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ABSTRACT

Irrigation management has been practiced in Saskatchewan since 1885. Few

studies on irrigation and soil quality expand beyond examining the potential for

salinization under poor irrigation conditions. The objectives of this study were to

determine the effects of long-term irrigation management (= 20 years) on soil chemical,

physical and microbiological properties at a field level. Non-saline soils were

specifically chosen to assess the effects of irrigation on soil properties excluding

salinization.

The results of an experiment conducted on soils sampled from the South

Saskatchewan River Irrigation District #1 compare soil properties of irrigated and

dryland treatments. The bulk density of the irrigated treatment was not significantly

different from the dryland treatment. The electrical conductivity (EC) of the irrigated

treatment was significantly greater than the dryland treatment (P<0.05), however, the

soil was not considered saline. The irrigated soil was reaching equilibrium with the

conductivity of the irrigation water. The pH of the irrigated and dryland treatments was

not significantly different, suggesting the increased, yearly fertilizer application to

irrigated land did not decrease soil pH. Wet aggregate stability (WAS) of the dryland

treatment was greater (P<0.05) than the irrigated treatment. The reduction in WAS may

have been a result of yearly applications of irrigation water causing aggregate

destabilization, or may have been reflecting the previous year's management.

The nitrate-nitrogen (N03-N) content of the irrigated treatment was greater

(P<O.OOl) than the dryland treatment. The level of N03-N may be a reflection of the
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fertilizer practices involved in irrigation and dryland management. The mineralization of

organic N was greater in the irrigated treatment (P<O.05) than the dryland treatment.

The percent organic matter (OM), however, was not significantly different between

irrigated and dryland treatment. The N supply rate (as measured by an anion exchange

membrane) was greater for the irrigated treatment. These results suggest the ability of

the irrigated treatment to supply N to the crop was improved under irrigation

management. Coefficient of determination (R2) values indicate initial N03-N is an

adequate indicator ofN uptake.

The available phosphorous (P) level of the irrigated treatment was greater

(P<O.05) than the dryland treatment. The P level may have been a reflection of the

fertilizer practices involved in irrigation management. The sulfate-sulfur (S04-S) and

potassium (K) content did not significantly differ between the irrigated and dryland

treatments.

No significant difference was detected between the irrigated and dryland

treatments for algal biomass.
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1. INTRODUCTION

Irrigation in Saskatchewan started in approximately 1885 when a few private

farm families near the Cypress Hills used water resources to combat unpredictable dry

soil conditions (Hamlin 1982). Removing the risk of inadequate precipitation was

essential for reliable and consistent crop yields. The quest for improved crop yields on

the Prairies continued with increasing numbers of producers adopting irrigation

management. On July 25, 1958 the Canadian and Saskatchewan governments signed the

South Saskatchewan River Irrigation Project, committing Saskatchewan to 50,000 acres

of irrigable land and irrigation construction expenses (Pawlus 1980). In 1968, irrigation

in the South Saskatchewan River Irrigation District #1 (SSRID #1) began.

These historical events generated several questions regarding the development of

irrigation. Farmers inquired about costs, water supply, and crop benefits. Researchers

posed questions concerning irrigation water quality, nutrient regimes under irrigation

management, and irrigation effect on soil structure. Research dating to '1930 (Powers

and Lewis) indicated that irrigation results in an accumulation of nitrogen and soil

organic matter. Several potential changes within the soil system resulting from irrigation

management could be undetectable for many years. Information is required to address

the question of the effects of long-term irrigation on soil fertility, soil structure, and

microbial populations. These soil parameters are assessed at a detailed level in this

research and, when compared to dryland counterparts, are indications of alterations to

the soil system as a result of long-term irrigation management.

1



Irrigation management is the practice of applying water to supplement

precipitation, accompanied by increases in fertilization and cropping intensity. This

definition of irrigation management is important. The entire concept of irrigation

management, and not just the application of water, must be considered when explaining

potential differences between irrigated and dryland soils. If two fields contain relatively

similar soils, and only one is irrigated and the other is dryland, changes in soil quality

may emerge as a result of differing management practices. The two management

practices, irrigation and dry Iand, may alter the composition of soil organic matter

(SOM) and, therefore, related nutrient cycling. Differences between the two

management systems in nutrient levels, structure, and algal biomass would reflect long

term practice of either or both: 1) the application of water, and 2) intensified cropping

and fertilization. These differences are largely induced by alterations in the cycling

regime of SOM. The resulting SOM quality may direct the sustainability of irrigation.

Previous research has indicated that irrigation may encourage soil salinization

(Jensen et al. 1990; Sommerfeldt and Chang 1980; Krogman and Hobbs 1972). Causes

of irrigation-induced salinity include applications of unsuitable irrigation water, poor

irrigation practices, and inadequate drainage due to geologic reasons '(Rhoades and

Loveday 1990). Without adequate drainage, a rise in the groundwater table and

subsequent water evaporation results in salt deposition near the soil surface.

In this study, non-saline soils were purposely selected to extend this research

beyond previous studies concerning irrigation-induced salinization. By eliminating

saline soils from this research, the effects of irrigation, other than salinization, on soil

could be determined.
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The objectives of this research were to determine the effects of long-term

irrigation management (:::::: 20 years) on soil chemical, physical, and microbiological

properties at a field level. Soil chemical properties include nutrient availability, pH, and

electrical conductivity. The physical properties assessed are bulk density and aggregate

stability. The microbiological property considered in this research is algal biomass.
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2. LITERATURE REVIEW

2.1 Soil Quality as Affected by Irrigation Management

Soil quality is the capability of a soil system to function through retaining and

transforming chemical and biological components (Pierce and Larson 1993). Quality of

a soil is determined by its inherent properties obtained through soil forming factors, or

by influences of different uses and management. The quality of soil organic matter may

contribute greatly to overall soil quality. Soil organic matter (SOM) is the sum total of

all organic carbon-containing substances in soil (Schnitzer 1991). Gregorich et al.

(1994) suggested that levels of various constituents of SOM may be used to evaluate the

quality of SOM. Similarly, Doran and Parkin (1994) presented a list of possible soil

properties to assist in evaluating the quality of soil, including mineral nitrogen,

phosphorous, and potassium, mineralizable nitrogen, organic carbon, soil structure, pH,

and electrical conductivity.

Irrigation supplies additional moisture for crops in an environment where

moisture gained through precipitation may limit crop growth. Irrigation management

requires continuous cropping and increased fertilizer rates to achieve sufficient grain

yields, thus ensuring the economical viability of irrigation. The cropping intensity and

fertilization rates place irrigated land on a different management level than dryland

fields located within the same region. For example, irrigated land in the Dark Brown

soil zone is continuously cropped, while the dryland rotation may include summerfallow

every second or third year. Continuous cropping results in different fertilization and

tillage practices than a system which includes fallow in the rotation. On the Prairies,

4



continuous cropping and increased fertilization have influenced the dynamics of soil

quality (Campbell et al. 1991a; Campbell et al. 1991b). It is possible irrigation

management, when compared to dryland management, acts through different agronomic

practices to alter soil quality, as defined by certain soil physical, chemical, and/or

microbiological properties.

2.2 Soil Physical and Chemical Properties

2.2.1 Electrical Conductivity

Electrical conductivity (EC) is an expression of the total salt content of a soil

(Frenkel 1984). Plants react osmotically to the total salt concentration within the soil

osmotically, rather than to individual salt ions. The application of irrigation water will

increase the salt content of a field if the water salt content is relatively high. In other

words, soil will achieve an equilibrium level with the applied irrigation water. The rate

and extent of salt increase within soil depends on a number of factors (Frenkel 1984): 1)

the excess amount of water supplied by irrigation and rainfall over that required by

plants, 2) the composition of irrigation water and the probability of ions precipitating

upon water extraction, and 3) the physical properties of the soil. Excessive irrigation

with limited drainage may be an impetus to salinization. Irrigation water supplied by the

South Saskatchewan River near Outlook, Saskatchewan maintains a conductivity of

approximately 0.41 mS cm-1 (Saskatchewan Environment and Public Safety 1988).

2.2.2 Soil pH

Nitrogen fertilization has been found to decrease soil pH (Bouman et al. 1995;

Schwab et al. 1989). Bouman et al. (1995) found soil acidification increased with
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increasing N rates. Anhydrous ammonia fertilizer caused more pronounced acidification

than did urea. Fertilizer-induced soil acidification is caused by oxidation of ammonium

fertilizers. Following the oxidation of urea and anhydrous ammonia, H+ ions are

released lowering the soil pH.

Lueking and Schepers (1985) compared the pH of the irrigated portion of the

fields to the pH of the dryland (non developed) areas of the fields (Table 2.1). pH was

measured to a depth of 30 em. The years of irrigation did not appear to influence pH. A

decrease in the pH of irrigated fields occurred as a result of the acidifying effects of N

fertilization. Janzen (1987a) also found N fertilizer applications depressed soil pH from

7.2 for control soils to 6.9 for fertilized soils.

Table 2.1. pH values at irrigated and dryland portions of fields for various years of

irrigation (Lueking and Schepers 1985).

H

Years of Irrigation Dryland Irrigated

4 5.9 5.5

5 5.6 5.1

10 5.7 5.2

15 5.9 5.3

Other causes of soil acidification in irrigated soils have been noted. Kohnke et al.

(1968) found excessive throughflow within the soil leached cations released from

decomposing SaM and an increase in acidity was experienced. A general decrease in

base saturation, or an increase in the proportion of the exchange complex occupied by

acidic cations, occurs with increasing moisture, and the pH of the soil decreases.

6



2.2.3 Aggregate Stability

An aggregate is considered as primary particles that cohere to each other, within

a group, more strongly than to other surrounding primary particles (Kemper and

Rosenau 1986). Aggregate stability is the ability of a soil aggregate to withstand

disruptive forces and maintain cohesiveness. Disruptive forces include cultivation,

erosion by wind and water, and wetting of the soil. Aggregate stability greatly

influences soil structure, or the arrangement of particles and pores in soil (Oades 1984).

