093 0.7
Pea vs Durum-34 Nvs 50 N 0.26 1
Pea vs Durum - 50 N vs 78 N 0.42 0.49
Durum at 50 Nvs Pea at 34 N 0.75 0.0356
Durum at 78 N vs Pea at 50 N 0.13 0.58
Durum at 78 Nvs Pea at 34 N 0.6 0.2
C.V. (%) 10.6 13.6




Table N.11. Ratio of Rmax to E at the Carman-00, Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
Flax 0 0.40 0.36 0.42
Flax 30 AN* 0.38 0.36 0.42
Flax 30 CRU** 0.36 0.37 0.40
Flax 90 AN 0.40 0.37 0.33
Flax 90 CRU 0.34 0.36 0.29
Pea 0 0.33 0.39 0.42
Pea 30 AN 0.35 0.37 0.35
Pea 30 CRU 0.35 0.38 0.41
Pea 90 AN 0.38 0.36 0.30
Pea 90 CRU 0.34 0.39 0.34
LSD (P=0.05) ns ns 0.05
Stubble
Flax 0.38 0.37 0.37
Pea 0.35 0.38 0.36
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
0 0.37 0.37 0.42
30 AN 0.36 0.37 0.38
30 CRU 0.35 0.38 0.40
90 AN 0.39 0.37 0.32
90 CRU 0.34 0.38 0.31
LSD (P=0.05) ns ns 0.04
ANOVA df Pr>F
Stubble (S) 1 0.17 0.29 0.7
N Applied (kg ha™) (N) 4 0.34 0.97 <0.0001
N*S 4 0.48 0.79 0.0255
Contrasts
Peavs FlaxatO N 0.0195 0.31 1
Peavs Flaxat 30 N 0.24 0.75 0.14
Pea vs Flax at 90 N 0.65 0.38 0.56
AN vs CRU 0.0901 0.53 0.49
ANvs CRU-30Nvs 90N 0.25 0.86 0.44
ONvs30N 0.67 0.93 0.15
30Nvs 90N 0.71 0.86 <0.0001
Peavs Flax-ONvs 30 N 0.18 0.52 0.36
Peavs Flax-30Nvs 90 N 0.6 0.69 0.13
Pea at 30 Nvs Flax 90 N 0.29 0.47 0.0011
PeaatONvsFlaxat 30 N 0.12 0.43 0.71
Pea at O N vs Flax at 90 N 0.14 0.27 <0.0001
C.V. (%) 11.9 8.3 9.8

* Ammonium nitrate

** Controlled-release urea




Table N.12. Ratio of Rmax to E at the Swift Current-00 and Swift Current-01

sites.
Treatment Year
Stubble '\('k/;p::_?)d 2000 2001
Durum 34 0.39 0.26
Durum 50 0.33 0.28
Durum 78 0.34 0.25
Pea 34 0.33 0.22
Pea 50 0.29 0.24
Pea 78 0.27 0.24
LSD (P=0.05) 0.07 ns
Stubble
Durum 0.35 0.26
Pea 0.30 0.23
LSD (P=0.05) 0.04 ns
N Applied (kg ha™)
34 0.35 0.24
50 0.31 0.26
78 0.31 0.24
LSD (P=0.05) ns ns
ANOVA df Pr>F
Stubble (S) 1 0.0047 0.0542
N Applied (kg ha™") 2 0.0607 0.67
N*S 2 0.62 0.71
Contrasts
Pea vs Durum at 34N 0.0515 0.11
Pea vs Durum at 50N 0.22 0.19
Pea vs Durum at 78N 0.0238 0.57
34 Nvs 50 N 0.039 0.39
50Nvs78 N 0.93 0.58
34Nvs78N 0.0339 0.75
Peavs Durum-34 Nvs 50 N 047 0.81
Pea vs Durum - 50 N vs 78 N 0.37 0.58
Durum at 50 N vs Pea at 34 N 0.91 0.0487
Durum at 78 N vs Pea at 50 N 0.0831 0.57
Durum at 78 N vs Pea at 34 N 0.49 0.19
C.V. (%) 10.6 14.3
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8.15. APPENDIX O — ANALYSIS OF VARIANCE, LSDs, AND CONTRASTS
FOR THE EFFECTS OF PREVIOUS CROP AND FERTILIZER NITROGEN
TREATMENTS ON BAKING QUALITY ANALYSES AT THE CARMAN,
BRANDON, AND SWIFT CURRENT EXPERIMENTAL SITES




Table O.1. Farinograph absorption (%) at the Carman-00, Carman-01, and Brandon-01 sites.
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Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kg ha’)
Flax 0 61.1 61.3 60.3
Flax 30 AN* 62.7 61.4 60.0
Flax 30 CRU* 61.4 61.9 59.6
Flax 90 AN 63.5 61.7 63.6
Flax 90 CRU 63.1 61.8 63.5
Pea 0 63.4 62.4 60.0
Pea 30 AN 64.1 62.3 62.1
Pea 30 CRU 64.2 62.4 62.6
Pea 90 AN 64.5 62.2 65.4
Pea 90 CRU 65.1 62.6 64.7
LSD (P=0.05) 1.4 ns 1.8
Stubble
Flax 62.3 61.6 61.4
Pea 64.3 62.4 62.8
LSD (P=0.05) ns 0.4 ns
N Applied (kg ha™®)
0 62.2 61.8 60.2
30 AN 63.4 61.9 61.0
30 CRU 62.8 62.1 61.1
90 AN 64.0 62.0 64.3
90 CRU 64.1 62.2 64.1
LSD (P=0.05) 0.8 ns 0.9
ANOVA df Pr>F
Stubble (S) 1 0.0534 0.0029 0.11
N Applied (kg ha™") (N) 4 0.0003 0.74 <0.0001
N*S 4 0.18 0.87 0.0095
Contrasts
Peavs FlaxatO N 0.0024 0.0189 0.69
Pea vs Flax at 30 N 0.0002 0.0419 <0.0001
Peavs Flaxat 90 N 0.0055 0.0322 0.0095
AN vs CRU 0.41 0.27 0.56
ANvs CRU-30Nvs 90N 0.24 0.85 0.43
ONvs30N 0.0191 0.56 0.0154
30Nvs90N 0.0027 0.81 <0.0001
Peavs Flax-ONvs30 N 0.75 0.45 0.0006
Peavs Flax-30 Nvs 90 N 0.28 0.93 0.13
Peaat30 Nvs Flax 90 N 0.0893 0.0543 0.0391
Peaat O Nvs Flaxat 30 N 0.032 0.0713 0.79
Pea at O N vs Flax at 90 N 0.84 0.0868 <0.0001
C.V. (%) 1.3 1.0 1.3

* Ammonium nitrate

** Controlled-release urea




Table 0.2. Farinograph absorption (%) at the Swift Current-00 and Swift

Current-01 sites.

Treatment Year
Stubble '\('k'gp::.?;' 2000 2001
Durum 34 58.2 60.6
Durum 50 59.5 60.7
Durum 78 61.1 62.7
Pea 34 61.2 63.3
Pea 50 62.1 63.2
Pea 78 61.9 62.6
LSD (P=0.05) 1.1 1.9
Stubble
Durum 59.6 61.3
Pea 61.7 63.0
LSD (P=0.05) 0.7 1.1
N Applied (kg ha™")
34 59.7 61.9
50 60.8 61.9
78 61.5 62.6
LSD (P=0.05) 0.8 ns
ANOVA df Pr>F
Stubble (S) 1 <0.0001 0.0048
N Applied (kg ha™) 2 0.0014 0.45
N*S 2 0.034 0.0716
Contrasts
Pea vs Durum at 34N <0.0001 <0.0001
Pea vs Durum at 50N 0.0004 0.0006
Pea vs Durum at 78N 0.13 0.8
34 Nvs 50 N - 0.012 0.99
50Nvs 78 N 0.0845 0.28
34 Nvs78 N 0.0004 0.28
Pea vs Durum - 34 N vs 50 N 0.54 0.8
Pea vs Durum-50 Nvs 78 N 0.0449 0.0586
Durum at 50 N vs Pea at 34 N 0.0081 0.0101
Durum at 78 N vs Pea at 50 N 0.0817 0.58
Durum at 78 N vs Pea at 34 N 0.8 0.46
C.V. (%) 1.1 1.7




Table 0.3. GRL Mixer dough mixing time (min) at the Carman-00, Carman-01, and

Brandon-01 sites.

Treatment Site
Stubble N Apph_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
Flax 0 8.0 8.2 7.7
Flax 30 AN* 7.9 8.0 7.4
Flax 30 CRU** 7.9 8.0 7.7
Flax 90 AN 7.8 8.0 6.9
Flax 90 CRU 7.8 7.9 6.8
Pea 0 7.5 7.7 7.5
Pea 30 AN 7.6 8.0 6.8
Pea 30 CRU 7.9 8.1 7.3
Pea 90 AN 7.7 7.8 6.5
Pea 90 CRU 7.7 8.0 6.8
LSD (P=0.05) ns ns 0.6
Stubble
Flax 7.9 8.0 7.3
Pea 7.7 7.9 7.0
LSD (P=0.05) ns ns 0.3
N Applied (kg ha™)
0 7.7 7.9 7.6
30 AN 7.8 8.0 7.1
30 CRU 7.9 8.0 75
90 AN 7.7 7.9 6.7
90 CRU 7.7 8.0 6.8
LSD (P=0.05) ns ns 0.5
ANOVA Pr>F
Stubble (S) 0.33 0.13 0.0332
N Applied (kg ha®) (N) 0.74 0.95 0.001
N*S 0.28 0.28 0.7
Contrasts
Peavs FlaxatO N 0.019 0.0288 051
Pea vs Flaxat 30 N 0.34 0.7 0.0236
Pea vs Flaxat 90 N 0.72 0.82 0.39
AN vs CRU 0.62 0.54 0.14
ANvs CRU-30Nvs90N 0.62 0.92 0.38
ONvs30N 0.28 0.64 0.11
30Nvs 90 N 0.36 0.68 0.0017
Peavs Flax-ONvs 30N 0.1 0.0555 0.42
Peavs Flax-30 Nvs 90 N 0.62 0.68 0.34
Pea at 30 N vs Flax 90 N 0.93 0.7 0.33
Pea at O N vs Flax at 30 N 0.0179 0.14 0.89
Pea at O N vs Flaxat 90 N 0.0829 0.14 0.014
C.V. (%) 3.2 4.2 6.2

* Ammonium nitrate
** Controlled-release urea




Table 0.4. GRL Mixer dough mixing time (min) at the Swift Current-00 and
Swift Current-01 sites.

Treatment Year
Stubble '\('k'gp::f)d 2000 2001
Durum 34 9.3 6.7
Durum 50 8.4 6.6
Durum 78 8.0 6.5
Pea 34 8.1 6.4
Pea 50 7.8 6.5
Pea 78 7.9 6.1
LSD (P=0.05) ns ns
Stubble
Durum 8.6 6.6
Pea 7.9 6.3
LSD (P=0.05) 0.5 ns
N Applied (kg ha™)
34 8.7 6.5
50 8.1 6.6
78 7.9 6.3
LSD (P=0.05) ns ns
ANOVA df Pr>F
Stubble (S) 1 0.0206 0.25
N Applied (kg ha™) 2 0.0519 0.56
N*S 2 0.24 0.8
Contrasts
Pea vs Durum at 34N 0.0142 0.42
Pea vs Durum at 50N 0.18 0.87
Pea vs Durum at 78N 0.76 0.29
34 Nvs 50 N 0.0538 0.91
50Nvs78 N 0.66 0.33
34 Nvs78N 0.0238 0.39
Pea vs Durum - 34 Nvs 50 N 0.33 0.64
Pea vs Durum - 50 Nvs 78 N 0.45 0.52
Durum at 50 N vs Pea at 34 N 0.54 0.57
Durum at 78 N vs Pea at 50 N 0.59 0.93
Durum at 78 N vs Pea at 34 N 0.82 0.74
C.V. (%) 6.2 7.4
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Table 0.5. GRL Mixer work input (Whr kg'") at the Carman-00, Carman-01, and Brandon-01
sites.
Treatment Site
Stubble N Apph_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
Flax 0 15.2 17.2 15.0
Flax 30 AN* 14.9 16.5 14.7
Flax 30 CRU*™ 15.2 16.7 15.3
Flax 90 AN 15.3 17.0 14.6
Flax 90 CRU 15.6 16.6 14.4
Pea 0 14.8 16.5 15.4
Pea 30 AN 15.3 16.3 14.2
Pea 30 CRU 15.9 17.5 14.7
Pea 90 AN 15.5 15.9 13.7
Pea 90 CRU 15.7 16.4 14.9
LSD (P=0.05) ns ns ns
Stubble
Flax 15.2 16.8 14.8
Pea 15.4 16.5 14.6
LSD (P=0.05) ns ns ns
N Applied (kg ha”)
0 15.0 16.9 15.2
30 AN 15.1 16.4 14.5
30 CRU 155 17.1 15.0
90 AN 15.4 16.4 14.2
90 CRU 15.6 16.5 146
LSD (P=0.05) ns ns ns
ANOVA df Pr>F
Stubble (S) 1 0.54 0.27 0.51
N Applied (kg ha™") (N) 4 0.64 0.37 0.41
N*S 4 0.82 0.26 0.66
Contrasts
PeavsFlaxatON 0.59 0.24 0.67
Peavs Flaxat 30 N 0.24 0.45 0.29
Peavs Flaxat 90 N 0.79 0.13 0.79
AN vs CRU 0.32 0.2 0.22
ANvs CRU-30Nvs 90N 0.82 0.31 0.97
ONvs 30N 0.43 0.77 0.33
30Nvs 90 N 0.62 0.33 0.43
Peavs Flax-ONvs 30 N 0.26 0.17 0.36
Peavs Flax-30Nvs 90N 0.51 0.12 0.61
Peaat30 Nvs Flax90 N 0.7 0.75 0.94
PeaatONvs Flaxat 30 N 0.71 0.87 0.58
PeaatONvsFlaxat90 N 0.3 0.6 0.18
C.V. (%) 5.9 5.2 7.6
* Ammonium nitrate
** Controlled-release urea




Table 0.6. GRL Mixer work input (Whr kg'™*) at the Swift Current-00 and
Swift Current-01 sites.

Treatment Year
Stubble '\('k'gpif’:.?;' 2000 2001
Durum 34 15.2 13.7
Durum 50 14.1 13.6
Durum .78 14.2 13.7
Pea 34 14.8 13.1
Pea 50 14.4 14.5
Pea 78 14.9 13.1
L.SD (P=0.05) ns ns
Stubble
Durum 145 13.6
Pea 14.7 13.6
LSD (P=0.05) ns ns
N Applied (kg ha™")
34 15.0 13.4
50 14.2 14.0
78 14.6 13.4
LSD (P=0.05) ns ns
ANOVA df Pr>F
Stubble (S) 1 0.74 ' 0.88
N Applied (kg ha™) 2 0.48 0.47
N*S 2 0.69 0.35
Contrasts
Pea vs Durum at 34N 0.64 0.54
Pea vs Durum at 50N 0.75 0.28
Pea vs Durum at 78N 0.48 0.46
34Nvs50N 0.24 0.3
50Nvs 78N 0.6 0.29
34Nvs78N 0.5 0.99
Pea vs Durum - 34 Nvs 50 N 0.58 0.23
Pea vs Durum-50Nvs 78 N 0.78 0.2
Durum at 50 N vs Pea at 34 N 0.43 0.62
Durum at 78 N vs Pea at 50 N 0.89 0.35
Durum at 78 N vs Pea at 34 N 0.54 0.5
C.V. (%) 7.6 7.6
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Table 0.7. Loaf Volume (cm3) at the Carman-00, Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
Flax 0 1134 1174 1118
Flax 30 AN* 1134 1186 1062
Flax 30 CRU** 1132 1184 1101
Flax 90 AN 1214 1242 1184
Flax 90CRU 1210 1173 1176
Pea 0 1180 1186 1104
Pea 30 AN 1195 1226 1156
Pea 30 CRU 1214 1190 1161
Pea 90 AN 1227 1208 1208
Pea 90 CRU 1241 1219 1228
LSD (P=0.05) 43 ns 52
Stubble ’
Flax 1165 1192 1128
Pea 1211 1206 1169
LSD (P=0.05) 19 ns 19
N Applied (kg ha™)
0 1157 1180 1111
30 AN 1164 1206 1109
30 CRU 1173 1187 1131
90 AN 1221 1225 1194
90 CRU 1226 1196 1202
LSD (P=0.05) 29 ns 64
ANOVA df Pr>F
Stubble (S) 1 0.0308 0.0805 0.0366
N Applied (kg ha™") (N) 4 <0.0001 0.17 <0.0001
N*S 4 0.18 0.25 0.0342
Contrasts
Peavs Flaxat O N 0.037 0.66 0.54
Peavs Flaxat30 N <0.0001 0.22 <0.0001
Pea vs Flax at 90 N 0.14 0.73 0.032
AN vs CRU 0.52 0.0804 0.28
ANvs CRU-30Nvs 90N 0.87 0.69 0.46
ONvs30N 0.35 0.32 0.53
30Nvs 90 N <0.0001 0.31 <0.0001
Peavs Flax-ONvs 30 N 0.32 0.73 0.0033
Peavs Flax-30 Nvs 90 N 0.023 0.54 0.12
Pea at 30 N vs Flax 90 N 0.61 0.98 0.19
PeaatONvs Flaxat 30 N 0.0159 0.99 0.27
Peaat 0 Nvs Flaxat 90 N 0.089 0.33 0.0008
C.V. (%) 2.4 3.1 2.8
* Ammonium nitrate
** Controlled-release urea
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Table 0.8. Loaf Volume (cma) at the Swift Current-00 and Swift Current-01
sites.
Treatment Year
Stubble "(lkgpr:’:_?)d 2000 2001
Durum 34 850 1191
Durum 50 950 1239
Durum 78 1000 1313
Pea 34 960 1258
Pea 50 1019 1337
Pea 78 1036 1288
LSD (P=0.05) 93 ns
Stubble
Durum 933 1248
Pea 1005 1294
LSD (P=0.05) 54 ns
N Applied (kg ha™)
34 905 1224
50 985 1288
78 1018 1300
LSD (P=0.05) 66 ns
ANOVA df Pr>F
Stubble (S) 1 0.0132 0.12
N Applied (kg ha™") 2 0.0081 0.093
N*S 2 0.49 0.21
Contrasts
Pea vs Durum at 34N 0.0243 0.19
Pea vs Durum at 50N 0.13 0.0646
Pea vs Durum at 78N 0.42 0.6
34 Nvs50N 0.0218 0.0844
50Nvs78 N 0.29 0.72
34Nvs78N 4 0.0028 0.044
Peavs Durum-34 Nvs 50 N 0.51 0.66
Peavs Durum -50 Nvs 78 N 0.59 0.0938
Durum at 50 N vs Pea at 34 N 0.82 0.71
Durum at 78 N vs Pea at 50 N 0.66 0.64
Durum at 78 Nvs Peaat 34 N 0.37 0.27
C.V. (%) 5.4 4.6




Table 0.9. Loaf volume per unit flour protein content at the Carman-00, Carman-01,

and Brandon-01 sites.
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Treatment Site
Stubble N Apphfd Carman-00 Carman-01 Brandon-01
(kgha™)
Flax 0 89.9 72.2 83.1
Flax 30 AN* 83.8 73.3 814
Flax 30 CRU** 87.0 73.2 84.2
Flax 90 AN 81.1 74.8 81.1
Flax 90 CRU 81.7 70.7 76.9
Pea 0 80.9 73.7 81.6
Pea 30 AN 77.4 741 81.8
Pea 30 CRU 80.3 72.7 825
Pea 90 AN 77.2 735 74.2
Pea 90 CRU 76.8 727 771
LSD (P=0.05) 4.8 ns 4.4
Stubble
Flax 84.7 72.9 81.3
Pea 78.5 73.3 79.7
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
0 85.4 73.0 82.3
30 AN 80.6 73.7 81.6
30 CRU 83.7 73.0 83.3
90 AN 79.2 74.2 78.2
90 CRU 79.3 71.7 77.0
L.8SD (P=0.05) 2.9 ns 3.4
ANOVA df Pr>F
Stubble (S) 1 0.05 0.57 0.3
N Applied (kg ha™) (N) 4 0.0003 0.55 0.0005
N*S 4 0.43 0.79 0.19
Contrasts
Peavs FlaxatON 0.0007 0.49 0.48
Peavs Flaxat 30 N 0.0005 0.93 0.69
Pea vs Flaxat 90 N 0.0141 0.84 0.0694
AN vs CRU 0.12 0.15 0.68
ANvs CRU-30Nvs 90N 0.15 0.41 0.21
ONvs30N 0.0113 0.79 0.92
30Nvs 90N 0.0067 0.72 <0.0001
Peavs Flax-ONvs 30 N 0.31 0.61 0.71
Pea vs Flax - 30 N vs 90 N 0.29 0.93 0.23
Pea at 30 N vs Flax 90 N 0.14 0.68 0.0498
PeaatONvsFlaxat30 N 0.0368 0.8 0.52
Pea at O Nvs Flax at 90 N 0.82 0.61 0.18
C.V. (%) 3.4 4.1 3.5

* Ammonium nitrate

** Controlled-release urea
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Table 0.10. Loaf volume per unit flour protein content at the Swift Current-00
and Swift Current-01 sites.

Treatment Year
Stubble '\('kgp::_?)d 2000 2001
Durum 34 88.8 87.3
Durum 50 88.1 89.3
Durum 78 82.9 83.0
Pea 34 85.5 80.9
Pea 50 82.8 82.5
Pea 78 75.1 85.0
LSD (P=0.05) 6.3 ns
Stubble
Durum 86.6 86.5
Pea 81.1 82.8
LSD (P=0.05) 3.6 3.3
N Applied (kg ha™")
34 87.1 84.1
50 85.5 85.9
78 79.0 84.0
LSD (P=0.05) 4.4 ns
ANOVA df Pr>F
Stubble (S) 1 0.0062 0.0286
N Applied (kg ha™) 2 0.0039 0.52
N*S 2 0.56 0.061
Contrasts
Pea vs Durum at 34N 0.26 0.031
Pea vs Durum at 50N 0.0901 0.0229
Pea vs Durum at 78N 0.0184 047
34Nvs50N 0.43 0.34
50Nvs 78 N 0.0074 0.32
34Nvs78N 0.0017 0.98
Pea vs Durum-34 Nvs 50 N 0.64 0.91
Peavs Durum-50Nvs 78 N 0.54 0.0355
Durum at 50 N vs Pea at 34 N 0.37 0.0072
Durum at 78 N vs Pea at 50 N 0.99 0.84
Durum at 78 N vs Pea at 34 N 0.38 0.42

C.V. (%) 4.2 3.8
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8.16. APPENDIX P — ANALYSIS OF VARIANCE, LSDs, AND CONTRASTS
FOR THE EFFECTS OF PREVIOUS CROP AND FERTILIZER NITROGEN
TREATMENTS ON PROTEIN QUALITY ANALYSES AT THE CARMAN,
BRANDON, AND SWIFT CURRENT EXPERIMENTAL SITES
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Table P.1. Quantity (% of flour) of 50% 1-propanol soluble protein at the Carman-00,
Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kg ha”)
Flax 0 8.25 10.29 8.36
Flax 30 AN* 9.18 10.19 8.11
Flax 30 CRU** 8.97 10.32 8.21
Flax 90 AN 10.18 10.37 9.38
Flax 90 CRU 10.10 10.48 9.39
Pea 0 9.99 10.41 8.21
Pea 30 AN 10.50 10.52 8.82
Pea 30 CRU 10.30 10.41 8.62
Pea 90 AN 10.84 10.56 9.89
Pea 90 CRU 10.99 10.39 10.21
LSD (P=0.05) 1.09 ns 0.64
Stubble
Flax 9.33 10.33 8.69
Pea 10.52 10.46 9.15
LSD (P=0.05) ns ns ns
N Applied (kg ha™")
0 9.12 10.35 8.29
30 AN 9.84 10.35 8.46
30 CRU 9.63 10.37 8.42
90 AN 10.51 10.46 9.63
90 CRU 10.54 10.43 9.80
LSD (P=0.05) 0.47 ns 0.37
ANOVA df Pr>F
Stubble (S) 1 0.13 0.32 0.2
N Applied (kg ha™") (N) 4 <0.0001 0.82 <0.0001
N*S 4 0.18 0.52 0.094
Contrasts
Peavs Flaxat O N 0.0028 0.51 0.64
Peavs Flaxat 30 N 0.0015 0.1 0.0183
Pea vs Flax at 90 N 0.0479 0.69 0.006
AN vs CRU 0.61 0.93 0.64
ANvs CRU-30Nvs 90 N 0.48 0.81 0.4
ONvs30N 0.005 0.96 0.33
30Nvs 90N <0.0001 0.29 <0.0001
Peavs Flax-0ONvs 30 N 0.3 0.65 0.03
Peavs Flax-30 Nvs 90 N 0.1 0.34 0.68
Peaat 30 N vs Flax 90 N 0.49 0.75 0.0056
PeaatONvs Flaxat 30 N 0.0547 0.3 0.85
Pea at 0 Nvs Flaxat 90 N 0.75 0.94 0.0002
C.V. (%) 4.6 2.3 4.0
* Ammonium nitrate
** Controlled-release urea
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Table P.2. Quantity (% of flour) of 50% 1-propanol soluble protein at the
Swift Current-00 and Swift Current-01 sites.