Good soil structure is essential for successful plant growth. A soil with good structure

consists of stable aggregates and pores which allow adequate root penetration and the

storage and transmission of air and water. The influence of aggregate stability on

structure determines the susceptibility of soil to crust formation, wind and water erosion,

and compaction (Angers and Mehuys 1993b). Inevitably, poor aggregate stability

encourages soil erosion and limits plant root penetration, drainage, and water

infiltration. Stable aggregates must contain pores with adequate diameter to remain

aerobic (>75 urn), yet must also consist of sufficient pores (30 - 0.2 urn) to retain water

for plant growth (Tisdall and Oades 1982). Many factors involved in irrigation

management could conceivably affect aggregate stability and, therefore, soil structure.

The relationship between soil carbon (C) and aggregate stability is commonly

logarithmic. Several studies present evidence for the positive correlation between

organic carbon content and aggregate stability (Tisdall et al. 1978; Campbell et aI. 1993;

Rasiah and Kay 1994). Additional studies indicate a relationship between organic C and

fertilization (Janzen 1987a); treatments receiving N fertilizer had 14% higher organic C

content than treatments without N fertilizer. Janzen (1987b) further showed organic C

concentration in the soil surface layer of a continuous wheat treatment was 13% and

17% greater than in the surface soil of a fallow-wheat-wheat and fallow-wheat rotation,

7



respectively. The positive correlation between continuous cropping and organic carbon

content suggests aggregate stability may be enhanced in continuously cropped soils.

Certain studies, however, suggest that specific constituents of SOM contribute to

aggregate stability (Tisdall and Oades 1982; Haynes and Swift 1990; Chaney and Swift

1984). It is then difficult to assume an increase in organic C content will increase

aggregate stability in all management practices that implement continuous cropping (for

example, irrigation management). Direct correlation between aggregate stability and

organic C has not always been found. Bruce et al. (1992) found that a correlation

between aggregate stability and soil C content was evident only when aggregate stability

was above a critical value (approximately 80%). Tisdall and Oades (1982) provided

explanations for the inconsistencies between organic C and aggregate stability; 1) only

a particular portion of SOM is responsible for the stabilizing of aggregates, 2) there

exists a soil organic C content above which no further increase in water stable

aggregation occurs, 3) inorganic rather than organic materials are the critical binding

agents, and 4) the disposition, or arrangement, of SOM is more important in stabilizing

aggregates than the type or amount of that SOM.

The following sections address the binding agents of SOM, various fractions of

SOM and their possible contributions to aggregate stability, and other factors that may

influence the stability of aggregates in irrigated soils.
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2.2.3.1 Influence of organic matter

2.2.3.1.1 Organic binding agents

To further examine the relationship between SOM and aggregate stability, it is

necessary to divide the components of SOM into types of binding agents. Chaney and

Swift (1984) suggested total SOM content may not explain variations in aggregate

stability and, as a result, further divided SOM into certain fractions to determine their

respective involvement in aggregation.

Organic binding agents can be classified as transient, temporary, or persistent

binding agents, depending on the age and degradation status of the SOM (Gabriels and

Michiels 1991; Tisdall and Oades 1982). These binding agents determine the age, size,

and stability of aggregates (Tisdall and Oades 1982).

Transient binding agents are organic materials rapidly decomposed by

microorganisms. Polysaccharides are the most important of the transient binding agents.

The polysaccharides contributing to macroaggregation (>250 urn) include the

extracellular polysaccharides released by microorganisms upon decomposition of

organic materials. These polysaccharides assist in binding clay or humic particles

through adsorption, adhesion, or cation bridging (Cheshire 1979). Additional

polysaccharides considered as transient binding agents include roots and root exudates,

and microbial biomass in the rhizosphere (Oades 1978).

Mechanisms of transient binding depend on three classes of substrate availability

(Tisdall and Oades 1982). Readily available substrates, which decompose rapidly,

increase only transient, or ephemeral, water stable aggregation. Less readily available

substrates, such as plant tissue, gradually increase water stable aggregation which
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persists for months. Recalcitrant substrates, such as cellulose, slowly contribute to

limited water aggregate stability.

Temporary binding agents consist of roots and fungal hyphae. These binding

agents accumulate in the soil within weeks or months, as the root system develops, and

may remain in the soil for years (Gabriels and Michiels 1991).

Persistent organic binding agents are considered as characteristics of the soil

(Gabriels and Michiels 1991). Persistent binding agents include resistant components

associated with polyvalent metal cations and strongly sorbed polymers. Persistent

organo-mineral binding agents are associated with microaggregates less than 250 urn in

diameter (Edwards and Bremner 1967).

Correlations exist between root and hyphae length, and the proportion of soil in

stable macroaggregates (Tisdall and Oades 1982). Roots contribute to transient binding

by the release of exudates, and to temporary binding by the presence of enmeshing roots

and hyphae. Root length is largely determined by the presence of soil moisture and the

necessity to elongate to and proliferate around soil moisture.

2.2.3.1.2 Organic matter fractions

Chaney and Swift (1986) studied the role of humic substances in aggregate

stabilization. Aggregate stability attributed to the adsorption of humic material had

greater persistence than the aggregate stability produced by extracellular

polysaccharides. They also suggested that humic substances may contribute to the

formation of microaggregates. This conclusion suggests long-term stabilization of

10



aggregates may be attributed to humic substances, and that extracellular polysaccharides

only contribute to transient aggregate stability.

Chaney and Swift (1984) studied soil components which are related to aggregate

stability and are associated with and adsorbed by mineral matter: soil polysaccharides

and humic substances. Correlations were found between aggregate stability and both

polysaccharides and humic substances. The correlation coefficients for the humic

material extracted by different methods suggested higher molecular weight humic

materials, which tend to be strongly adsorbed by inorganic particles, were more

important in the role of aggregate stabilization than low molecular weight humic

substances. They concluded that it is possible some SOM components may have more

impact on the stabilization of aggregates than others and that the different components

of SOM may contribute to aggregate stability to varying extents.

Swift (1991) outlined research conducted on the effect of soil polysaccharides

and humic substances on aggregate stability. To determine the effects of different SOM

fractions, carbohydrate contents were divided into acid hydrolyzable, cold-water

extractable, hot water-extractable, HCI-extractable, and NaOl-l-exrractable, Hot and cold

water-extractable carbohydrates showed correlation (P<O.OOI) with the aggregate

stability of sandy loam, silt loam, and clay loam soils. The conclusions of Haynes and

Swift (1990) also stated aggregate stability for soils with different cropping histories

was significantly more closely correlated with hot water-extractable carbohydrate

content than with organic C. This component of SOM may represent a pool of

carbohydrate involved in the formation of stable aggregates.
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It is plausible to argue different SOM fractions influence aggregate stability to

varying extents. The factors acting to influence soil SOM include management practices

such as fertilization and crop rotations (Campbell et al. 1991a, b).

2.2.3.2 Influences of irrigation

2.2.3.2.1 Cation concentration

A complex relationship exists between the salt content of irrigation water and

soil structure. Table 2.2 outlines the composition of water samples from the South

Saskatchewan River near Outlook, Saskatchewan. The addition of irrigation water may

alter soil aggregate stability. Oades (1986) proposed microaggregates form the basic

structure of macroaggregates and that the structure ofmicroaggregates depends partially

on a critical concentration of cations. Irrigation water that contains divalent or trivalent

cations encourages edge-to-face attractive forces by increasing microaggregate stability.

Conversely, should irrigation water contain predominantly monovalent cations (such as

Na+), the diffuse double layer thickness increases, the physical attractive forces are

limited, and the stability of the microaggregate is decreased.
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Table 2.2. Mean values of major ions and chemical and physical parameters of the

South Saskatchewan River Water at Outlook, Saskatchewan, 1978-85 (Saskatchewan

Environment and Public Safety 1988).

pH 8.1

Specific Conductivity (mS crrr l) 0.41

Calcium (mg L-I) 42.4

Magnesium (mg L-I) 18.8

Potassium (mg L -I) 3.6

Sodium (mg L -I) 20.4

Chloride (mg L -I) 6.1

Sulfate (mg L -I) 66.5

Total Hardness (mg L -1) 184

Alkalinity (mg L-I) 152

Nitrate + Nitrite (mg L-I) 0.08

Total Kjeldhal Nitrogen (mg L -1) 0.53

Total Phosphorous (mg L -I) 0.01

S.A.R. (mmol L -I) 2.6

Dissolved Organic Carbon (mg L -1) 2.4

The concept of electrolyte threshold concentration adds complexity to the

relationship between irrigation water and soil structure (Quirk and Schofield 1955).

Research indicated the dispersion of clays is influenced by exchangeable cations as well

as the amount of electrolyte present within soil. Rengasamy et al. (1984) developed a

method for determining the dispersive behavior of clays in red-brown surface and

subsurface soils. In surface soils with sodium adsorption ratios (S.A.R.) greater than 3,

the S.A.R. was always more important in determining the dispersive nature of clays than
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the total cation concentration (TCC). Surface soils with an S.A.R. of less than 3 resulted

in a higher correlation coefficient for TCC as an indicator of clay dispersion rather than

the S.A.R. S.A.R. is an index of sodicity or relative sodium status of soil solutions,

aqueous extracts, or water in equilibrium and is defined by the following equation

(Janzen 1993):

S.A.R. =
_ ___..f......N_a±L_

[Ca2+ + Mg2+]0.5

expressed as mmol L -I.

Quirk and Schofield (1955) explained the relationship between the S.A.R. of a

soil, soil structure, and the amount of soluble salts added to the soil. The dispersing

action of sodium (Na) can be reduced by the replacement of Na on the cation exchange

complex. Hard water, such as that originating from drift material, contains relatively

large amount of calcium and magnesium and may have sufficient electrolyte

concentration to displace Na from the exchange complex to maintain soil structure.

However, a water source such as meltwater or soft bedrock material may contain
.

relatively low electrolyte levels and high Na content, and would not replace Na on the

exchange complex to keep the soil in a well-aggregated condition. The permeability

and, therefore, structure of the soil would decline.

Rengasamy et al. (1984) reported that soils with S.A.R.s as low as 0.01 have the

potential to be dispersive. Curtin et al. (1994) reached the same conclusion after

studying the dispersion characteristics of soils from Southern Saskatchewan. They found

threshold concentration for clay dispersion existed from 1 to 3 mmol- L-I at an S.A.R.

of O. Reduced permeability and surface crusting occur when soluble salts are below the

threshold electrolyte concentration. The minimum soluble salt content is attained either
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through leaching by irrigation or rainfall, or by the addition of low salt content irrigation

water. These soils can then disperse after mechanical disturbances such as raindrop

impact or intensive cultivation.