Treatment Year
Stubble "('k'gphp;'_?)d 2000 2001
Durum 34 6.36 8.90
Durum 50 7.29 9.29
Durum 78 8.19 10.10
Pea 34 7.39 9.81
Pea 50 8.27 10.23
Pea 78 9.36 9.75
LSD (P=0.05) 0.90 ns
Stubble
Durum 7.28 9.43
Pea 8.34 9.93
LSD (P=0.05) 0.52 ns
N Applied (kg ha™")
34 6.88 9.36
50 7.78 9.76
78 8.78 9.93
LSD (P=0.05) 0.64 ns
ANOVA df Pr>F
Stubble (S) 1 0.0008 0.0829
N Applied (kg ha™) 2 0.0001 0.24
N*S 2 0.94 0.11
Contrasts
Pea vs Durum at 34N 0.0145 0.0689
Pea vs Durum at 50N 0.028 0.0622
Pea vs Durum at 78N 0.0366 0.45
34 Nvs 50 N 0.0092 0.23
50Nvs 78 N 0.0052 0.62
34 Nvs78N <0.0001 0.1
Peavs Durum-34 Nvs 50 N 0.92 0.97
Peavs Durum-50Nvs 78 N 0.73 0.0682
Durum at 50 Nvs Pea at 34 N 0.82 0.28
Durum at 78 N vs Pea at 50 N 0.85 0.78
Durum at 78 Nvs Pea at 34 N 0.0781 0.54

C.V. (%) | 6.5 5.8




Table P.3. Quantity of 50% 1-propanol soluble protein as a percentage of total flour protein
at the Carman-00, Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N Appl[?d Carman-00 Carman-01 Brandon-01
(kg ha”™)
Flax 0 65.3 63.3 62.2
Flax 30 AN* 67.8 62.9 62.2
Flax 30 CRU** 68.6 63.7 62.7
Flax 90 AN 67.9 62.5 64.2
Flax 90 CRU 68.0 63.1 61.4
Pea 0 68.5 64.7 60.6
Pea 30 AN 67.9 63.6 62.3
Pea 30 CRU 68.1 63.6 61.2
Pea 90 AN 68.2 64.2 61.4
Pea 90 CRU 68.0 62.0 64.0
LSD (P=0.05) ns ns 2.2
Stubble
Flax 67.5 63.1 62.5
Pea 68.2 63.6 61.9
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
0 66.9 64.0 61.4
30 AN 67.9 63.2 62.2
30 CRU 68.3 63.7 62.0
90 AN 68.0 63.3 62.8
90 CRU 68.0 62.6 62.7
LSD (P=0.05) ns 1.0 ns
ANOVA Pr>F
Stubble (S) 1 0.75 0.27 0.25
N Applied (kg ha™) (N) 4 0.85 0.0806 0.39
N*S 4 0.65 0.0482 0.0187
Contrasts
Peavs FlaxatO N 0.16 0.0652 0.16
Peavs Flaxat 30 N 0.91 0.66 0.43
Pea vs Flaxat 90 N 0.92 0.59 0.87
AN vs CRU 0.84 0.64 0.71
ANvs CRU-30Nvs90N 0.79 0.11 0.88
ONvs30N 0.31 0.2 0.3
30Nvs 90 N 0.92 0.17 0.26
Peavs Flax-ONvs 30 N 0.15 0.19 0.48
Peavs Flax-30 Nvs 90 N 0.86 0.94 0.66
Pea at 30 Nvs Flax 90 N 0.97 0.15 0.2
Peaat O Nvs Flaxat 30 N 0.82 0.0352 0.0644
Pea at 0 N vs Flaxat 90 N 0.55 0.0048 0.0269
C.V. (%) 4.0 1.6 2.5

* Ammonium nitrate

** Controlled-release urea




Table P.4. Quantity of 50% 1-propanol soluble protein as a percentage of
total flour protein at the Swift Current-00 and Swift Current-01 sites.

Treatment Year
Stubble '\('k'gp::_?;j 2000 2001
Durum 34 66.4 65.1
Durum 50 67.5 66.9
Durum 78 67.8 63.9
Pea 34 65.9 63.1
Pea 50 67.2 63.2
Pea 78 67.7 64.3
LSD (P=0.05) ns ns
Stubble
Durum 67.3 65.3
Pea 66.9 63.5
LSD (P=0.05) ns ns
N Applied (kg ha™")
34 66.2 64.1
50 67.4 65.1
78 67.7 64.1
LSD (P=0.05) ns ns
ANOVA df Pr>F
Stubble (S) 1 0.76 0.18
N Applied (kg ha™) 2 0.51 0.77
N*S 2 0.99 0.42
Contrasts
Pea vs Durum at 34N 0.92 0.36
Pea vs Durum at 50N 0.78 0.11.
Pea vs Durum at 78N 0.87 0.85
34 Nvs50N 0.41 0.54
50Nvs78N 0.78 0.53
34 Nvs78 N 0.28 0.99
Pea vs Durum - 34 N vs 50 N 0.92 0.6
Peavs Durum-50Nvs 78 N 0.96 0.2
Durum at50 Nvs Peaat 34 N 0.43 0.1
Durum at 78 Nvs Pea at 50 N 0.75 0.76
Durum at 78 Nvs Pea at 34 N 0.34 0.71
C.V. (%) 3.5 4.1
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Table P.5. Quantity (% of flour) of 50% 1-propanol insoluble glutenin at the Carman-00,
Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Apph.?d Carman-00 Carman-01 Brandon-01
(kg ha™)
Flax 0 2.81 3.27 2.57
Flax 30 AN* 3.06 3.25 2.39
Flax 30 CRU™ 2.91 3.27 2.44
Flax 90 AN 3.51 3.30 2.71
Fiax 90 CRU 3.29 3.31 2.68
Pea 0 3.43 3.24 2.51
Pea 30 AN 353 3.32 2.50
Pea 30 CRU 3.51 3.33 2.54
Pea 90 AN 3.70 3.25 2.82
Pea 90 CRU 3.66 3.38 2.76
LSD (P=0.05) 0.36 ns 0.20
Stubble
Flax 3.12 3.28 2.56
Pea 3.57 3.30 2.62
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
0 3.12 3.25 2.54
30 AN 3.29 3.28 2.44
30 CRU 3.21 3.30 2.49
90 AN 3.61 3.27 2.76
90 CRU 3.47 3.34 2.72
LSD (P=0.05) 0.17 ns 0.12
ANOVA df Pr>F
Stubbie (S) 1 0.1 0.51 0.45
N Applied (kg ha™) (N) 4 <0.0001 0.52 <0.0001
N*S 4 0.0844 0.29 0.58
Contrasts
Peavs FlaxatO N 0.0014 0.35 0.58
Peavs Flaxat30 N 0.0002 0.96 0.15
PeavsFlaxat90 N 0.0315 0.83 0.18
AN vs CRU 0.073 0.19 0.93
ANvs CRU-30Nvs 90N 0.68 0.38 0.3
ONvs30N 0.0752 0.42 0.16
30Nvs 90 N <0.0001 0.74 <0.0001
Peavs Flax-ONvs 30 N 0.49 0.47 0.13
Pea vs Flax- 30 Nvs 90 N 0.043 0.91 0.93
Pea at 30 N vs Flax 90 N 0.37 0.91 0.0155
PeaatON vs Flaxat 30 N 0.007 0.25 0.26
Peaat 0 N vs Flaxat 90 N 0.83 0.31 0.0378
C.V. (%) 4.9 3.0 4.5
* Ammonium nitrate :
** Controlled-release urea




Table P.6. Quantity (% of flour) of 50% 1-propanol insoluble glutenin at the

Swift Current-00 and Swift Current-01 sites.

Treatment Year
Stubble '\('k';p::_?;' 2000 2001
Durum 34 1.99 2.50
Durum 50 2.25 2.61
Durum 78 2.60 2.87
Pea 34 2.20 2.73
Pea 50 2.46 2.87
Pea 78 2.85 2.69
LSD (P=0.05) 0.33 ns
Stubble
Durum 2.28 2.66
Pea 2.50 2.76
LSD (P=0.05) 0.19 ns
N Applied (kg ha™)
34 2.09 2.61
50 2.35 2.74
78 273 2.78
LSD (P=0.05) 0.24 ns
ANOVA df Pr>F
Stubble (S) 1 0.0263 0.23
N Applied (kg ha™) 2 0.0003 0.25
N*S 2 0.98 0.088
Contrasts
Pea vs Durum at 34N 0.13 0.14
Pea vs Durum at 50N 0.18 0.0911
Pea vs Durum at 78N 0.2 0.23
34 Nvs 50 N 0.0338 0.22
50Nvs 78 N 0.0049 0.7
34 Nvs78 N <0.0001 0.12
Pea vs Durum - 34 Nvs 50 N 0.95 0.87
Pea vs Durum -50 Nvs 78 N 0.86 0.0483
Durum at 50 N vs Pea at 34 N 0.77 0.44
Durum at 78 N vs Pea at 50 N 0.36 1
Durumat78 Nvs Pea at 34 N 0.023 0.32
C.V. (%) 7.9 6.4
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Table P.7. Quantity of 50% 1-propanol insoluble glutenin as a percentage of total flour protein
at the Carman-00, Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Apph_?d Carman-00 Carman-01 Brandon-01
(kg ha’)
Flax ] 22.2 20.1 19.1
Flax 30 AN* 226 20.1 18.3
Flax 30 CRU** 223 20.2 18.6
Flax 90 AN 234 19.9 18.5
Flax 90 CRU 22.1 19.9 17.5
Pea 0 235 20.1 18.5
Pea 30 AN 22.8 20.0 17.7
Pea 30 CRU 23.2 20.3 18.0
Pea 90 AN 23.3 19.8 17.5
Pea 90 CRU 22.6 20.1 17.3
L.SD (P=0.05) ns ns 0.9
Stubble
Flax 225 20.0 18.4
Pea 23.1 20.1 17.8
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
0 22.9 20.1 18.8
30 AN 22.7 20.0 18.0
30 CRU 227 20.3 18.3
90 AN 23.3 19.8 18.0
90 CRU 22.4 20.0 17.4
LSD (P=0.05) ns ns 0.7
ANOVA df Pr>F
Stubble (S) 1 0.44 0.95 0.0619
N Applied (kg ha™") (N) 4 0.28 0.19 0.0039
N*S 4 0.48 0.21 0.73
Contrasts
Peavs FlaxatO N 0.0839 0.28 0.24
Pea vs Flax at 30 N 0.3 0.42 0.0699
Peavs Flaxat90 N 0.72 0.86 0.0699
AN vs CRU 0.14 0.31 0.55
ANvs CRU-30Nvs 90 N 0.1 0.22 0.0493
ONvs30N 0.69 0.24 0.0232
30Nvs 90N 0.67 0.35 0.0685
Peavs Flax- 0 Nvs 30 N 0.3 0.17 0.91
Pea vs Flax-30 Nvs 90 N 0.55 0.47 1
Pea at 30 N vs Flax 90 N 0.65 0.74 0.59
Pea atO Nvs Flaxat 30 N 0.1 0.27 0.8
Pea at O Nvs Flaxat 90 N 0.24 0.0482 0.19
C.V. (%) 3.7 3.9 3.6
* Ammonium nitrate
** Controlled-release urea




Table P.8. Quantity of 50% 1-propanol insoluble glutenin as a percentage of
total flour protein at the Swift Current-00 and Swift Current-01 sites.