2.2.3.2.2 Waterdrop impact

Stress caused by raindrop impact can cause breakdown of soil aggregates

(Sharma et al. 1991; Nearing et al. 1987; Al-Durrah and Bradford 1982). Sharma et al.

(1991) studied the kinetic energy of raindrops required to detach soil particles. The soil

detachability (Kd) and threshold kinetic energy (KEo) required for detachment depend

on soil strength and clay content. For sand and loam soils, the KEo ranges from 0.1 mJ

for low strength soils to 0.3 mJ for high strength soils. For clay soils the KEo ranges

from 0.2 to 0.6 mJ. These energies are equivalent to raindrops 1.1 to 3.1 mm in diameter

at terminal velocity. It is possible the impact of sprinkler irrigation water reduces

aggregate stability. Oades (1986) suggested minimizing exposure of soil to rainfall and

wetting soils slowly during irrigation to prevent dispersion and slaking.

Chiang et al. (1993) determined that sandy loams experienced a rapid drop in

hydraulic conductivity after 10 minutes of exposure to rainfall. Clay soils experienced a

slight gradual decline in hydraulic conductivity over 40 minutes.

2.2.3.2.3 Wetting and drying

Rapid contact with water causes rewetting and rehydration of particle surfaces.

Rewetting, with the presence of entrapped air in pores, encourages the destruction of

aggregates (Oades 1986). Soulides and Allison (1961) found that an increase in the

number of wet-dry cycles is negatively correlated with aggregate stability. Oades (1986)
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further concluded that the rate of soil wetting must be controlled under irrigation in an

attempt to minimize aggregate degradation. To maintain adequate aggregate stability

under irrigation, soils must be wetted slowly. Should irrigated fields experience cycles

of wetting and drying, rather than a continual wet period, aggregate stability may be

deleteriously affected.

Antecedent water content of soils is a critical factor for the extent of aggregate

destabilization by soil disruption (Kemper et al. 1985). Kemper and Rosenau (1984)

suggested soils will experience less disruption if soil particles are left to regain solid

phase cohesion before saturation by irrigation.

2.3 Nutrient Availability

Various factors influence the nutrient availability of soils. Agronomic practices,

such as crop rotation and fertilization, have an impact on the cycling of OM, nitrogen,

phosphorous, sulfur, and potassium. The following section examines the influence of

irrigation and dryland management practices on nutrient availability and fertility of

soils.

2.3.1 Soil Organic Matter and Nitrogen Availability

Quality of SOM can be used as a measure of overall soil quality and has

significant impact on the fertility of a soil. SOM can be divided into non-humic and

humic substances. Humic substances, or non-living organic matter, consist of large,

highly random biopolymers with complex aromatic and aliphatic structures, and contain

2% to 5% of the organic carbon in most soils (Anderson 1995). Humic substances do

not maintain well defined chemical and physical characteristics and are more resistant to
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chemical and biological degradation than non-humic OM. A large portion of SOM

exists as humic organic matter. Non-humic substances consist of organic materials such

as carbohydrates (specifically polysaccharides), proteins, and other low molecular

weight substances, and are readily degradable in soils (Schnitzer 1991). Non-humic OM

is considered the dynamic, active fraction of SOM (Anderson 1995).

Schnitzer (1991) outlined the composition of SOM as carbohydrates - 10%;

nitrogenous components - 10%; fats, waxes, and resins, - 15%; and humic substances -

65%. Schnitzer notes, however, that these numbers are averages and may vary

depending on environmental conditions. Evidence suggests soil polysaccharides and

humic substances contribute to aggregate stability (Cheshire 1979; Chaney and Swift

1984). Questions remain, however, regarding the extent of stabilization by each SOM

fraction (active polysaccharide fraction versus the inactive humic fraction), and by the

different components of soil polysaccharides.

Several studies have concluded increased fertilization and organic returns to soil

are reflected by an increase in soil C (Janzen 1987a, b). However, the functioning of soil

C may be subject to the method of agronomic management. Experimental evidence

shows SOM decomposition rates for various soils with different organic matter qualities

vary as a result of management schemes.

A relationship exists between the rate of SOM decomposition and a time

variable, considered as the apparent initial age of the organic materials. Labile, or

"young", fractions of SOM have dynamic and accelerated turnover times, therefore

decompose rapidly. Soils with a greater labile SOM fraction are considered to have

better SOM quality than soils without an extensive labile fraction (Janssen 1984). It is

possible then, to relate the differences in SOM quality to the differing proportions of
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young and old SOM in various soils. It is also possible that soils under different

management schemes have different decomposition cycles. Perhaps the management of

an irrigated field contributes to the labile, young fraction of SOM which rapidly

decomposes. The continuous cropping and yearly fertilizer additions add to the labile

SOM fraction and conceivably increase the organic C content of irrigated soils in

general. McGill and Cole (1981) suggested that although C inputs increase, the total C

content may still remain constant as a result of rapid SOM cycling through

decomposition. The cycling of the SOM, and therefore the supply of nutrients to plants,

changes and is characterized by the quality of SOM accumulating from various levels of

crop residues and inputs.

2.3.1.1 Organic nitrogen

Duxbury and Nkambule (1994) divided SOM based on soil organic nitrogen

components. The soil organic N consists of biomass N, active non-biomass N, stabilized

N, and passive N. Microbial biomass N, potentially mineralizable N, and active soil N

can be used as soil quality indicators. These different fractions of organic soil N can be

used in a conceptual model of organic soil N cycling (Figure 2.1). The active soil N pool

is the active non biomass-N and biomass N fractions that contribute to the biological

cycling of N within the soil, and is important in the N supplying capability of soil. The

N supplying portion of the soil is critical in determining the potential productivity, or

fertility, of soils.

Biomass soil N is that portion of organic N within soil microorganisms

(Duxbury and Nkambule 1994). Stabilized soil N can be released into the active soil N

fraction by disruption of aggregates through tillage, cycles of wetting and drying, or

freezing and thawing (Duxbury and Nkambule 1994; Birch 1958). This fraction of soil
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N, however, is protected because of the physical incorporation into medium and large

size aggregates. The passive N fraction is unavailable for biological decomposition. This

component is believed to contribute to the formation of small aggregates through the

interaction with soil mineral components (Tisdall and Oades 1982).

Duxbury and Nkambule (1994) stated the majority of potentially mineralizable

N originates from the active non-biomass N and some of the microbial soil N fractions,

otherwise considered as the active soil N.

POlENTIALLY
MINERALIZABLE
N
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Figure 2.1. Soil organic nitrogen.

Duxbury and Nkambule 1994.
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As the return of N residues to soil increases, the N substrate availability also

increases. An increase in organic substrate leads to subsequent increases in labile,

readily decomposable, active SOM. This theory may apply when comparing irrigation

management to dryland management. Considering irrigation requires increases in

fertilization rates and is accompanied by continuous cropping, as opposed to dryland

management, the active N fraction of the SOM should be enlarged. If the active N

fraction of the SOM is used as a soil quality indicator, in essence, irrigation

management should enhance SOM quality.

The ratio of potentially mineralizable nitrogen to total soil nitrogen (NofNt)is

considered a measure of the active fraction of the SOM (Campbell et al. 1981; Campbell

et al. 1991b). Campbell et al. (1981) found the active fraction of OM did not maintain a

direct relationship with SOM suggesting soils may experience an increase in the active

fraction of SOM without experiencing an overall increase in SOM content.

Janzen (1987a) proposed that enhanced fertilization results in increases in active

SOM and active soil organic N and, therefore, an increase in mineralizable N. This

theory holds vital importance for soil under irrigation management.' Lueking and

Schepers (1985) found an increase in mineralizable N as a result of heavier fertilizer

rates in the irrigated treatment compared to the dryland treatment. Campbell et al.

( 1991b) further suggested various N inputs may lead to different SOM quality in fields.

Agronomic management systems that return large amounts of N residue and N fertilizer

to the soil may provide more N available substrate than systems with low N residue

return or frequent fallow. Campbell et al. (1991b) concluded fertilizers can improve the

quantity, and more importantly, the quality, of SOM as effectively as inputs such as

legumes. The improvement of SOM quality of soils receiving relatively great inputs of
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fertilizer, water, and crop residues, such as those under irrigation, influences the cycling

of nutrients within the soil, and therefore, soil fertility.

2.3.1.2 Nitrogen mineralization

Nitrogen mineralization is the conversion of organic nitrogen from SOM into

plant available, inorganic nitrogen. Several studies indicate cropping practices, such as

crop rotations and fertilization patterns, influence the rate of nitrogen mineralization

(Campbell et al. 1991b; Smith and Sharpley, 1990; Janzen 1987a, b). Janssen (1984)

found that soils with a greater proportion of young, labile SOM, experience higher

relative mineralization rates than soils with an older fraction of SOM. The young SOM

accumulates as a result of cropping intensification and increased fertilization.

Campbell et al. (1991b) found instantaneous potential rates of N mineralization

(potentially mineralizable N, No * rate constant, k, at time = 0) increased with

continuous cropping and fertilization. The results reported in Table 2.3 provide several

indications. First, mineralization rate is maximum within the initial four weeks of

incubation. Second, mineralization rates are initially greater in the fertilized soils.

Mineralization rates are greatest for continuously cropped soils. These results are

important when attempting to explain the pattern of mineralization in an irrigated field

compared to a dryland field. Mineralization trends for irrigated fields should reflect

management practices such as continuous cropping and increased fertilizer rates, while

mineralization rates of dryland soils should reflect management practices such as little

or no fertilizer and frequent fallow.
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Table 2.3. Effects of rotation and fertilization on instantaneous potential rate of N

mineralization (Campbell et al. 1991b).

Time (wk) Treatment!

F-W F-W (fert.) F-W-W F-W-W

(fert.)

Cont W Cont. W

(fert)

Instantaneous potential rate ofN mineralization (kg ha-l wkJ)

0 24.5 32.0 28.3 37.6 36.1 55.4

4 16.7 18.3 17.9 19.8 20.1 28.4

8 11.3 10.5 11.4 10.5 11.2 14.6

12 7.7 6.0 7.2 5.5 6.3 7.5

16 5.2 3.5 4.6 2.9 3.5 3.8
tF - fallow; W - wheat.

Smith and Power (1985) and Smith and Sharpley (1990) found readily available

fertilizer N was acquired by microorganisms during residue decomposition. Newly

formed, fertilizer derived soil N is more labile than indigenous soil N and is

preferentially appropriated by the soil microbes in decomposing crop residue.

Levels of potentially mineralizable N tend to be greater in soils experiencing

continuous rotations, absent of fallow (Janzen 1987b). In an experiment examining

cropping effects on the functioning of a soil, mineralizable N levels ranged from 68 mg

kg! in a fallow-wheat treatment, to 133 mg kg! in a continuous wheat treatment.
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Levels of mineralized N were closely related to the light fraction of SOM, which

consists primarily of incompletely decomposed SOM from plant materials. The light

fraction of SOM was significantly higher in the continuous wheat rotation than in

rotations including fallow. Janzen (l987a) also found that N fertilization increased N

mineralization in treatments receiving N fertilizer.

The work of Lueking and Schepers (1985) in the Nebraska Sandhills studied the

effects of irrigation and subsequent agronomic practices on mineralizable N of sandy

and sandy loam soils. Significant increases in incubation and autoclave mineralizable N

were found in soils from the irrigation development (Table 2.4). The management

practices used on irrigated fields also led to greater concentrations of total N and C in

the 75-150 mm depth than in the dryland comparisons. Significant increases in inorganic

N were apparent in the irrigated treatments at all three depths. Lueking and Schepers

attribute the accumulation of inorganic N to greater fertilizer usage and increased

mineralization in the irrigation treatment over the dryland. An increase in the C/N ratio

of irrigated soil represents the increase in total C, or the increase in dry matter returned

to the field. They further explain the augmentation of C/N caused by incorporated crop

residue undergoing mineralization in the surface 75 mm, and inorganic N'being leached

into lower soil depths.
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Table 2.4. Nitrogen and carbon treatment means for irrigated and dryland portions of a

field (Lueking and ScheEers 1985).

Soil DeEth
0-75 mm 75-150mm 150-300mm

Parameter Irrigated Dryland Irrigated Dryland Irrigated Dryland

kg ha-l

Total Kjeldhal N 715 731 569**** 507 850 796

Total soil C 8600 8230 6400**** 5650 9190 8650

Inorganic soil N 16** 10 16** 10 20* 12

Incubation 180 192 104**** 75 64**** 53
mineralizable N

Autoclave 38 35 30*** 24 42* 34
mineralizable N

C/N ratio 12.2**** 11.5 11.3 11.3 11.0 10.9
*,**,***,**** Treatment means (Irrigated and Dryland) are significantly different at the
0.05,0.01,0.10, and 0.20 levels of probability respectively.

Other factors may influence N mineralization in irrigated soils. Research

indicates SOM decomposition and subsequent nitrification is accelerated with increasing

wetting and drying cycles over control soils (Birch 1958; Soulides and Allison 1961).

Soulides and Allison (1961) further indicate the amount of C02 evolved

correspondingly increased with the repetition of wetting and drying cycles. Should

irrigated fields experience continual wetting and drying throughout the growing season,

an increase in mineralization is consequently expected.
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2.3.2 Phosphorous, Sulfur, and Potassium

Nutrient availability for plant growth is influenced by several factors, such as

nutrient type and concentration, plant root surfaces, soil structure, and soil chemistry.

The following sections address the possible effects of long-term irrigation on available

phosphorous (P), sulfur (S), and potassium (K) content of soil.

2.3.2.1 Phosphorous

Irrigation management may affect soil P through increased soil moisture

contents or increased fertilization. Yavitt et al. (1993) found that amounts of extractable

P appear to increase under irrigation. The increase in moisture content of irrigated soils

may have contributed to the mineralization of P.

McKenzie et al. (1992) found that the application of N fertilizer combined with

continuous cropping increased the labile P content of SOM. Resin-Pi levels were 5.7 to

8.9 times greater in P fertilized fields compared to fields receiving no P fertilizer .

.

Similarly, levels of bicarb-Pi and NaOH-Pi were 2.7 to 4.5 and 2.7 to 3.9 times greater

in the P fertilized fields than the fields receiving no P fertilizer. McKenzie et al. (1992)

also studied the effects of cropping on P levels. Compared to uncultivated land, bicarb-

Po levels were 41 and 33% lower in continuously cropped and wheat-wheat-fallow

rotations respectively. The decline in Po was attributed to 74 years of cropping and

cultivation resulting in increased mineralization of Po.

Lueking and Schepers (1985) and Hussein et al. (1992) concluded an increase in

available P resulted from intensified P fertilization of irrigated fields when compared to

dry land fields. Hussein et al. (1992) found a significant difference (P<O.O 1) of available
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bicarb-P for irrigated and dryland Zimbabwe Vertisols with values of 54 ug s' and 10

ug g-I respectively. Phosphate rarely leaches, therefore, any applied phosphate fertilizer

results in detected available P.

Tiessen et al. (1982) suggest the absence of fertilizer inputs results in the

depletion of both inorganic and organic soil P. McKenzie et al. (1992) found significant

increases total P and inorganic P fractions could be attributed to the addition of P

fertilizer. The greatest influence of P fertilizer was on the labile forms of inorganic P.

The addition of both Nand P fertilizers increased labile organic and inorganic P

fractions.

2.3.2.2 Sulfur

If increased soil moisture encourages mineralization of organic materials, soil S

may also be influenced by irrigation management. Laboratory conditions have produced

results showing S mineralization was positively correlated with soil moisture (Yavitt et

al. 1993). As soil moisture increased, the rate of S mineralization increased
.

correspondingly. The mineralization of S to sulfate under moist conditions, however,

also encourages the leaching of highly soluble sulfates.

The S04-S levels of irrigated soil may reach an equilibrium with the amount of

S04-S applied over several years through irrigation water. Irrigation water near Outlook,

Saskatchewan contains approximately 66.5 mg L -I of S04 (Table 2.2, page 13).
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2.3.2.3 Potassium

Soil K exists as relatively unavailable, slowly available, and readily available

(Tisdale et al. 1985). The amounts of unavailable and slowly available K affect the long

term status of soil K. Soil K may also experience changes due to irrigation management

Dubetz and Dudas (1981) found that 66 years of continuous cropping under

irrigation depleted the exchangeable K content by 28% in the 0 to 15 cm depth. The K

removal by the crop was calculated as 86 kg ha -1 yr! while K additions through

irrigation water and manure were 26 kg ha! yrl. The extractable K, or slowly available

K, did not decrease on irrigated, continuously cropped soil. Dubetz and Dudas (1981)

concluded that K from the extractable pool was converted to readily available,

exchangeable K which was then depleted through crop uptake. The extractable K pools

of the Orthic Dark Brown Chernozems were maintained by breakdown of micaceous

minerals and/or feldspars.

Yavitt et al. (1993) found that rapid OM turnover in irrigated soil releases

exchangeable cations (Ca, Mg, and K) from decomposing SOM. This release of cations

contributed significant amounts of Ca and Mg to soil, while K and Na were only minor

components of this release. Hussein et al. (1992), however, found no significant

difference between exchangeable K values of irrigated and dryland crops. Crop nutrient

requirements under irrigation differ from dryland crops, and it is possible the additional

release of K in irrigated fields is counteracted by crop utilization and removal through

harvest. It is further conceivable that decades of prosperous harvests may result in the

removal and subsequent depletion of K from irrigated soils.
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2.4 Microbiological Properties

Microorganisms are vital to the soil system by functioning to: 1) cycle organic

materials, 2) release nutrients as SOM is oxidized, 3) store carbon and mineral

elements in their living biomass (Anderson and Domsch 1980), and 4) contribute to soil

structure (Metting 1992). The oxidation of carbon substrates for microbial energy and

growth results in the evolution of C02 and is accompanied by mineralization of N, P,

and S. A measure of microbial biomass may be used to quantify the process of SOM

decomposition. Biomass estimates and microbial activity are positively correlated with

SOM (Schnurer et al. 1985), and the relationship is a useful tool in determining effects

of different management options. If the microbial biomass is altered by management

practices, the rate of OM decomposition in turn, may also be influenced.

Badia and Alcanz (1993) studied the effects of irrigation and the addition of

various organic amendments on the amount of C02 evolved from the soil as well as

specific respiratory activity (ug C02-C Jlg-1 biomass C). Irrigation was found to

increase the amount of C02 evolved from the soil (P<0.05). The increase in C02

evolution under irrigation was attributed to abundant moisture availability for microbial

processes. Irrigation, however, had no effect on the release of C02 per unit of microbial

biomass. Straw amendments increased both microbial basal respiration and specific

respiratory activity (P<O.OOl). Any activity thought to rejuvenate microbial populations

would increase the specific respiratory activity.

Schnurer et al. (1985) concluded the OM decomposition rate and specific

respiratory activity were greatest for soil receiving straw and N additions (Table 2.5).

The difference in decomposition rates were indicative of various levels of substrate

availability. The increase in specific respiratory activity reflects the treatment receiving
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easily decomposable organic materials (straw + N). Sorensen (1974) found the addition

of organic amendments, and the repeated wetting and drying of soils (compared to soils

kept continuously moist), increased the rate of evolution of CI4 labelled COz. The rate

of decay of native SOM increased 12 to 30% as a result of the wet-dry cycles. Sorensen

also reported, however, additions of unlabelled, decomposable organic material

increased the rate of C02 evolution more than the increases attributed to wetting and

drying.

Table 2.5. Decomposition rates and specific respiratory biomass activity of soils under

different soil amendment treatments (Schnurer et al. 1985).

Treatment Decomposition rate Specific respiratory activity
(ug C02-C (Jlg C02-C

s org_anic marrer! dar:l) �
-I biomass C)

fallow 71 0.13

no addition 102 0.15

N (80 kg ha -I yr-I) 97 0.13

straw (1800 kg C) + N (80 214 0.20

kg ha! yr-I)
manure (80 kg N & 1800 176 0.17

kg_ C ha! �-l)

In a comparison of decomposition rates Sorensen (1974) found faster

decomposition of labelled organic materials than native SOM. The rate of

decomposition depended on the age of the labelled material; the younger the material

(1.5 years compared to 3.3 and 8 years), the faster the rate of decomposition. These
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results, as well as the conclusions from Badia and Alcanz (1993), suggest OM

decomposition rate, measured as C02 evolution, depends on: 1) soil moisture

availability, 2) irrigation scheduling which determines the moisture conditions of a

field, and 3) the addition of organic amendments. The addition of organic materials,

however, affects COz evolution and the rate of OM decomposition more than irrigation.