Treatment Year
Stubble '\('k'gp:a".?)d 2000 2001
Durum 34 20.7 18.3
Durum 50 20.9 18.8
Durum 78 215 18.2
Pea 34 19.6 17.6
Pea 50 19.9 17.7
Pea 78 20.6 17.8
LSD (P=0.05) ns ns
Stubble
Durum 21.0 18.4
Pea 20.1 17.7
LSD (P=0.05) ns ns
N Applied (kg ha™)
34 20.2 17.9
50 20.4 18.3
78 21.1 18.0
LSD (P=0.05) ns ns
ANOVA df Pr>F
Stubble (S) 1 0.15 0.0765
N Applied (kg ha™) 2 0.51 0.71
N*S 2 0.99 0.79
Contrasts
Pea vs Durum at 34N 0.44 0.31
Pea vs Durum at 50N 0.34 0.13
Pea vs Durum at 78N 0.42 0.52
34 Nvs 50N 0.74 0.46
50Nvs78 N 0.43 0.51
34 Nvs78N 0.27 0.94
Pea vs Durum - 34 Nvs 50 N 0.9 0.7
Pea vs Durum-50 Nvs 78 N 0.98 0.51
Durum at 50 N vs Pea at 34 N 0.27 0.0844
Durum at 78 N vs Pea at 50 N 0.18 0.52
Durum at 78 N vs Pea at 34 N 0.11 0.38
C.V. (%) 6.6 4.4
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Table P.9. Quantity (% of flour) of 50% 1-propanol insoluble residue protein at the
Carman-00, Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N Appll_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
Flax 0 1.58 2.70 2.53
Flax 30 AN* 1.32 2.76 2.56
Flax 30 CRU** 1.18 2.60 2.46
Flax 90 AN 1.31 2.93 252
Flax 90 CRU 1.45 2.81 3.27
Pea 0 1.16 2.44 2.82
Pea 30 AN 1.42 2.72 2.82
Pea 30 CRU 1.32 2.64 2.92
Pea 90 AN 1.35 2.65 3.41
Pea 90 CRU 1.51 3.00 2.98
LSD (P=0.05) ns ns 0.45
Stubble
Flax 1.37 2.76 2.67
Pea 1.35 2.69 2.99
LSD (P=0.05) ns ns 0.20
N Applied (kg ha™)
0 1.37 2.57 2.67
30 AN 1.37 2.74 2.69
30 CRU 1.25 2.62 2.69
90 AN 1.33 2.79 2.97
90 CRU 1.48 2.90 3.12
LSD (P=0.05) ns ns 0.32
ANOVA df Pr>F
Stubble (S) 1 0.97 0.5 0.045
N Applied (kg ha™®) (N) 4 0.92 0.0575 0.0193
N*S 4 0.79 0.0853 0.0147
Contrasts .
Peavs FlaxatO N 0.32 0.12 0.19
Pea vs Flax at 30 N 0.68 0.68 0.0284
Peavs Flaxat 90 N 0.86 0.75 0.0596
AN vs CRU 0.93 0.46 0.47
ANvs CRU-30Nvs 90 N 0.45 0.12 0.47
ONvs30N 0.77 0.2 0.92
30Nvs90N 0.58 0.11 0.0031
Peavs Flax- O Nvs 30 N 0.22 0.14 0.81
Peavs Flax- 30 Nvs 90 N 0.84 0.62 0.81
Pea at 30 Nvs Flax 90 N 0.97 0.27 0.85
Peaat O Nvs Flaxat 30 N 0.82 0.1 0.1
Pea at 0 N vs Flaxat 90 N 0.55 0.0061 0.69
C.V. (%) 36.8 10.7 10.9
* Ammonium nitrate
** Controlled-release urea




Table P.10. Quantity (% of flour) of 50% 1-propanol insoluble residue protein

at the Swift Current-00 and Swift Current-01 sites.

Treatment Year
Stubble "(’k'gp::.?)d 2000 2001
Durum 34 1.23 2.28
Durum 50 1.25 1.98
Durum 78 1.28 2.85
Pea 34 1.63 3.03
Pea 50 1.59 3.10
Pea 78 1.65 2.73
LSD (P=0.05) ns ns
Stubble
Durum 1.25 2.37
Pea 1.62 295
LSD (P=0.05) ns ns
N Applied (kg ha”)
34 1.43 2.66
50 1.42 2.54
78 1.46 2.79
LSD (P=0.05) ns ns
ANOVA df Pr>F
Stubble (S) 1 0.0921 0.0572
N Applied (kg ha™) 2 0.98 0.76
N*S 2 0.99 0.21
Contrasts
Pea vs Durum at 34N 0.3 0.14
Pea vs Durum at 50N 0.27 0.0376
Pea vs Durum at 78N 0.36 0.8
34 Nvs 50 N 0.97 0.73
50Nvs78N 0.86 0.43
34 Nvs78N 0.88 0.7
Pea vs Durum - 34 Nvs 50 N 0.89 0.6
Peavs Durum-50Nvs 78 N 0.93 0.0916
Durum at 50 Nvs Peaat 34 N 0.3 0.0484
Durum at 78 Nvs Pea at 50 N 0.4 0.62
Durum at 78 N vs Pea at 34 N 0.33 0.71
C.V. (%) 29.7 22.0




Table P.11. Quantity of 50% 1-propanol insoluble residue protein as a percentage of total flour

protein at the Carman-00, Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N Apph_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
Flax 0 12.5 16.6 18.7
Flax 30 AN* 9.6 17.0 19.6
Flax 30 CRU** 9.1 16.1 18.7
Flax 90 AN 8.7 17.7 17.2
Flax 90 CRU 9.9 16.9 211
Pea 0 7.9 15.1 20.9
Pea 30 AN 9.3 16.4 20.0
Pea 30 CRU 8.7 16.1 20.8
Pea 90 AN 8.5 16.1 21.2
Pea 90 CRU 9.3 17.9 18.7
LSD (P=0.05) ns ns 2.6
Stubble
Flax 10.0 16.9 19.1
Pea 8.8 16.3 20.3
LSD (P=0.05) ns ns ns
N Applied (kg ha™")
0 10.2 15.9 19.8
30 AN 9.4 16.7 19.8
30 CRU 8.9 16.1 19.7
90 AN 8.6 16.9 19.2
90 CRU 9.6 17.4 19.9
LSD (P=0.05) ns ns ns
ANOVA Pr>F
Stubble (S) 1 0.66 0.33 0.11
N Applied (kg ha™®) (N) 4 0.88 0.0883 0.95
N*S 4 0.62 0.0687 0.0201
Contrasts
Peavs FlaxatO N 0.12 0.0923 0.1
Pea vs Flax at 30 N 0.86 0.91 0.18
Peavs Flaxat 90 N 0.87 0.68 0.41
AN vs CRU 0.82 0.45 0.62
ANvs CRU-30Nvs 90N 0.52 0.12 0.56
ONvs30N 0.48 0.19 0.96
30Nvs 90 N 0.97 0.2 0.77
Peavs Flax-ONvs 30 N 0.15 0.16 0.55
Peavs Flax- 30 Nvs 90 N 0.99 0.71 0.71
Pea at 30 N vs Flax 90 N 0.88 0.28 0.2
Pea at O N vs Flax at 30 N 0.57 0.0627 0.12
PeaatO Nvs Flaxat90 N 0.58 0.0068 0.13
C.V. (%) 35.3 9.5 9.2

* Ammonium nitrate

** Controlled-release urea
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Table P.12. Quantity of 50% 1-propanol insoluble residue protein as a
percentage of total flour protein at the Swift Current-00 and Swift Current-01
sites.
Treatment Year
Stubble '\('k';p::.?;' 2000 2001
Durum 34 12.8 16.6
Durum 50 11.6 14.3
Durum 78 10.6 18.0
Pea 34 145 194
Pea 50 12.9 19.1
Pea 78 11.7 18.0
LSD (P=0.05) ns ns
Stubble
Durum 11.7 16.3
Pea 13.0 18.8
LSD (P=0.05) ns ns
N Applied (kg ha™)
34 13.7 18.0
50 12.2 16.7
78 11.2 18.0
LSD (P=0.05) ns ns
ANOVA df Pr>F
Stubble (S) 1 0.42 0.12
N Applied (kg ha™) 2 0.47 0.71
N*S 2 0.98 0.47
Contrasts
Pea vs Durum at 34N 0.7 0.32
Pea vs Durum at 50N 0.56 0.0951
Pea vs Durum at 78N ' 0.66 0.99
34Nvs50N 0.48 0.48
50Nvs78N 0.6 0.49
34Nvs78N 0.23 0.99
Pea vs Durum-34 Nvs 50 N 0.91 0.59
Peavs Durum-50Nvs 78 N 0.99 0.23
Durum at 50 N vs Pea at 34 N 0.33 0.0764
Durum at 78 N vs Pea at 50 N 0.44 0.69
Durum at 78 Nvs Pea at 34 N 0.19 0.6
C.V. (%) 27.7 18.4
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Table P.13. Quantity (% of flour) of 50% 1-propanol insoluble protein at the Carman-00,
Carman-01, and Brandon-01 sites.
Treatment Site
Stubble N App h.?d Carman-00 Carman-01 Brandon-01
(kg ha™)
Flax 0 4.39 5.96 5.09
Flax 30 AN* 4.37 6.01 4.94
Flax 30 CRU*™ 4.08 5.87 4.91
Flax 90 AN 4.82 6.23 5.23
Flax 90 CRU 4.74 6.12 5.95
Pea 0 4.60 5.69 5.33
Pea 30 AN 4.95 6.03 5.32
Pea 30 CRU 4.82 5.97 5.45
Pea 90 AN 5.06 5.90 6.23
Pea 90 CRU 5.17 6.38 5.74
LSD (P=0.05) 0.68 ns 0.50
Stubble
Flax 4.48 6.04 5.22
Pea 4,92 5.99 5.61
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
0 4.49 5.82 5.21
30 AN 4.66 6.02 5.13
30 CRU 4.45 5.92 5.18
90 AN 4.94 6.06 - 573
90 CRU 4.96 6.25 5.85
LSD (P=0.05) ns 0.26 0.34
ANOVA df Pr>F
Stubble (S) 1 0.0645 0.26 0.0799
N Applied (kg ha™") (N) 4 0.12 0.0309 0.0002
N*S 4 0.77 0.12 0.0174
Contrasts
Peavs FlaxatO N 0.53 0.13 0.34
Pea vs Flax at 30 N 0.0099 0.63 0.013
Peavs Flaxat90 N 0.17 0.77 0.0292
AN vs CRU 0.57 0.58 0.47
ANvs CRU-30Nvs 90N 0.5 0.11 0.76
ONvs30N 0.75 0.16 0.68
30Nvs 90 N 0.0274 0.2 <0.0001
Peavs Flax-ONvs 30 N 0.29 0.19 0.44
PeavsFlax-30 Nvs 90 N 0.34 0.93 0.79
Pea at 30 Nvs Flax 90 N 0.67 0.17 0.25
PeaatONvsFlaxat30 N 0.22 0.11 0.0652
Pea at 0 N vs Flaxat 90 N 0.53 0.0035 0.23
C.V. (%) 10.0 4.2 6.0
* Ammonium nitrate
** Controlled-release urea
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Table P.14. Quantity (% of flour) of 50% 1-propanol insoluble protein at the
Swift Current-00 and Swift Current-01 sites.
Treatment Year
Stubble '\(‘k';p::.?)d 2000 2001
Durum 34 3.88 4.78
Durum 50 3.21 4.59
Durum 78 3.50 5.73
Pea 34 4.50 5.76
Pea 50 3.83 5.97
Pea 78 4.04 5.42
LSD (P=0.05) 0.73 - ns
Stubble
Durum 3.53 5.03
Pea 4.12 5.72
LSD (P=0.05) 0.42 0.63
N Applied (kg ha™")
34 3.52 5.27
50 3.77 5.28
78 419 5.58
LSD (P=0.05) 0.52 ns
ANOVA df Pr>F
Stubble (S) 1 0.0103 0.0367
N Applied (kg ha™) 2 0.0462 0.64
"N*S 2 0.98 0.0856
Contrasts ,
Pea vs Durum at 34N 0.0909 0.0767
Pea vs Durum at 50N 0.0923 0.018
Pea vs Durum at 78N 0.14 0.56
34Nvs50N 0.31 0.97
B0Nvs78N 0.11 0.43
34Nvs78N -0.0159 0.41
Peavs Durum-34 Nvs 50 N 1 0.58
Peavs Durum-50Nvs 78 N 0.87 0.036
Durum at 50 N vs Pea at 34 N 0.0024 0.0392
Durum at 78 Nvs Peaat50 N 0.35 0.63
Durum at 78 Nvs Peaat 34 N 0.012 0.94
C.V. (%) 10.8 11.5




Table P.15. Quantity of 50% 1-propanol insoluble protein as a percentage of total fiour
protein at the Carman-00, Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N Ap p"_?d Carman-00 Carman-01 Brandon-01
(kg ha™)
Flax 0 34.7 36.7 37.8
Flax 30 AN* 32.2 371 37.8
Flax 30 CRU** 314 36.3 37.3
Flax 90 AN 32.1 375 35.8
Flax 90 CRU 32.0 36.9 38.6
Pea 0 315 35.3 394
Pea 30 AN 32.1 36.4 37.7
Pea 30 CRU 319 36.4 38.8
Pea 90 AN 31.8 35.8 38.6
Pea 90 CRU 32.0 38.0 36.0
LSD (P=0.05) ns 1.5 2.2
Stubble
Fiax 325 36.9 375
Pea 318 36.4 38.1
LSD (P=0.05) ns ns ns
N Applied (kg ha™")
0 33.1 36.0 38.6
30 AN 32.1 36.8 37.8
30 CRU 317 36.3 38.0
90 AN 32.0 36.7 37.2
90 CRU 32.0 374 37.3
L.SD (P=0.05) ns ns ns
ANOVA Pr>F
Stubble (S) 1 0.76 0.27 0.25
N Applied (kg ha™') (N) 4 0.86 0.0806 0.39
N*S 4 . 0.65 0.0482 0.0187
Contrasts
Peavs FlaxatON 0.16 0.0652 0.16
Peavs Flaxat 30 N 0.91 0.66 0.43
Peavs Flax at 90 N 0.92 0.59 0.87
AN vs CRU 0.83 0.64 0.71
ANvs CRU-30Nvs 90N 0.8 0.11 0.88
ONvs30N 0.31 0.2 0.3
30Nvs 90 N 0.92 0.17 0.26
PeavsFlax-ONvs 30 N 0.15 0.19 0.48
Peavs Flax- 30 Nvs 90 N 0.86 0.94 0.66
Pea at 30 N vs Flax 90 N 0.96 0.15 0.2
Pea at O N vs Flax at 30 N 0.87 0.0352 0.0644
Pea at O N vs Flaxat90 N 0.76 0.0048 0.0269
C.V. (%) 8.4 2.7 4.1

* Ammonium nitrate

** Controlled-release urea




Table P.16. Quantity of 50% 1-propanol insoluble protein as a percentage
of total flour protein at the Swift Current-00 and Swift Current-01 sites.

Treatment Year
Stubble '\('k';plz'_?)d 2000 2001
Durum 34 32.2 34.9
Durum 50 33.6 33.1
Durum 78 325 36.1
Pea 34 323 36.9
Pea 50 341 36.8
Pea 78 32.8 35.7
LSD (P=0.05) ns ns
Stubble
Durum 32.7 34.7
Pea 33.1 36.5
LSD (P=0.05) ns ns
N Applied (kg ha™)
34 33.8 35.9
50 32.6 34.9
78 32.3 35.9
LSD (P=0.05) ns ns
ANOVA df Pr>F
Stubble (S) 1 0.76 0.18
N Applied (kg ha™) 2 0.51 0.77
N*S 2 0.99 0.42
Contrasts
Pea vs Durum at 34N 0.92 0.36
Pea vs Durum at 50N 0.78 0.11
Pea vs Durum at 78N 0.87 0.85
34 Nvs50N 0.4 0.54
50Nvs 78 N 0.78 0.53
34 Nvs78 N 0.27 0.99
Pea vs Durum - 34 Nvs 50 N 0.9 0.6
Peavs Durum-50Nvs 78 N 0.93 0.2
Durum at 50 N vs Pea at 34 N 0.55 0.1
Durum at 78 Nvs Pea at 50 N 0.42 0.76
Durum at 78 N vs Pea at 34 N 0.94 0.71
C.V. (%) 7.2 7.3




Table P.17. Ratio of 50% 1-propanol soluble protein to 50% 1-propanol insoluble protein

at the Carman-00, Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N Appll-?d Carman-00 Carman-01 Brandon-01
(kgha’)
Flax 0 2.94 3.15 3.27
Flax 30 AN* 3.00 3.14 3.40
Flax 30 CRU** 3.08 3.16 3.36
Flax 90 AN 2.90 3.14 3.46
Flax 90 CRU 3.08 3.17 3.51
Pea 0 2.91 3.21 3.27
Pea 30 AN 2.98 3.17 3.53
Pea 30 CRU 2.94 3.13 3.41
Pea 90 AN 293 3.25 3.51
Pea 90 CRU 3.01 3.08 3.69
LSD (P=0.05) 0.16 ns 0.19
Stubble
Flax 3.00 3.15 3.40
Pea 2.95 3.17 3.48
LSD (P=0.05) ns ns ns
N Applied (kg ha™")
0 2.93 3.18 3.27
30 AN 2.99 3.16 3.46
30 CRU 3.01 3.14 3.39
90 AN 2.9 3.20 3.49
90 CRU 3.04 3.12 3.60
LSD (P=0.05) ns ns 0.14
ANOVA df Pr>F
Stubble (S) 1 0.42 0.7 0.0933
N Applied (kg ha™) (N) 4 0.0808 0.44 0.0006
N*S 4 0.54 0.6 0.66
Contrasts
Peavs Flaxat O N 0.7 0.72 0.96
Peavs Flax at 30 N 0.15 0.25 0.19
Pea vs Flax at 90 N 0.64 0.87 0.0812
AN vs CRU 0.0514 0.22 0.72
ANvs CRU-30Nvs 90N 0.13 0.48 0.051
ONvs30N 0.1 0.41 0.0112
30N vs 90 N 0.52 0.57 0.0159
PeavsFlax-O0Nvs 30N 0.55 0.29 0.48
Pea vs Flax - 30 N vs 90 N 0.44 0.43 0.75
Pea at 30 N vs Flax 90 N 0.58 0.77 0.77
Pea at O Nvs Flaxat 30 N 0.0658 0.79 0.17
Pea at 0 N vs Flaxat 90 N 0.26 0.34 0.0109
C.V. (%) 3.4 3.0 3.8

* Ammonium nitrate

** Controlled-release urea




Table P.18. Ratio of 50% 1-propanol soluble protein to 50% 1-propanol
insoluble protein of total flour protein at the Swift Current-00 and Swift

Current-01 sites.

Treatment Year
Stubble '\('k';p::_?)d 2000 2001
Durum 34 3.21 3.56
Durum 50 3.24 3.56
Durum 78 3.16 3.52
Pea 34 3.36 3.60
Pea 50 3.37 3.56
Pea 78 3.28 3.62
LSD (P=0.05) ns ns
Stubble
Durum 3.20 3.55
Pea 3.34 3.59
LSD (P=0.05) ns ns
N Appilied (kg ha™")
34 3.28 3.58
50 3.30 3.56
78 3.22 3.57
LSD (P=0.05) ns ns
ANOVA df Pr>F
Stubble (S) 1 0.0944 0.45
N Applied (kg ha™) 2 0.64 0.95
N*S 2 0.99 0.8
Contrasts
Pea vs Durum at 34N 0.36 0.73
Pea vs Durum at 50N 0.27 0.97
Pea vs Durum at 78N 0.32 0.35
34 Nvs50N 0.82 0.75
50Nvs 78 N 0.37 0.9
34Nvs78 N 0.5 0.85
Pea vs Durum -34 Nvs 50 N 0.94 0.83
Pea vs Durum - 50 N vs 78 N 0.96 0.52
Durum at 50 N vs Pea at 34 N 0.37 0.68
Durum at 78 N vs Pea at 50 N 0.12 0.68
Durum at 78 N vs Pea at 34 N 0.15 0.44
C.V. (%) 4.7 3.3
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Table P.19. Ratio of 50% 1-propanol soluble protein to 50% 1-propanol insoluble protein

at the Carman-00, Carman-01, and Brandon-01 sites.

Treatment Site
Stubble N Appll_:ad Carman-00 Carman-01 Brandon-01
(kg ha™)
Flax 0 1.88 1.73 1.65
Flax 30 AN* 2.15 1.70 1.65
Flax - 30 CRU** 2.20 1.76 1.68
Flax 90 AN 214 1.67 1.81
Flax 90 CRU 2.17 1.71 1.60
Pea 0 2.20 1.84 1.54
Pea 30 AN 215 1.74 1.67
Pea 30 CRU 2.16 1.74 1.59
Pea 90 AN 2.16 1.79 1.60
Pea 90 CRU 2.15 1.63 1.79
LSD (P=0.05) ns ns 0.16
Stubble
Flax 2.1 1.71 1.68
Pea 2.16 1.75 1.64
LSD (P=0.05) ns ns ns
N Applied (kg ha™)
0 2.04 1.78 1.60
30 AN 2.15 1.72 1.66
30 CRU 2.18 1.75 1.64
90 AN 2.15 1.73 1.70
90 CRU 2.16 1.67 1.69
LSD (P=0.05) ns ns ns
ANOVA Pr>F
Stubble (S) 1 0.8 0.26 0.31
N Applied (kg ha™") (N) 4 0.86 0.0813 0.32
N*S 4 0.65 0.0609 0.0203
Contrasts
Peavs FlaxatO N 0.18 0.0574 0.18
Pea vs Flax at 30 N 0.92 0.63 0.5
Pea vs Flaxat 90 N 0.98 0.54 0.89
AN vs CRU 0.86 0.58 0.66
ANvs CRU-30Nvs90N 0.91 0.11 0.85
ONvs30N 0.29 0.16 0.28
30N vs 90 N 0.9 0.2 0.23
PeavsFlax-ONvs 30N 0.16 0.19 0.47
Peavs Flax- 30 Nvs 90 N 0.95 0.93 0.71
Pea at 30 N vs Flax 90 N 0.99 0.15 0.21
PeaatONvs Flaxat30 N 0.89 0.0266 0.0726
Pea at O N vs Flaxat 90 N 0.82 0.004 0.0253
C.V. (%) 12.7 4.3 6.7

* Ammonium nitrate

** Controlled-release urea




Table P.20. Ratio of 50% 1-propanol soluble protéin to 50% 1-propanol
insoluble protein at the Swift Current-00 and Swift Current-01 sites.

Treatment Year
Stubble '\('k‘;pf:_?)d 2000 2001
Durum 34 2.11 1.89
Durum 50 2.00 2.03
Durum 78 2.11 1.78
Pea 34 210 1.72
Pea 50 1.93 1.73
Pea 78 2.05 1.80
LSD (P=0.05) ns ns
Stubble
Durum 2.07 1.90
Pea 2.03 1.75
LSD (P=0.05) ns ns
N Applied (kg ha™")
34 1.96 1.80
50 2.08 1.88
78 2.1 1.79
LSD (P=0.05) ns ns
ANOVA df Pr>F
Stubble (S) 1 0.67 0.16
N Applied (kg ha™) 2 0.49 0.72
N*S. 2 0.98 0.42
Contrasts
Pea vs Durum at 34N 0.93 0.35
Pea vs Durum at 50N 0.72 0.1
Pea vs Durum at 78N 0.77 0.88
34 Nvs 50 N 0.37 0.53
50Nvs 78 N 0.83 0.47
34Nvs78N 0.27 0.92
Pea vs Durum-34 Nvs 50 N 0.85 0.58
Pea vs Durum - 50 Nvs 78 N 0.96 0.2
Durum at 50 N vs Pea at 34 N 0.57 0.092
Durum at 78 N vs Pea at 50 N 0.34 0.79
Durum at 78 N vs Pea at 34 N 0.97 0.74
C.V. (%) 10.4 11.4




481

8.17. APPENDIX Q ~RESULTS OF CORRELATION ANALYSIS FOR THE
CARMAN, BRANDON, AND SWIFT CURRENT EXPERIMENTAL SITES




Table Q.1. Significant coefficients of correlation (r) for selected quality attributes for the Carman-00 dataset (n =40).°

Flour Mineral Composition Protein Composition Mi ph Micro-extension Milling and Baking
Flour PC_Flour§ FlourN:iS  SP IG RP iy SPIG__ SP.IP MDT _ PDR WIP PBW BR___SI___Rmax EstRmax EArea E at Rupture_Rmax/E FY FAB LV