Greater OM decomposition of irrigated fields, measured by C02 evolution, can be

attributed to abundant moisture supply and, more importantly, organic residue as a result

of intensified cropping.

Although it is plausible that management practices such as continuous cropping

have great effect on the microbial populations of irrigated fields, it is difficult to entirely

eliminate the possibility of altering the microbial community through the application of

water. Changing the moisture regime of a soil may alter the size of a microbial

community or.the constituents of that population, considering the tolerance of various

microorganisms to different soil-water conditions. Sukhova et al. (1988) assessed the

relative abundance of bacteria and actinomycetes, the qualitative composition of

actinomycetes, and the algal population of irrigated soils. In comparison with dryland

fields, the soils under irrigation tended to contain more microorganisms such as blue

green algae, green algae, and diatoms. The shift in populations under irrigation indicated

the microbial populations adapted to their environment. Increases in algal diversity and

algal biomass are expected within irrigated soils because of the moisture regime and

perhaps the increase in crop residue returned to soil.
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3. MATERIALS AND METHODS

The following chapter addresses the methods of site selection, soil sampling, and

laboratory analyses for the SSRID #1 and Piapot/Maple Creek experiments. The SSRID

#1 experiment was considered the paramount experiment. The replicates at Piapot and

Maple Creek were included in the study as auxiliary experiments because of the long

time irrigation which has been practiced in those areas.

3.1 Statistical Analysis

The statistical design of this study was a randomized complete block design.

This One-Way Anova method is identical to a Paired T-test with two treatments. The

two treatments within this study are the irrigated and dryland management systems. All

statistical analyses were conducted using Statistical Analysis System (SAS) (SAS 1989).

The SSRID #1 contained 12 replicates each consisting of an irrigated and a

dryland treatment. At Piapot and Maple Creek, sub-samples were treated as replicates

for statistical analysis. These replicates also contained an irrigated and a dryland

treatment each. The replicates at the SSRID #1, Piapot, and Maple Creek were

statistically analyzed as separate experiments. Three separate experiments can be

considered for this study: 1) the 12 replicates in the SSRID #1, 2) the three replicates

from Maple Creek. The two meadows from the Piapot area were also statistically

analyzed separately as 3a) the three replicates from Meadow 1, Piapot, and 3b) the

three replicates from Meadow 2, Piapot.
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3.2 Site Selection

3.2.1 South Saskatchewan River Irrigation District #1

Twelve paired dryland and irrigated replicates within the SSRID #1 (Figure 3.1)

were chosen for comparison of irrigated and dryland management. It was essential to

choose irrigated and dryland treatments within each replicate such that EC and texture

were similar for assurance that the pair had contained virtually the same soils before

irrigation began. Because of the limited number of dryland soils in an irrigation disuict,

dryland fields within the SSRID #1 were considered first for the study. These fields

were chosen based on conductivity, location, and proximity to its potential irrigated pair.

This study focused on the effects of long-term irrigation excluding salinization,

therefore, relatively low EC values were required for both the irrigated and dryland

soils.
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Figure 3.1. The South Saskatchewan River Irrigation District #1.

Saskatchewan Depanment ofAgriculture 1986.
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Irrigated treatments were chosen adjacent to the dryland treatment (Figure 3.2).

An irrigated treatment paired with a dryland treatment constituted a replicate. The

irrigated soils were chosen based on EC, length of irrigation, and proximity to the

respective dryland soil. The initial field conductivity was assessed with an EM38

conductivity meter (section 3.3, page 36). If the preliminary EM readings for the two

treatments were within the same relative range, the soils were then analyzed for particle

size distribution. Particle size analysis further ensured accuracy in pairing the

treatments.

a Irrigated
a
a
N

200m

� I Drymnd I
200m

Figure 3.2. Example of a replicate in the SSRID #1 experiment. The irrigated treatment

and dryland treatment were paired to form a replicate. Figure is not drawn to scale.
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The goal of this study was to assess soil properties of irrigated and dryland soils

at a field level. Site selection, therefore, also depended on the need for an adequate area

for sampling. Each of the dryland and irrigated treatments in the SSRID #1 was

approximately 4 ha in size.

Information on field history and management practices was gathered and

recorded including cropping history, fertilizer use, and length and method of irrigation

(Appendix B). Ten of the twelve irrigated fields were irrigated by sprinkler. The

remaining two irrigated fields (replicates 7 and 9) were irrigated by border dike surface

irrigation.

3.2.2 Piapot and Maple Creek

Irrigation treatments were selected from Piapot and Maple Creek, Saskatchewan

to represent irrigation in the southwestern portion of the province, where irrigation has

been practiced much longer than in the SSRID #1. Irrigation in the Maple Creek Project

started in the 1940s, while the back flood irrigated areas near Piapot have been irrigated

for over 100 years.

The agronomic practices at Piapot and Maple Creek differ from the practices

within the SSRID #1. The nature of irrigation is flood method at both Piapot and Maple

Creek. Irrigation of the treatments at Piapot occurs naturally with the annual spring

flood. Neither Piapot nor Maple Creek replicates have been inorganically fertilized, as

opposed to the occasional fertilization of the dryland treatment or yearly fertilization of

the irrigated treatment in the SSRID #1. Field history and management practices

including cropping history, fertilizer use, and length and method of irrigation are

recorded in Appendix B.
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The same philosophy was used for site selection in the Piapot and Maple Creek

experiment as was used in selecting sites within the SSRID #l. Although a greater

challenge than in SSRID #1, site selection near Piapot and Maple Creek was also

initially based on soils with relatively low and consistent EM readings. The irrigated and

dryland treatments which had similar EM38 readings and texture, and were in close

proximity of one another, were paired.

3.3 EM Readings

To conduct a preliminary survey of the conductivity of a soil considered for this

study, conductivity readings were taken with the EM38 conductivity meter across the

treatments and recorded in the Polycorder Data Logger 720 (Geonics Ltd. Mississauga

ON 1995). These initial readings acted as an interpretive tool of the conductivity of the

soil across the field and were also used to detect the relative range in EM readings

between the dry land and irrigated pair.

Fields grids were used for systematically recording EM readings: Illustrated in

Figure 3.3, EM readings were taken at each designated grid point progressing up and

down the lines. Nearly 600 vertical EM readings, to approximately 1.2 m soil depth,

were taken per field (except for the smaller areas of some treatments in Piapot). This

information was downloaded from the Polycorder to a computer using Dat 38 V3.22

software (Geonics Ltd. Mississauga ON 1995) and converted into readable files using

the Dat 38 software. The data was then transferred into a Rockware software program

and transformed into a matrix. Then using Delta Graph, the EM readings within the

matrix were mapped. The maps serve as indicators of EM38 reading ranges for a

replicate and maximum EM38 values for the entire study.
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Figure 3.3. Example of EM field grid. EM readings were recorded on the Polycorder at

every 3 m on each line.
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3.4 Soil Sampling

3.4.1 South Saskatchewan River Irrigation District #1

Soil sampling was conducted from June 15 to June 21, 1995. Single cores (1.9

ern diameter) were taken with a Backsaver Soil Probe to a depth of 30 em at 30 random

locations within each irrigated and dryland treatment of each replicate. The 30 soil cores

from each treatment were bulked to achieve 12 replicates of the paired irrigated and

dryland treatments (i.e., 30 cores bulked from the irrigated treatment, and 30 cores

bulked from the dryland treatment constitute one replicate with two treatments).

On the same days as the samples were taken, the soil was transported to the soil

storage quonset and a moist weight was recorded. Samples were then allowed to air-dry

for approximately one week and an air dry weight was recorded. The soils were then

bagged and stored at 4°C. Portions of the soil samples were transported to Enviro-Test

Laboratories (ETL) Saskatoon for fertility analysis.

3.4.2. Piapot

At Piapot, two pairs of irrigated and dryland treatments were chosen (Figure

3.4). These pairs were divided into the Meadow 1 irrigated and dryland treatments and

the Meadow 2 irrigated and dryland treatments. The two meadows were analyzed

separately. The division between the two meadows was necessary because Meadow 1

has been irrigated for over 100 years, while irrigation of Meadow 2 began after a dike

was built over 60 years ago.

The treatments at Piapot were sampled to 30 em soil depth with a corer (3.2 cm

diameter) on a hydraulic punch truck. The irrigated treatment in Meadow 1 was
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approximately 2.6 ha (Figure 3.4). The dryland treatment in Meadow 1 was

approximately 0.5 ha. Three sub-samples at the irrigated treatment of Meadow 1 were

taken at 20 random locations throughout the field. These sub-samples were bulked and

treated as replicates to achieve three replicates of the irrigated treatment.

The three sub-samples of the dryland treatment in Meadow 1 were taken at 10

random location, bulked and treated as replicates. The reduction in sampling locations

of the dryland treatment in Meadow 1, as compared to the irrigated treatment, was due

to the restriction in sampling area. The bulked sub-samples made up the three replicates

of the dryland treatment. The three replicates from the irrigated treatment were paired

with the three replicates from the dryland treatment for statistical analysis.

The areas of the irrigated and dryland treatments form Meadow 2 were 4 ha each

(Figure 3.4). For the irrigated and dryland treatments of Meadow 2, three sub-samples

were taken at 20 random locations throughout the field. The sub-samples from each

treatment were bulked and treated as replicates to achieve three replicates of the

irrigated treatment and three replicates of the dryland treatment. Again, the three

replicates form the irrigated treatment were paired with the three replicates from the

dryland treatment for statistical analysis.

The samples were transported to a storage quonset, wet weights were recorded,

and the soils were sir-dried. Soil samples were then sent to E11.. Saskatoon and analyzed

for N, P, K, S, OM, sc, and pH.
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Figure 3.4. Example of the replicates from the Piapot experiment. Figure is not drawn

to scale.
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3.4.3 Maple Creek

The irrigated treatment selected at Maple Creek was under a border dike

irrigation system. Both the irrigated and dryland treatments were sampled to 30 em

depth with a hydraulic punch corer (3.2 em diameter). Three sub-samples were taken

from 20 random sampling points within each treatment (Figure 3.5). The three bulked

sub-samples acted as replicates in the statistical analysis.