Flour Mineral Composition

Flour PC ——

Flour S 0.98 —

Flour N:S 0.76 0.61 ——
Protein Composition

SP 091 0.92 0.61 -

IG 0.90 091 0.60 0.93 -

RP — amas — -0.35 —— —

P 0.64 057 0.65 — 0.37 0.78 —

SPIG —— —— — — — - — -

SP:IP — ——— — 0.56 0.61 094  -065 - -—
Mixograph

MDT -080 -0.78  -0.63 072 -0.67 - -0.53 ——- - -

PDR 0.93 0.91 0.7 0.85 0.88 — 0.60 ——— — -0.85 -

WIP -0.39 -0.39 —— <0.37 —— — m—— —— — 0.79 -0.38 ——

PBW — — 0.44 a—— oon - 0.34 —— - -0.41 — -0.32 -

BR 0.63 0.60 0.52 0.57 0.60 —-— 0.41 - an -0.59 0.75 - - -—

SI -0.70 -0.72 -0.43 -0.67 -0.62 — -0.39 —o— — 0.87 -0.75 0.69 ——— -0.66 ——
Micro-extension

Rmax 0.50 0.46 0.48 0.35 0.42 ——— 0.52 —— - w— 044 —— - ——— e o——

E at Rmax 0.73 0.68 0.65 0.75 0.70 — 030 e 0.35 -0.70 070 051 - 0.56 -0.61 —

E Area 0.81 0.75 0.76 0.70 0.74 — 0.60 - - -0.65 0.76 <032 e 0.49 -0.53 0.76 0.65 -

E at Rupture 0.69 0.64 0.64 0.72 0.65 — - e 0.36 -0.66  0.65 -0.50 - 054 057 - 0.99 0.61 e

Rmax/E — — —oee -0.40 ~ewe - o oo -0.37 0.40 - 0.41 —— -0.32 0.36 0.57 -0.80 e -0.81 anme
Milling and Baking

FY -0.62 -0.56 -0.64 -0.40 -0.46 -0.42 -0 - e 0.39 -0.53 - 047 -0.33 - -0.45 -0.40 -0.58 -0.39 —— ———

FAB 0.83 0.76 0.80 0.77 0.75 e 0.53 — e -082 085 -0.49 e— 0.56 -0.63 0.49 0.70 0.78 0.68 - -0.52 —

LV 0.74 0.76 0.46 0.68 0.67 e 0.46 e —eee -0.58 0.75 o weem 0.49 -0,56 0.48 0.38 0.60 0.31 e -0.36 0.51 ———
* Significant at P < 0.05.

® Flour PC = flour protein concentration, Flour S = flour S concentration, Flour N:§ = flour N:S ratio, SP = flour soluble protein content, IG = flour insoluble glutenin content,
flour IP = flour insoluble glutenin content, SP:IG = ratio of SP to IG, SP:IP = ratio of SP to IP, MDT = dough development time, PDR =
BR = breakdown resistance, SI = strength index. Rmax = maxi dough resi to
FY = flour yield. FAB = Farinograph water absorption, LV = loaf volume,

RP = flour residue protein content,
pesk dough resistance, WIP = work input-to-peak, PBW = peak band width,
E at Rmax = extensibility at Rmax,EArea=mmsigrammea,E=cxtmsibﬂityatdoughmpnne,Rmax/E=wmehsﬁcmﬁo,
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Table Q.2. Significant coefficients of correlation () for selected quality attributes at the Swift Current-00 site (2 = 18)."""c

Flour Mineral Composition Protein Composition Mixograph Micro-extension Baking
Flour PC_ Flour S Flour N:S §L IG RP 1P SP:IG ﬂ’g MDT PDR WIP PBW BR SI Rmax EatRmiax EArea Eat Rupture Rmaz/R FY FAB LV

Flour Mineral Composition

Flour PC ———

Flour S 0.92 —

Flour N:S 0.54 — amne
Protein Composition

sp 098 087 054 —

1G 0.89 0.80 0.51 0.94 —

RP 0.48 - ——— —— — ——

P 0.90 0.82 — 0.78 0.67 0.7% -

SP:AG e — .- —— — 0.53 anee ———

sp:p —— —— —— ——— —— -0.80 e - woem
Mixograph

MDT -0.76 -0.75 — -0.72 -0.60 -0.50 -0.73 - —— ——

PDR 0.96 0.89 0.52 092 0.82 0.53 0.89 - ——— -0.90 e

WIP — -0.49 —— - —— - ——— v ——— - -0.62 ———

PBW 0.90 0.82 0.51 0.89 0.87 — 0.77 o~ ———e 0.51 0.90 -0.49 ——

BR 0.94 0.90 — 0.90 0.80 0.54 0.89 aeen a——n ~0.68 0.91 enn 0.79 e

St — o — - — —— ——— -0.60 ——— 0.68 m—— 0.80 - e —nes
Micro-extension

Rmax - e - - —— 0.85 - - - o - - — nenm - —

E at Rmax 0.87 0.92 — 0.85 0.75 0.52 0.81 e - -0.82 0.89 -0.61 0.81 0.78 — — ——

E Area 0.68 0.75 - 0.67 0.62 aeas 0.62 ——— amem -0.60 0.68 —— 0.62 0.63 ——— 0.64 0.75 —

E at Rupture 0.82 0.88 —— 0.77 0.66 0.59 0.81 e m——— -0.79 0.84 -0.61 0.73 0.71 - e 0.97 0.70 -

Rmax/E -0.64 -0.67 a—— -0.59 -0.53 — -0.65 e —— 0.73 -0.70 0.63 -0.64 -0.52 — 0.51 -0.84 e -0.85 e
Milling and Baking

FY . — — —— — —— - — —— -0.74 0.57 -0.79 — m— -0.76 - —— ——— e -0.62 -

FAB 0.78 0.71 048 0.80 0.70 - 0.63 — ——— -0.85 0.84 -0.76 0.73 0.65 -0.53 — 0.78 oo 0.75 -0.69 0.70 —

LV 0.86 0.77 0.55 0.84 0.77 e 0.78 - e -0.82 0.91 -0.54 0.76 0,78 wome . 0.77 0.59 0.76 ~0.61 0.57 0.82 o
* Significant at P < 0.05.

b For correlations involving micro-extension tests, n = 17,

© Flour PC = flour protein concentration, Flour $ = flour § concentration, Flour N:S = flour N:S ratio, SP = flour soluble protein content, IG = flour insotuble glutenin content, RP = flour residue protein content,
flour IP = flour insoluble ghutenin content, SP:IG = ratio of SP to 1G, SPIP = ratio of SP to IP, MDT = dough development time, PDR = peak dough resistance, WIP = work input-to-peak, PBW = peak band width,

BR = breakd i , SI = strength index, Rmax = maxi dough resi to jon, E at Rmax = ibility at Rmax, E Area = i ares, E = "i!ityatdoughnxpture,kmax/E=visco-elan5cratio,
FY = flour yield. FAB = Farinograph water absorption, LV = loaf volume,
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Table Q3. Significant coefficients of correlation () for selected quality attributes Carman-01 site (n= 4‘0)4"b

Flour Mineral Composition Protein Composition i Mixograph Micro-extension

Milling and Baking

Flour PC_Flour S Flour N:S SP 1G RP IP SP:IG  SP:IP MDT PDR. WIP PBW BR SI Rmax EatRmax EArea EatR

Rmax/E FY

FAB

LV

Flour Mineral Composition

Flour PC —
Flour S 0.88 -
Flour N:S o o —_—
Protein Composition
SP 0.76 0.77 — ——— -
G — —-— e - —
RP 0.69 0.51 0.42 —— -0.71 o
14 0.76 0.57 045 — -0.52 0.97 -
SPIAG 0.74 0.69 — 0.56 -0.68 0.66 0.57 ——
Sp:1P -0.33 —— -0.44 0.35 0.60 -0.88 -0.86 -
Mixograph
MDT -044 044 —— -0.35 — -0.31 032 042 - —en
PDR 0.64 0.58 - 0.51 — 044 0.46 0.57 — -0.63 —-
wIp — — o — - — —— amn -— 0.83 ——n o—
PBW —— — —— —-— -0.34 0.34 — — -0.40 — - - -
BR — — — —_— -0.40 —— - e — e - —— -0.76 e
SI — — — 038 - — - —— — 084 055 069 056 038 -
Micro-extension
Rmax —— — —— — —— —— — - — —
E at Rmax 0.39 0.45 - 0.46 0.46 o — 0.35 —— — 0.38 —ene e - e - e
E Area 0.39 0.38 — 0.41 —— — ——— 0.40 ——— - 0.43 - —— — — 0.80 0.48 ———
E at Rupture 043 0.54 — 0.46 anee -~ - 0.37 - - 0.38 —— w—— e e e 0.89 0.50 ao—
Rmax/E —— e o~ ——-- -— ——— avea wom— ———- — a——— ~——— ——— —— ~——- 0.80 -0.65 —o—- -0.55 ———
Milling and Baking ’
FY —— ——— — — — — w—— —— — — — e - e -0.41 v —— -— ——— w—— —
FAB 0.44 043 — 0.39 0.39 — — 0.33 g -0.60 0.51 -0.49 ames oae -0.59 — e — ———— — —— ——
LV —ees o e e e -0.37 -0.38 -0.41 e fd e ~ee o e e 0.32 e e e —— [, —— ——

# Significant at P < 0.05.

b Flour PC = flour protein concentration, Flour S = flour § concentration, Flour N:S = flour N:S ratio, SP = flour sohuble protein content, IG = flour insoluble glutenin content, RP = flour residue protein content,
flour IP = flour insoluble ghitenin content, SP:IG = ratio of SP to IG, SPIP = ratio of SP to IP, MDT = dough development time, PDR = peak dough resistance, WIP = work input-to-peak, PBW = peak band width,

BR = breakd, i , SI= gth index. Rmax = maxi dough to ion, E at Rmax = extensibility at Rmax, E Area = igram area, E = ibility at dough rupture, Renax/E = visco-elastic ratio,
FY = flour yield. FAB = Farinograph water absorption, LV = loaf volume. ’
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Table Q.4. Significant coefficients of correlation (»} for selected quality attributes at the Brandon-01 site (n = 40).%°

Flour Mineral Composition Protein Composition Mixograph Micro-extension Milling and Baking
Flour PC_ Flour S Flour N:S  SP 1G RP P SPIG  SP:IP MDT  PDR WIP PBW BR SI Rmax EatRmax EArea E at Rupture Rmax/E FY FAB LV
Flour Mineral Composition
Flour PC -
Flour S 092 -
Flour N:S 0.68 0.40 o
Protein Composition
SP 0.89 0.86 0.50 —
1G 0.84 0.75 0.59 0.83 e
RP 0.60 0.50 0.57 o - -
jig 0.78 0.66 0.67 0.40 0.55 0.96 e
SPIG 0.45 0.54 — 0.67 e ——— -~ -
Sp:IP — —— — 0.46 — -0.78 -0.63 0.58 -
Mixograph
MDT -0.73 0.77 -0.34 -0.73 -0.53 -0.34 -0.45 -0.60 e —
PDR 0.95 0.94 0.54 091 081 —— 0.66 0.54 —— -0.84 ——
WIP -0.50  -0.55 — -0.53 o —- — -0.56 - 0.93 ~0.62 -
PBW — — —— -0.36 - e s ——- -0.33 e anae — ——
BR 0.85 0.78 0.64 0.81 0.72 043 0.59 0.47 — -0.52 0.79 wann -0.50 ———
St -0.73 -0.75 ~0.40 -0.79 -0.57 - -0.36 -0.65 —— 0.89 -0.80 0.79 0.49 -0.67 ———
Micro-extension
Rmax -0.38 -0.46 — -0.53 -0.40 —— - -0.41 -0.41 0.40 -0.42 - 0.42 -0.42 0.53 -
E at Rmax 0.75 0.68 043 0.74 0.58 0.35 0.48 0.54 — -0.62 0.74 -0.45 —— 0.62 -0.59 -0.51 ——
E Area e — 0.34 — - 032 e e -0.34 - e e 0.40 ——n ——— - - ——
E at Rupture 0.74 0.68 0.41 0.75 0.57 0.32 045 0.57 P -0.59 0.72 -0.42 - 0.65 -0.58 -0.54 0.94 . —
Rmax/E 061 063 e 070  -054 e —- 053 034 057 064 043 032 056 0.4 0.90 .83 0.53 -0.82 —
Milling and Baking
FY —— — — —— — — — — - — — o —— —— . oo a— — —— - —
FAB 090 089 054 085 073 048 063 053 — 053 092 070 e 073 08  -0.38 038 — 0.62 -0.56 — —
LV 0.82 0.76 0.53 0.79 0.69 0.40 0.55 047 o -0.79 0.86 -0.63 aeme 0.64 -0.77 -0.39 -0.40 — 0.62 -0.59 e 0.85 e