�D
200m

Figure 3.5. Example of the replicates from the Maple Creek experiment: Figure is not

drawn to scale.

The samples were transported to a storage quonset, wet weights were recorded,

and the soils were air-dried. Soils samples were then sent to ETL Saskatoon and

analyzed for N, P, K, S, OM, EC, and pH.
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3.5 Soils of the Research Areas

3.5.1 South Saskatchewan River Irrigation District #1

Soils from the SSRID #1 used in this study are classified as Dark Brown

Chernozems (Ellis et al. 1970). The soils from the northern portion of the study are

coarse textured Asquith soils, formed from glacio-fluvial and lacustrine parent material

and are weakly to moderately calcareous. South of the Asquith soils, the Bradwell

medium to fine textured soils are located. These soils were formed from glacio

lacustrine material and are moderately calcareous. Elstow soils are located in the

southern portion of the research area. Elstow soils are medium to moderately fine

textured, moderately calcareous, and are formed from silty glacio-lacustrine parent

material.

3.5.2 Piapot and Maple Creek

Soils sampled from the Piapot and Maple Creek areas are classified as Brown

Chernozems. The soil from Piapot is Alluvium and has a silty clay loam texture

(Saskatchewan Soil Survey 199Ia). All treatments in the Piapot experiment contained
seeded grasses and historically were grazed in the winter months and cut for hay in the

summer (Appendix B). The heavy clay soil from Maple Creek is classified as a well

drained Sceptre that has formed from lacustrine material (Saskatchewan Soil Survey

1991 b). The irrigated treatment from Maple Creek contained alfalfa and the dryland

treatment contained brome grass/alfalfa.
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3.6 Laboratory Methods

3.6.1 Soil Physical and Chemical Properties

3.6.1.1 Particle size analysis

Particle size analysis was conducted on soils from the SSRID #1 using a pipette

procedure (Sheldrick and Wang 1993). Aluminum foil dishes (each sample required

three dishes for sand, silt and clay, and clay fractions) were labelled and weighed for

eventual oven drying of soil fractions. Weights were recorded for use in calculating

percentages of sand, silt, and clay. From each sample, 10 g of <2 nun sieved soil was

placed into labelled 500 mL beakers.

To remove carbonates from the samples, 20 mL of HCI was added to the soil.

The samples then sat for one hour. After 15 minutes a few drops of HCI were added to

the soil samples to test for further effervescence, indicative of the presence of

carbonates. If effervescence occurred, an additional 10 mL of HCI was added and the

samples stood for another hour. Soil samples were then washed from the flasks into

labelled centrifuge tubes using deionized water. The samples were centrifuged for 7

minutes at 1500 rpm. The soil was then washed with deionized water into 500 mL

flasks.

To remove organic matter, 40 mL of 30% H202 were added to each sample. The

flasks were then placed on hot plates at 100°C overnight. The next day, the samples

were allowed to cool and the flasks were then brought up to 350 mL with deionized

water and shaken. Flasks sat overnight.
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To disperse the samples, 5 mL of Calgon (3% sodium metaphosphate) was

added to each sample. The flasks were sealed with rubber stoppers, shaken by hand, and

placed on an oscillating table overnight

Contents of the flasks were then poured through a 300 mesh screen into lL

settling cylinders. The contents of the cylinders were brought to lL each with deionized

water. The cylinders were placed in the settling tank overnight. The sand fraction on the

300 mesh sieve was then washed into an aluminum foil dish and placed in the oven at

lO5"C overnight to dry.

The contents of the settling cylinders were stirred and 20 mL was removed, 10

em below the surface of the meniscus, from each cylinder using a pipette. The solution

was placed in the aluminum foil dishes and then into the oven at lO5"C to dry. The

contents of these dishes represent the silt and clay fraction of the soil sample. After

settling for the appropriate length of time, 20 mL samples were again pipetted from 10

ern below the solution surface and placed into aluminum dishes and dried overnight in

the oven at lO5"C. The portion in these dishes represents the clay fraction of the sample.

After the contents of all the dishes were dried, the weights were recordect and the net

soil fraction weight was determined. Sand, silt, and clay fractions were then determined.

3.6.1.2 Moisture content and bulk density

Gravimetric moisture content was determined on air-dried soils using the

following equation:

% moisture content = (wet weight - air dry weight) x lOO

air dry weight
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Bulk density (Blake and Hartge 1986) was determined on all of the air-dried

bulk soils with the following equation:

Bulk density (g cm-3) =

(1t r2 (em) h (cm)) x number of cores

3.6.1.3 Electrical conductivity and pH

Electrical conductivity and pH were determined at ETL Saskatoon. Electrical

conductivity was measured on a 1:2 (soil:water) suspension with a conductivity meter

(Janzen 1993). Soil pH was measured on a 1:2 soil:water suspension with a pH/mY

meter (Hendershot et al. 1993b).

3.6.1.4 Aggregate stability

Wet aggregate stability was determined on the soils from the SSRID #1 by the

wet sieve method (Angers and Mehuys 1993a). Approximately 20 g of soil was retained

on 1 mm sieve after passing the soil through a 2 mm sieve. The net soil weight was

determined and transferred to 60 mesh (250 urn) sieves. The sieves were placed in the

wet sieving apparatus. The soil was wet sieved for 5 minutes, oven-dried at 105"C

overnight, and weighed to determine the aggregate amount. The soil samples were then

washed on the sieve under a stream of tap water to determine the amount of primary

particles. Again, the soil was oven-dried overnight and weighed. The following equation

was used to determine aggregate stability:

%AS = (weight aggregates + primary particles) - weight primary particles x 100

weight sample - weight primary particles
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3.6.1.5 Detailed salinity and alkalinity

A detailed salinity analysis was conducted on all soils from Piapot. Included in

the detailed salinity analysis were measurements of anions, cations, EC, pH, and sodium

adsorption ratio (S.A.R.). Anions were quantitatively measured on a saturated paste

extract using an ion chromatograph (Neito and Frankenberger 1985). Cations were

determined on the extract with an inductively coupled plasma atomic emission

spectrophotometer (lCP) (Hendershot et al. 1993a; Enviro-Test Laboratories 1996).

Saturated pastes were analyzed for EC (Janzen 1993) and pH (Hendershot et al. 1993b)

with a conductivity meter and a pH/mY meter respectively. S.A.R. was calculated after

determining the concentration of Ca, Mg, and Na by the ICP (Janzen 1993).

The results of the detailed salinity analysis lead to an alkalinity analysis on the

irrigated and dryland pair from Meadow 1, Piapot. The alkalinity analysis quantifies

bicarbonate (HC03) concentration on a saturation paste extract (Goh et al. 1993).

3.6.2 Nutrient Availability

3.6.2.1 Nitrogen

Nitrogen status was measured through a number of different parameters

including initial N03-N, percent organic matter (OM), nitrogen mineralization, and

nitrogen release as determined by a plant root simulator. The cycling of N was

monitored by a plant uptake experiment.
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3.6.2.1.1 Initial nitrate-nitrogen and organic matter

Nitrate-N was extracted by a 0'()01 M CaCb solution and measured with a Flow

Injection Ion Analyzer (Maynard and Kalra 1993). Percent OM was determined by the

ModifiedWalkley-Black wet oxidation method (Tiessen and Moir 1993).

3.6.2.1.2 Nitrogen mineralization

The amount of mineralizable soil organic N converted to plant available N was

assessed on the soils from the SSRID #1. A nitrogen mineralization experiment was

conducted on the 24 soil samples from the SSRID #1. This method of determining

mineralization is a variation of the commonly used closed-system incubation. Air-dried

soil was passed through a 2 mm sieve. Clear plastic tubing 30 em in length with 2.5 em

diameter was used as the incubation apparatus. The tubes were covered at one end with

double layered cloth netting held in place by two rubber bands. The covered tubes were

weighed (weight #1). Soil was then transferred into labelled tubes until reaching

approximately 2.5 cm from the top. The tubes were weighed again and the weights were

recorded (weight #2). The net soil amount was calculated by subtracting weight #1 from

weight #2. Depending on soil texture, either 10% (for loamy sands and sandy loams) or

15% (for loams) of deionized water by volume was added. This quantity of water

ensured field capacity was maintained in the upper 3/4 portion of the tube and dry soil

remained at the bottom of the tube. The open end of the tube was then covered with

parafilm to avoid desiccation of the soil samples. Six holes were punctured through the

parafilm to allow for aeration. The soil samples remained untouched for 2 weeks. At 2

weeks, the parafilm and cloth were removed and the moist portion of the soil sample

was bagged and sent to ETL Saskatoon for N03-N analysis by 0.001 M CaCl2

extraction (Maynard and Kalra 1993).
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3.6.2.1.3 Nitrogen supply rate

Nitrogen supply rate was determined using an anion exchange membrane

(AEM). The AEM can account for the N03-N initially present in the soil as well as the

mineralized N03-N sorbed by anion exchange over a 2 week burial period. The sorbed

N03 is an indication of the "supply rate" and is expressed in ug N03-N lOcm-2 2wk-l.

The initial N03-N was measured by extraction with a 0.001 M CaC12 solution

and measured with a Flow Injection Ion Analyzer (Maynard and Kalra 1993).

Mineralization was assessed by two methods: 1) nitrogen mineralization by incubation

(section 3.6.2.1.2, page 47), and 2) AEM (Qian and Schoenau 1995). Values for the

irrigated treatment of replicate 4 are not available due to the limiting amount of soil.

To determine the amount of N03-N mineralized using AEM, 150 g of air-dried

soil were transferred to a 150 mL polyethylene vial. The sample was brought to field

capacity with deionized water and the vial was sealed with parafilm to avoid desiccation

of the soil. The incubation temperature was set at 30·C. Before using the AEM, the

membrane was converted to HC03 form by soaking in 0.5 M NaHC03 overnight. The

AEM, which has 16.5 cm2 of surface area and is encapsulated in a plastic probe, was

inserted into the soil. After a 2 week incubation period, the AEM was retrieved from the

soil and washed with deionized water. The sorbed ions were eluted using 0.5 M Hel

(Qian et al. 1992). The AEM N03-N values were reported as the amount of N03-N

accumulated on the resin strip per area of AEM strip.