? Significant at P < 0.05.

b Flour PC = flour protein concentration, Flour S = flour S concentration, Flour N:S = flour N:S ratio, SP = flour soluble protein content, IG = flour insoluble glutenin content, RP = flour residue protein content,
flour IP = flour insoluble ghutenin content, SP:IG = ratio of SP to IG, SP:IP = ratio of SP to IP, MDT = dough development time, PDR = peak dough resistance, WIP = work input-to-peak, PBW = peak band width,

BR = breakdown res SI= gth index. Rmax = maxt dough resi: to jon, E at Rmax = extensibility at Rmax, E Area= i area, E= ibility at dough rupture, Rmax/E = visco-elastic ratio,
FY = flour yield. FAB = Farinograph water absorption, LV = loaf volume,
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Table Q.5. Significant coefficients of correlation (r) for selected quality attributes at the Swift Current-01 site (n = 18).*"h

Flour Mineral Composition Protein Composition Mixograph Micro-extension Milling and Baking
Flour PC_Flour§ FlowN:S  SP IG RP 1P SP.IG ___ SP:IP MDT PDR WIP PBW BR Sk Rmax EatRmax E Area E at Rupture  Rmax/E FY FAB LV
Flour Mineral Composition
Flour PC -——-
Flour § 0.79 -
Flour N:S 0.71 - -
Protein Composition
Sp 0.87 0.66 0.66 -
1G 0.84 0.63 0.69 0.92 -
RP 0.77 0.65 0.49 - - -
i 0.90 0.73 0.61 0.57 0.59 0.97 -
SP:IG - - - - e - - -
SP:IP -0.55 —— - — -0.94 -0.85 - -
Mixograph
MDT -0.89 -0.76 -0.54 -0.75 -0.61 -0.76 -0.83 - 0.55 -
PDR 0.81 0.68 0.62 0.82 0.88 - 0.62 - - -0.61 -
WIP -0.74 -0.62 - -0.62 - -0.66 -0.68 - e 0.92 - -
PBW - — - - - - - e — - - - -
BR 0.87 0.73 0.58 0.84 0.79 0.58 0.71 - - -0.86 0.74 -0.78 - e
St -0.81 -0.55 -0.62 -0.74 -0.58 -0.62 -0.70 - - 0.90 -0.48 0.90 e -0.83 -
Micro-extension
Rmax - e - ——— - - -0.62 - - - - - e - -
E at Rmax 0.52 0.57 - - 0.51 0.55 - - -0.48 0.56 - - 0.62 - e -
E Area - - - - e - - -0.67 — - - - 0.47 - - 0.80 0.49 -
E at Rupture 0.57 0.61 - - - 0.57 0.61 - -0.49 -0.57 0.53 - - 0.65 - = 0.97 0.42 -
Rmax/E - -0.48 e - - - e - - - - 0.49 - = - 0.85 -0.62 - -0.66 -
Milling and Baking
FY - — — — m - J— — - . — - —— - — — — J— — - -
FAB 0.83 0.51 0.78 0.69 0.63 0.69 0.77 - -0.54 -0.80 0.70 -0.65 0.73 -0.66 —— - 0.49 - - -—
LV 0.85 0.60 0.63 0.81 0.75 0.58 0.70 e o -0.79 0.70 0.67 - 0.75 - - - - - - - 0.78 -

* Significant at P < 0.05.

b Flour PC = flour protein concentration, Flour S = flour S concentration, Flour N:S = flour N:S ratio, SP = flour soluble protein content, IG = flour insoluble glutenin content, RP = flour residue protein content,
flour IP = flour insoluble glutenin content, SP:IG = ratio of SP to IG, SP:IP = ratio of SP to IP, MDT = dough development time, PDR = peak dough resistance, WIP = work input-to-peak, PBW = peak band width,
BR = breakdown resistance, SI = strength index. Rmax = maximum dough resistance to extension, E at Rmax = extensibility at Rmax, E Area = extensigram area, E = extensibility at dough rupture, Rmax/E = visco-elastic ratio,
FY = flour yield. FAB = Farinograph water absorption, LV = loaf volume.
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8.18. APPENDIX R —-PLOTS OF SELECT END-USE QUALITY PARAMETERS
VERSUS FLOUR PROTEIN CONTENT FOR THE CARMAN-00, SWIFT
CURRENT-00, BRANDON-01, AND SWIFT CURRENT-01 SITES AS
AFFECTED BY PREVIOUS CROP
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3 ®xkk = gionificant at P < 0.0001.

Figure R. 1. Effect of previous crop on Mixograph peak dough resistance. Closed
symbols represent flax/durum stubble while open symbols represent pea stubble. Data
are plotted for Carman-00 (#), Swift-Current-00 (), Brandon-01 (e), and Swift
Current-01 (A). The independent variable is flour protein content. Data falling outside
the common range of flour protein content were excluded from analysis.?
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Figure R. 2. Effect of previous crop on Mixograph peak band width. Closed
symbols represent flax/durum stubble while open symbols represent pea stubble. Data
are plotted for Carman-00 (¢), Swift-Current-00 (m), Brandon-01 (e), and Swift
Current-01 (a). The independent variable is flour protein content. Data falling outside
the common range of flour protein content were excluded from analysis.?
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Figure R. 3. Effect of previous crop on Mixograph dough breakdown resistance. Closed
symbols represent flax/durum stubble while open symbols represent pea stubble. Data
are plotted for Carman-00 (), Swift-Current-00 (w), Brandon-01 (e), and Swift
Current-01 (a). The independent variable is flour protein content. Data falling outside
the common range of flour protein content were excluded from analysis.?




491

45 -
—- o
K ™
§ 40 - Flax/durum: ] o .
g y= 0.0991x+ :3250 O? o g oo o
% r?=0.01 *e o o % °
? 35 . [\ ¢ ©
e vy et
] M o T o0
$ 20 W .
g “a E s °©
A
g - u 0 g o A o % c;A
g 25 - Pea: A A A A A
[0} y=0.36x+26.22 A A A A
= s A
r?=0.01 A
20 ————————'——————————‘ T T T T T T 1
9 10 11 12 13 14 15 16 17 18

Flour protein content (%)

? ns = not significant.

Figure R. 4. Effect of previous crop on dough maximum resistance to extension. Closed
symbols represent flax/durum stubble while open symbols represent pea stubble. Data
are plotted for Carman-00 (¢), Swift-Current-00 (m), Brandon-01 (), and Swift
Current-01 (a). The independent variable is flour protein content. Data falling outside
the common range of flour protein content were excluded from analysis.?
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Figure R. 5. Effect of previous crop on dough extensibility at Rmax. Closed symbols
represent flax/durum stubble while open symbols represent pea stubble. Data are
plotted for Carman-00 (), Swift-Current-00 (m), Brandon-01 (), and Swift
Current-01 (a). The independent variable is flour protein content. Data falling outside
the common range of flour protein content were excluded from analysis.?
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Figure R. 6. Effect of previous crop on extensigram area. Closed symbols represent
flax/durum stubble while open symbols represent pea stubble. Data are plotted for
Carman-00 (), Swift-Current-00 (w), Brandon-01 (), and Swift Current-01 (a).
The independent variable is flour protein content. Data falling outside the common
range of flour protein content were excluded from analysis.?
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Figure R. 7. Effect of previous crop on dough visco-elastic ratio (Rmax/E). Closed

symbols represent flax/durum stubble while open symbols represent pea stubble. Data
are plotted for Carman-00 (¢ ), Swift-Current-00 (), Brandon-01 (e), and Swift
Current-01 (A). The independent variable is flour protein content. Data falhng outs1de
the common range of flour protein content were excluded from analysis.?
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8.19 APPENDIX S - DESCRIPTION OF SAMPLING METHODOLOGY AND
LOCATION OF IMMATURE HEAD SAMPLES COLLECTED AT THE
CARMAN-00, CARMAN-01, BRANDON-01, AND SWIFT CURRENT-01 SITES

As part of a separate study intended to evaluate the evolution of protein
composition during kernel development, heads from main stems were collected on a
weekly basis during the growing season at all sites excluding the Swift Current-00 site.
Commencing 14 days after anthesis (DAA), 20 heads were randomly removed from main
stems of each sub-plot with the sampling area until maturity. Care was taken to not
collect heads from sub-plot edges. Samples were placed in re-sealable bags and placed in
a cooler full of ice as son as possible after sampling in order to arrest kernel metabolic
- processes. Samples were stored in cold storage (-20°C) in the main building of the
Department of Plant Science. Please contact Dr. M. H. Entz in the Department of Plant
Science or Dr. D. N. Flaten in the Department of Soil Science for further information.

Labeling of sample bags was carried out using a simple numbering system, where
the number represents plot number. Sampling date was as also placed on each sample
bag as “TX”, where “X” represents the number of weeks after anthesis. Therefore, “T0”
represents the anthesis sampling date (0 weeks after anthesis), “T1” representé 1 week
after anthesis, etc. The last sampling date at the Carman-00, Carman-01, and Swift

Current-01 sites was designated as “T5” (5 weeks after anthesis), while heads were

collected at the Brandon-01 site until 42 DAA (6 weeks after anthesis).




8.20. APPENDIX T - SCATTERPLOTS OF SELECT END-USE QUALITY
PARAMETERS VERSUS SELECT PROTEIN COMPOSITION PARAMETERS
FOR THE CARMAN-00, SWIFT CURRENT-00, CARMAN-01, BRANDON-01,

AND SWIFT CURRENT-01 SITES
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Figure T. 1. Scatterplots of Mixograph dough development time versus soluble protein (A), insoluble glutenin (B), residue protein (C), and

insoluble protein (D) content. Data are plotted for Carman-00 (), Swift-Current-00 (m), Carman-01 (0), Brandon-01 (), and
Swift Current-01 (A).
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Figure T. 2. Scatterplots of Mixograph dough development time versus soluble protein (A), insoluble glutenin (B), residue protein (C), and
insoluble protein (D) as a proportion of total flour protein content. Data are plotted for Carman-00 (#), Swift-Current-00 (m), Carman-01 (©),

Brandon-01 (e), and Swift Current-01 (A).
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Figure T. 3. Scatterplots of Mixograph dough development time versus flour protein content
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Figure T. 4. Scatterplots of Mixograph peak dough resistance versus soluble protein (A), insoluble glutenin (B), residue protein (C), and
insoluble protein (D) content. Data are plotted for Carman-00 ( ¢ ), Swift-Current-00 (w), Carman-01 (), Brandon-01 (e), and
Swift Current-01 (A).
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Figure T. 5. Scatterplots of Mixograph peak dough resistance versus soluble protein (A), insoluble glutenin (B), residue protein (C), and
insoluble protein (D) as a proportion of total flour protein content. Data are plotted for Carman-00 (#), Swift-Current-00 (m), Carman-01 (o),
Brandon-01 (e), and Swift Current-01 (A).
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Figure T. 6. Scatterplots of Mixograph peak dough resistance versus flour protein content
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Figure T. 7. Scatterplots of Mixograph work input-to-peak versus soluble protein (A), insoluble glutenin (B), residue protein (C), and

insoluble glutenin content (%)
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Figure T. 10. Scatterplots of Mixograph peak bandwidth versus soluble protein (A), insoluble glutenin (B), residue protein (C), and
insoluble protein (D) content. Data are plotted for Carman-00 ( ¢ ), Swift-Current-00 (m), Carman-01 (©), Brandon-01 (), and
Swift Current-01 (A). '
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Figure T. 14. Scatterplots of Mixograph breakdown resistance versus soluble protein (A), insoluble glutenin (B), residue protein (C), and
insoluble protein (D) as a proportion of total flour protein content. Data are plotted for Carman-00 (#), Swift-Current-00 (m), Carman-01 (o),
Brandon-01 (e), and Swift Current-01 (A).

01§




12 4

A A A
10 A A A AA 44
o A (]
= A [ ]
g " * .
g 4 Aa A L ®
2 N Am . * e e
N [
8 ¢ A v’ * AR 8 o0
- “Q LN
6 a N v ¢ o9
5 = ]
. L4 0. : 'a o ¢ 088@
S ¢ '. , ‘ .O * o 5] re)
g 4 - = uN o,
5 A m mnm . ©
& n
2 4
A
0 . . . . . . . . .
9 10 1 12 13 14 15 16 17 18
Flour protein content (%)
12 -
A
10 | A A ﬁA A A
° A A ®
] ®
g hd - A &
2 3
28 . . » A °
P * o * [ J A
§ .’ * * fo) (o] A e
s > *, ", X0 o o [ [ ]
B 61 o * 0 5o P
g *om, 9t C;‘o ° so. ! .
LN o o o® [ ] Y
§ 4 2 4 o b o - T a e
3 % » am
& »
2 4
B
0 . . . . . . . . . . .
27 2.8 29 3.0 3.1 32 3.3 34 35 3.6 37 3.8
Ratio of soluble p to insoluble glutenin
12 -
AA A
10 A A AA M
.. [ A A
A e S
8 ¢ 2 A o. A
€ * " ¢ ma * .
Y Suliig *e
P oe %9 9 LR . .
IR o LI R
® PY TS
® o0p o o%%o’ 3 C‘. -. n o > *
S 4 o o8 * 2 a n
‘ n mm
o u
2 4
C
0 . . . . . .
1.25 1.50 1.75 2.00 225 2.50 275

Ratio of soluble protein to insoluble protein
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Figure T. 16. Scatterplots of Mixograph dough strength index versus soluble protein (A), insoluble glutenin (B), residue protein (C), and

insoluble protein (D) content. Data are plotted for Carman-00 (¢ ), Swift-Current-00 (m), Carman-01 (©), Brandon-01 (e), and
Swift Current-01 (A).
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Figure T. 17. Scatterplots of Mixograph dough strength index versus soluble protein (A), insoluble glutenin (B), residue protein (C), and
insoluble protein (D) as a proportion of total flour protein content. Data are plotted for Carman-00 (¢ ), Swift-Current-00 (m), Carman-01 (o),
Brandon-01 (e), and Swift Current-01 (A).
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Figure T. 19. Scatterplots of dough maximum resistance to extension (Rmax) versus soluble protein (A), insoluble glutenin (B), residue protein
(C), and insoluble protein (D) content. Data are plotted for Carman-00 (¢ ), Swift-Current-00 (m), Carman-01 (0), Brandon-01 (), and

Swift Current-01 (A).
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Figure T. 20. Scatterplots of dough maximum resistance to extension (Rmax) versus soluble protein (A), insoluble glutenin (B), residue protein
(©), and insoluble protein (D) as a proportion of total flour protein content. Data are plotted for Carman-00 (#), Swift-Current-00 (m),
Carman-01 (©), Brandon-01 (), and Swift Current-01 (A).
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Figure T. 22. Scatterplots of dough extensibility at Rmax versus soluble protein (A), insoluble glutenin (B), residue protein (C), and insoluble
protein (D) content. Data are plotted for Carman-00 (¢ ), Swift-Current-00 (m), Carman-01 (©), Brandon-01 (), and Swift Current-01 (A).
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Figure T. 23. Scatterplots of dough extensibility at Rmax versus soluble protein (A), insoluble glutenin (B), residue protein (C), and insoluble
protein (D) as a proportion of total flour protein content. Data are plotted for Carman-00 ( ¢), Swift-Current-00 (w), Carman-01 (0),
Brandon-01 (), and Swift Current-01 (A).
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Figure T. 24. Scatterplots of dough extensibility at Rmax versus flour protein content (A), the
ratio of soluble protein to insoluble glutenin (B), and the ratio of soluble protein to insoluble
protein (C). Data are plotted for Carman-00 (), Swift-Current-00 (m), Carman-01 (©0),
Brandon-01 (e), and Swift Current-01 (A).
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Figure T. 25. Scatterplots of extensigram area versus soluble protein (A), insoluble glutenin (B), residue protein (C), and insoluble

protein (D) content. Data are plotted for Carman-00 (#), Swift-Current-00 (m), Carman-01 (o), Brandon-01 (), and Swift Current-01 (A)

X493




750 q

o
700 .o *
o
650 | hd ® o %o°0 *° AR
o *0 &O o® . * e, @ -
i P ® e @ O [ CHE I S 4
@ 600 1 o @ * .
2 PS o “.f . 0:
$ 550 > ¢ LI IR 4 “ ]
s LY 2% [+ * % [ ]
§ * ° 3 e ‘1‘ * ¢
5 500 - L' e o 2 mm .
G L < o A =
& * ® ™ -
$ 40l %o " o
% 450 A 5
“ . A A A
400 1 A 4 o a ™
350 A A
300 T T T T T —
55 58 60 63 65 68 70 73 75
Soluble protein content (%)
750
o ©
| .
70 ® o . .
650 | * . & °3 « * L. & o
%0000 o * * %%
-~ P I} 'S L 2% 1 ‘
- 1) L ] .} o]
T a2¥B %0 e
rl S "% A ¢ .
€ 550 ] * 8 o W4
@ [ ] ‘ A“Q (1] ]
£ te A% o 3 .
§ 500 | £a %, %A *n . oo
3 L i\ : ® i~ [
]
£ 450 4 3 'A [ n . .
“ ° A .
J A A [ ]
400 - . [ ]
350 - C
300 . . . : . : - S
15 16 17 18 19 20 21 22 23 24 25

Insoluble glutenin content (%)

750

o o)
700 .
00 “o oo
* o 00 so [ 4 Y
650 ‘e o o« ®°, 0408
* > ¢ * .o 2% (o]
- * ¢ O@ [ * °
‘@ 600 . ot o
2 N . & °
g . Qo Do L 2
£ 550 1 n® ) i 2
¢ Yo o 0" ©
g M ¢ omg A " .
500 * * L ]
%’ s ¥ n z % o,
[ °
5 450 nq , e,
A Aa b
[ ] A
400 A
0 " a -
B C
300 . . . ; . . . . .
0.0 25 50 75 100 125 150 175 200 225 250 275
Residue proteln content (%)
750
° o
700 *
° 8’ °
650 1 ¢ e O¢ o0 P ¢
. ® e e RS C£ o* o
= ¢ ¢ 2 05’ e o PY
) * Y ®
H s - . %o ee® ® o
£ 550 u % .r %0 %Qe
U A
§ ¢ MY 'r‘ o’ ¢ . ¢
500 Py '
3 nm 4 : oe, 4 'A. . .
[ | C
g 450 F * LA
A A A a hd
n
400 A
u mn =
%01 D
300 . . . . .
250 275 30.0 325 35.0 375 400 425 45,0

Insoluble protein content (%)

Figure T. 26. Scatterplots of extensigram area versus soluble protein (A), insoluble glutenin (B), residue protein (C), and insoluble
protein (D) as a proportion of total flour protein content. Data are plotted for Carman-00 (¢ ), Swift-Current-00 (m), Carman-01 (o),

Brandon-01 (e), and Swift Current-01 (A).
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Figure T. 27. Scatterplots of extensigram area versus flour protein content (A), the
ratio of soluble protein to insoluble glutenin (B), and the ratio of soluble protein to insoluble
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Figure T. 28. Scatterplots of extensibility at dough rupture versus soluble protein (A), insoluble glutenin (B), residue protein (C), and insoluble
protein (D) content. Data are plotted for Carman-00 (4 ), Swift-Current-00 (), Carman-01 (o), Brandon-01 (®), and Swift Current-01 (A).
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Figure T. 29. Scatterplots of extensibility at dough rupture versus soluble protein (A), insoluble glutenin (B), residue protein (C), and insoluble
protein (D) as a proportion of total flour protein content. Data are plotted for Carman-00 (¢ ), Swift-Current-00 (m), Carman-01 (o),

Brandon-01 (), and Swift Current-01 (A).
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Figure T. 30. Scatterplots of extensibility at dough rupture versus flour protein content (A), the
ratio of soluble protein to insoluble glutenin (B), and the ratio of soluble protein to insoluble
protein (C). Data are plotted for Carman-00 (#), Swift-Current-00 (m), Carman-01 (0),
Brandon-01 (e), and Swift Current-01 (A).
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Figure T. 31. Scatterplots of the ratio of dough extensibility to Rmax versus soluble protein (A), insoluble glutenin (B), residue protein (C), and

insoluble protein (D) content. Data are plotted for Carman-00 ( ¢ ), Swifi-Current-00 (w), Carman-01 (0), Brandon-01 (e), and
Swift Current-01 (A).

LTS




06 -
oo
* ]
0.5 . o0 © . *
o & .
. 0 o * o
d bRl TR 4
0.4+ . % 8(§0 *3ve m ¢
y ® ®, °F A% '.: ’l..’.l .
g o BT s . ¢ o
« Ps ° ) ®e o ‘0 0‘ *
0.3 . . = -
s auds Frh
AA A A
02
0.1 . ; ; . —_
55 58 €0 63 65 68 70 73 75
Soluble protein content (%)
0.6
* o
- *
0.5 . o o ® P * .
o
LS : °.'a)g o * . - ¢
o So0 . ..0 .
0.4 4 L) O, > o
® Q | n . W
g .O ‘s lgggj n o A o ".0 i
‘. X ] ¢ e
g * L] . ° ‘A ¢ ¢ M
. .
031 * & st . .
®
A A SN
A AA A A
0.2 1
0.1 . . . . . —
15 16 17 18 19 20 21 22 23 24 25

insoluble glutenin content (%)

Rmax/E

Rmax/E

0.6 1

e
- *
0.5 4 * P ° °
¢ O qnde © il
* 4 o . * .%O o. [ ] ®
o © 00 O.
0.4 ¢ * o @,
* 0
N A ‘.J‘.‘ol o 0o
A4 . oS - Cot o
* * [ ]
03 ¢ . ¢ » o b
]
N AM‘A A
A AA A A
0.2 1
0.1 . - - . - - ,
0.0 25 5.0 7.5 100 125 150 175 200 225 250 275
Resldue protein content (%)
0.6 1
e
- S
0.5 4 * ® oo e
¢ * o ®®
‘e o PR e .
Y90t % % o
04 ] . o 8 .“o A .
- e Mo gE Ng 0% o% o
L S T < RGN e o b
* : ¢ ¢ ‘e * L]
. e .
03] * o = * 'Y L ™S [
R - [ ]
A 4 L2 A
A AA AA AA
0.2 1
0.1 . . - . . .
25,0 27.5 30.0 325 35.0 375 40.0 425 450

Insoluble protein content (%)
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Brandon-01 (e), and Swift Current-01 (A).
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Figure T. 34. Scatterplots of the Farinograph water absorption versus soluble protein (A), insoluble glutenin (B), residue protein (C), and

insoluble protein (D) content. Data are plotted for Carman-00 (),
Swift Current-01 (A).
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Figure T. 35. Scatterplots of Farinograph water absorption versus soluble protein (A), insoluble glutenin (B), residue protein (C), and insoluble
protein (D) as a proportion of total flour protein content. Data are plotted for Carman-00 (), Swifi-Current-00 (m), Carman-01 (o),
Brandon-01 (e), and Swift Current-01 (A).
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Figure T. 36. Scatterplots of Farinograph water absorption versus flour protein content (A), the
ratio of soluble protein to insoluble glutenin (B), and the ratio of soluble protein to insoluble
protein (C). Data are plotted for Carman-00 (), Swift-Current-00 (w), Carman-01 (o),
Brandon-01 (e), and Swift Current-01 (A).
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Figure T. 37. Scatterplots of loaf volume versus soluble protein (A), insoluble glutenin (B), residue protein (C), and insoluble protein (D) content.
Data are plotted for Carman-00 (¢), Swift-Current-00 (m), Carman-01 (©), Brandon-01 (e), and Swift Current-01 (A).
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Figure T. 38. Scatterplots of loaf volume versus soluble protein (A), insoluble glutenin (B), residue protein (C), and insoluble protein (D) as a
proportion of total flour protein content. Data are plotted for Carman-00 (#), Swift-Current-00 (m), Carman-01 (o), Brandon-01 (e), and
Swift Current-01 (A).
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Figure T. 39. Scatterplots of loaf volume versus flour protein content (A), the ratio of soluble
protein to insoluble glutenin (B), and the ratio of soluble protein to insoluble protein (C). Data
are plotted for Carman-00 (¢ ), Swift-Current-00 (m), Carman-01 (), Brandon-01 (e), and

Swift Current-01 (A).