A growth chamber experiment was conducted to assess the N uptake and yield of

canola (Brassica napus) following the methods of Qian and Schoenau (1995). The
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"Excel" variety of canola was grown to late flowering stage in a growth chamber set at

26"C daytime and 12"C at night. Plants were grown in styrofoam pots containing 200 g

of air-dried soil. The soil was fertilized with 6 mg P, 40 mg K, and 10 mg S per pot. All

soils were also given a blanket nutrient application of Cu, Zn, Mn, Mo, and B at rates of

0.12, 0.8, 1.0, 0.12, and 0.3 mg respectively to each pot. The pots were watered twice a

day to maintain approximately 90% of field capacity. The canola was harvested at the

late flowering stage (8 weeks).

Plants were then oven-dried at 6O"C, weighed for dry matter yield, and ground in

a stainless steel mill. Total N in the plant tissue was determined on the Automated

LECO CNS Analyzer.

3.6.2.2 Phosphorous, sulfur, and potassium

Phosphorous, S04-S, and K were measured at ETL Saskatoon. Available P was

extracted by the Modified Kelowna method and measured colourimetrically with an

Auto-Analyzer (Qian et al. 1994). Available K was extracted with the Modified

Kelowna method and determined by flame emission spectrometry (Qian et al. 1994).

Available S04-S was extracted by a 0.001 M CaCb solution and measured on a Flow

Injection Ion Analyzer (Kowalenko 1993).
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3.6.3 Algal Biomass

The amount of chlorophyll-a extracted from a soil is an estimate of algal biomass

(Lorenzen 1966; TaIling 1971; Heaney 1978). Chlorophyll-a extraction was conducted

to evaluate the algal biomass of representative dryland and irrigated fields within the

SSRID #1. This experiment assessed chlorophyll-a contents in paired irrigated and

dryland fields, as well as chlorophyll-a trends across a growing season. The details of

this experiment are based on the procedures of Shubert and Starks (1979) and Talling

(1971). Algae contain photosynthetic pigments such as chlorophyll-a. Comparing

chlorophyll-a content in irrigated and dryland fields provides an indication of potential

treatment effects on algal biomass.

To ensure accuracy of this experimental method, pure chlorophyll-a was added

to soil in varying amount. The chlorophyll-a was then extracted to determine the percent

recovery. The standard curve for this procedure is presented in Appendix A (Figure 7.1,

page 124). The percent recovery proved accurate enough to use this method of

chlorophyll-a extraction.

The extraction proceeded weekly, commencing July 7, 1995, for five weeks on

the treatments of replicate 5 (Figure 3.6). This replicate was chosen as representative of

the respective management practices. Six sub-samples were taken from each treatment

at 10 random sampling points. Each set of bulked sub-samples acted as replicates

representing the irrigated and dryland treatments.
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The soil samples were taken with a Backsaver Probe (1.9 em diameter cores) to a

depth of 10 em. The probe was sterilized with 70% ethanol between each probing. The

samples were transported from the field in a cooler to attempt to maintain the field
.

environment. Samples were stored overnight at 4°C. Before analysis, the soil samples

were sieved through a 2 mm sieve. Once the soil was sieved, 5 g was transferred to a

flask and 40 mL of 99% acetone and 10 mL of dimethyl sulfoxide were added to the

soil. The flask and contents remained in a fumehood for 1 hr. The mixture was then

placed on the magnetic stirring apparatus for 5 min, and then filtered using No.2

Whatman filter paper. Immediately after filtering, the supernatant was analyzed for

chlorophyll-a in the spectrophotometer (Spectronic 1001 Plus model).

All work was conducted under subdued lighting to limit the reaction of

chlorophyll with light. Glass cuvettes (1 ern path length) were necessary for the analysis
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of the extractant, and the spectrophotometer was zeroed after every reading with an

acetone blank. Readings were taken at 750 nm and 655 nm to correct for turbidity

within the sample extractant. To convert chlorophyll to phaeopigments, or degradation

products, the extractant was acidified with three pipette drops of concentrated HeI. The

samples were then analyzed again in the spectrophotometer at 750 nm and 655 nm. This

experiment was conducted each week for 5 weeks.

Once the spectrophotometer analyses were obtained the following equation was

employed to determine chlorophyll-a concentration (TaIling 1971):

chlorophyll-a (Jlgs' sample)=11.9 [2.43 (Db-D a)] x v/l

where,

11.9 = reciprocal (xl03) of empirical absorption coefficient, taken

as 84 when defined in units of g chlorophyll L-I (acetone)

and 1 em path length

2.43 = R-(1/R), when R is 1.7 determined by

Db'D a for pure chlorophyll-a

Db = optical density before acidification

Da = optical density after acidification

v = volume of extractant (mL)

I = spectrophotometer cell path length (ern).
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4. RESULTS AND DISCUSSION

The research was divided into two experiments. The first experiment assessed

nutrient availability, and chemical, physical, and microbiological properties of

representative irrigated and dryland treatments selected from the South Saskatchewan

River Irrigation District #1 (SSRID #1). The SSRID #1 experiment was the more

intensive of the two and contained a total of 12 replicates.

The second experiment assessed nutrient availability, and chemical and physical

properties of selected irrigated and dryland treatments from areas representing the

southwest corner of Saskatchewan. Irrigation and crop production in this region are less

intensive than in the SSRID #1, but irrigation has been practiced for much longer than in

the SSRID #1. This experiment contained irrigated and dryland treatments at two

separate locations. Four treatments are located at Piapot and two treatments at Maple

Creek, Saskatchewan. The replicates at Piapot were statistically analyzed separately

from the replicates at Maple Creek.

4.1 South Saskatchewan River Irrigation District #1

The following sections address physical, chemical, and microbiological analyses

of selected irrigated and dryland soils from the SSRID #1.
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4.1.1 Texture and EM Readings

To ensure adequate pairing of treatments within the replicates of the SSRID #1,

particle size analysis and EM values were determined. Irrigated and dryland pairs

required EM readings that fell into a similar range and maintained relatively low

readings to exclude salinity as an influence on soil dynamics. It was essential to

compare treatments with similar texture to reduce extraneous variability in results not

caused by irrigation management.

The soils fall into three textural categories; loamy sand (LS), sandy loam (SL),

and loam (L) (Table 4.1). These textures vary according to the geographic location

within SSRID #1. The irrigated and dryland pairs commence with replicate 1 in the

north portion of SSRID #1. These soils are mainly sandy loams and loamy sands. Soil

textures change to loam as the replicates progress towards the south of the irrigation

project. All paired irrigated and dryland treatments within a replicate (except replicate 4)

show close agreement of textures.
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Table 4.1. Particle size analysis of replicates in SSRID #1.

Replicatet % Sand % Silt % Clay Texture

11 63 21 16 SL

ID 64 20 16 SL

21 64 23 13 LS

2D 64 21 15 LS

31 64 22 14 LS

3D 74 15 11 LS

41 55 24 21 SL

4D 54 35 11 LS

51 64 18 18 SL

5D 65 18 17 SL

6I 70 14 16 SL

6D 67 15 18 SL

7I 38 40 22 L

7D 49 30 21 L

8I 54 28 18 SL

8D 54 26 20 SL

91 49 30 21 L

9D 40 35 25 L

101 41 37 22 L

10D 46 32 22 L

111 49 27 24 L

l1D 46 34 20 L

121 48 28 24 L

12D 43 36 21 L

t I - irrigated, D - dryland.
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The EM readings are presented for replicates of the SSRID #1 in Figures 4.1 to

4.8. The EM scales indicate that the treatments within a replicate have relatively similar

ranges. The EM values rarely exceed 100 mS m+. The lowest EM values were recorded

for the relatively light textured SL and LS soils. Conversely, relatively high EM values

were recorded for the loam soils.

Based on the texture analysis and the EM readings of the replicates, it can be

assumed the irrigated and dryland paired treatments contained virtually the same soil

before irrigation began. Since the treatments within a replicate were pedologically

similar before irrigation, comparing the values from the irrigated and dryland replicates

assesses the effects of long-term irrigation on certain soil properties.
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4.1.2 Soil Physical and Chemical Properties

Moisture content, bulk density, electrical conductivity (EC), pH, and wet

aggregate stability (WAS) values of the replicates from the SSRID #1 are presented in

the following section. To assess the effect of long-term irrigation on these properties,

values for paired irrigated and dryland treatments were compared. During the

assessment, consideration was given to agronomic history, current agronomic practices,

and soil texture.

4.1.2.1 Moisture content and bulk density

Bulk density for the treatments in the SSRID #1 ranged from 1.2 to 1.7 g cm-3

(Table 4.2). There was no significant difference in bulk density between irrigated and

dryland treatments, indicating long-term irrigation has not had an impact on soil bulk

density.

Meek et al. (1992) studied the effects of traffic and tillage on a sandy loam soil

irrigated by various methods. The conclusions were: 1) irrigation methods which do

not saturate the soil result in lower bulk densities than methods that tend to saturate soil,

2) the extent of soil compaction was reduced as the time interval between irrigation and

traffic increased, and 3) the bulk density of tilled, irrigated soil may increase depending

on the degree of water saturation and the total amount of irrigation water applied. Meek

et al. (1992) found flood irrigation saturated the soil and, therefore, resulted in a higher

soil bulk density than drip irrigation.
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Table 4.2. Bulk density for irrigated and dryland treatments, SSRID #1.

Bulk density (g cm=')

Replicates Irrigation Dryland

1 1.6 1.3

2 1.3 1.3

3 1.6 1.7

4 1.3 1.5

5 1.6 1.6

6 1.3 1.3

7 1.3 1.5

8 1.6 1.6

9 1.5 1.5

10 1.6 1.6

11 1.5 1.5

12 1.2 1.3

Mean 1.45 1.47
,

SE 0.05 0.04
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The irrigated fields in this study are sprinkler irrigated with the exception of

replicates 7 and 9 which are flood irrigated. These two particular replicates, however,

give no indication of soil compaction due to irrigation. As was found in Meek et al.

(1992), irrigation would not contribute to an increase in soil bulk density if the soil was

not greatly saturated and time was allowed after irrigation before tillage and applying

traffic. The amount of water applied to the irrigated fields of the SSRID #1 may not be

substantial enough to cause an increase in the bulk density of those soils. Traffic and

tillage of irrigated fields could not cause an increase in bulk density because irrigation

farmers are generally not working fields once the growing season begins. Additionally,

time intervals between irrigation and a practice, such as spraying to control weeds, are

probably not brief enough to impact bulk density. Long-term irrigation does not appear

to increase soil bulk density.

The soil moisture content was statistically greater for the irrigated soils (P<O.05)

when compared to the dryland soils (Table 4.3). The difference in moisture content is

expected as sampling began on June 15, 1995, which was after irrigation for the

growing season had commenced.
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Table 4.3. Moisture content for irrigated and dryland treatments, SSRID #1.

Moisture content (% by weight)

Replicates Irrigation Dryland

1 18 13

2 18 11

3 16 11

4 17 17

5 13 15

6 15 15

7 21 13

8 18 14

9 14 18

10 22 13

11 21 14

12 20 12

Mean 18a 14b

SE 0.9 0.6

Mean values followed by different letter are statistically different at P<0.05.
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4.1.2.2 Electrical conductivity

The Ee of the irrigated treatment was statistically greater than for the dryland

treatment (Table 4.4). Electrical conductivity values for the individual treatments are

shown in Appendix A.

Table 4.4. Electrical conductivity means (mS cm+) for irrigated and dryland treatments,

SSRID #1.

Irrigation Dryland

Mean

SE

0.24a

0.03

0.17b

0.03

LSD (0.05) 0.061

Mean values followed by different letters are statistically different at P<0.05.

A slight increase in the conductivity of the irrigated treatment of the SSRID #1

can be expected. The conductivity of the South Saskatchewan River water measured at

Outlook, Saskatchewan was 0.41 mS cm-I (Table 2.2, page 13). Generally, all irrigation

water contains salts. The application of irrigation water promotes some accumulation of

salt in the root zone. The extent of accumulation depends upon water quality, leaching

and drainage, and irrigation method and frequency (Rhoades and Loveday 1990).

The mean conductivity of the selected irrigated fields was 0.24 mS crrr l.

Although the irrigated soils are tending to reach an equilibrium in conductivity with the

salts in the irrigation water, these soils are not considered saline. These particular
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irrigated fields were chosen to exclude irrigation-induced salinity. After approximately

20 years of irrigation, these soils are not showing evidence of salinization and, therefore,

must have adequate drainage.

4.1.2.3 pH

The pH of the irrigated treatment did not statistically differ from the dryland

treatment (Table 4.5). pH values for the individual treatments are shown in Appendix A.

Table 4.5. Mean pH values for irrigated and dryland treatments, SSRID #1.

Irrigation Dryland

Mean 8.0 8.1

SE 0.1 0.1

Previous studies have indicated relatively large, yearly applications of ammonia

based fertilizer may cause a reduction in soil pH (Schwab et al. 1989; Bouman et al.

1995). Schwab et al. (1989) assessed soil pH after 40 years of continuous fertilization

with ammonium nitrate. When compared to a 0 N rate, applications of 112 kg N ha-l

caused the pH to decrease from 6.7 to 5.4 in the 0 to 10 em depth, 6.3 to 5.7 in the 10 to

20 em depth, and from 6.0 to 5.8 in the 20 to 30 em depth. Significant changes in pH,

however, were found only when the application of N fertilizer exceeded the nutrient

level demanded by the plant.
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Bouman et al. (1995) studied soil acidification at different rates ofN-fertilizer (0,

45,90, 180 kg N ha-l) on a slightly acidic soil (pH = 5.5). They found acidification by

urea or anhydrous ammonia was minimal at relatively low application rates and

increased with increasing rates. Acidification was confined to the 0 to 15 em depth.

Potential acidity caused by urea and anhydrous ammonia nitrification can be

reversed. Neutralization may occur if the N03- produced through nitrification is taken

up by plants and assimilated into organic N. The plant uptake of N03- is followed by a

release of an equal amount of OH- into the rhizosphere, therefore, averting acidification

(Bolan et al. 1991). Irrigated soils of the SSRID #1 are not experiencing a decline in pH.

The static pH may be attributed to: 1) the relatively high base status of these soils (Ellis

et al. 1970) contributing to a buffering capacity which deters a decrease in pH, 2)

sufficient plant demand and uptake of N03- and subsequent release of OH- into the

rhizosphere counteracting a reduction in pH, and 3) fertilizer application rates, which

generally average 100 to 110 kg N ha-l, are not substantial enough to cause the pH to

decrease.

4.1.2.4 Aggregate stability

Wet aggregate stability (WAS) was significantly greater (P<0.05) for the dryland

treatment of the SSRID #1 (Table 4.6).

71



Table 4.6. Wet aggregate stability (%) for irrigated and dryland treatments, SSRID #1.

Replicate Irrigation Dryland

1 45 31

2 30 30

3 34 42

4 23 26

5 25 26

6 18 21

7 20 46

8 35 42

9 40 52

10 21 34

11 20 33

12 21 42

Mean 28a 35b

SE 2.6 2.7

LSD (0.05) 6.7

Mean values followed by different letters are statistically different at P<0.05.
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WAS has been positively correlated with OM (Tisdall et al. 1978; Campbell et

al. 1993; Rasiah and Kay 1994). The irrigated soils within this experiment, however,

have not experienced significant long-term increases in OM content (Table 4.11, page

80). The correlation coefficient between OM content and WAS of the irrigated treatment

was 0.02.

It is possible, however, that the previous years cropping practices has influenced

WAS. Relatively poor crop yields, resulting in reduced residue return, may reduce

aggregate stability. Additionally, practices such as summerfallow which encourage

tillage may also reduce aggregate stability.

By dividing the fields into groups according to the respective producers, fields

farmed by the same manager have relatively constant WAS values (Table 4.7). This

consistency suggests management history and agronomic practices of a single producer

largely influence soil aggregate stability.

Table 4.7. Wet aggregate stability (%) of irrigated and dryland treatments managed by

the same Eroducer, SSRID #1.

ReElicates Minimum Maximum Mean

Irrigation

2,3 30 34 32

4,5,6 18 25 22

10, 11, 12 20 21 21

Dryland

4,5,6 21 26 24

10,11,12 33 42 36
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By dividing the paired fields into textural groups (loamy sand, sandy loam, and

loam) the statistical results change. Table 4.8 presents the mean WAS for the three

textures. No significant difference was found for the loamy sands and sandy loams of

the irrigated and dryland treatments. However, WAS was significantly greater for

dryland loam soils than irrigated loams (P<0.005).

Table 4.8. Wet aggregate stability (%) of the three textural classes of the soils from the

SSRID #1 experiment

Loamy sand Sandy loam Loam

(replicates 2, 3) (replicates 1, (replicates 7, 9,
4t, 5, 6,8) 10, 11, 12)

Irrigation 32 29 24

Dryland 36 29 41

SE 6.4 0.18 6.2

P value 0.53 0.96 <0.005

t The dryland treatment in replicate 4 is treated as a sandy loam.

Of the three textural classes of dryland soils within this study, the loam soils had

the greatest WAS. However, the irrigated loam soils had the lowest aggregate stability

of the three irrigated textural classes. The forces which act to reduce WAS of irrigated

soils appear to affect only the loam soils. It may be possible that the relatively higher

clay content of the dryland loam soil was acting to stabilize aggregates. In the irrigated

loam soil, however, this stabilization was not occurring.
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Many studies suggest the impact of water on soil significantly reduces WAS

(Sharma et al. 1991; Nearing et al. 1987; Al-Durrah and Bradford 1982). Long-term

irrigation management may have caused a decrease in WAS due to the yearly impact of

water droplets. After 20 to 30 years of irrigation, the outcome, specifically on loam

soils, is a reduction in stable aggregates caused by the long-term application of water.

Water droplet impact, cycles of wetting and drying, rate of wetting, fallow practices and

lack of residue return may all be negatively affecting the WAS of irrigated soils.

Soils with high S.A.R.s (sodium adsorption ratio) experience clay dispersion and

subsequent aggregate destabilization and soil crusting (Curtin et al. 1994). The S.A.R. of

Asquith, Bradwell, and Elstow soils is below or very near 1 and would not be

contributing to aggregate destabilization of the irrigated treatment.
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4.1.3 Nutrient Availability

Nutrient availability was assessed by measunng several soil parameters.

Nitrogen status was evaluated to determine the potential cycling of organic Nand,

therefore, the N supplying power of the irrigated and dryland treatments of the SSRID

#1. The nitrogen content, OM content, amount of mineralized nitrogen, and plant uptake

of N were determined on both treatments. Available P, K, and S04 -S were also

measured. These parameters disclose information on the differences in cycling of OM

and the influences of different agronomic management on the nutrient availability and

fertility of irrigated and dry land soils. The following section presents the results of the

nutrient availability portion of this study.

4.1.3.1 Nitrogen

Determination of nitrogen status included analyses of initial N03-N, percent

OM, N mineralization, and N supply rate as measured by an anion exchange membrane.

A growth chamber experiment evaluated plant uptake of N and yield.

The initial N03-N contents of each of the selected dryland and irrigated

treatments of the SSRID #1 are presented in Table 4.9. The mean N03-N contents of the

irrigated and dryland treatments were 32.3 ug g-l and 9.1 ug g-l respectively (P<O.OOI).

The significant increase in N03-N in the irrigated treatment is attributed to the

agronomic management of these fields. To ensure the cost effectiveness of irrigation,

these producers must apply relatively extensive amounts of inputs in order to achieve

maximum potential yields under irrigation. For example, the average N fertilizer rate

from 1992 to 1995 for irrigated soils was 94 kg ha! compared to an average of 12 kg
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N ha-1 for the dryland soils. Sampling was conducted in early June, after fertilization

had occurred. To some extent, the values of N03-N reflect fall and spring fertilizer

application.

A comparison of fertilizer rates of irrigated treatments and dryland treatments

managed by the same producer is presented in Table 4.10. Levels of N03-N tend to

cluster according to the manager of those fields. For example, the highest N03-N levels

are found in the irrigated fields of replicates 4 through 6 (Table 4.10). These fields are

farmed by the same individual. The N-fertilization of these fields corresponds to the

highest fertilizer rates of all fields. Annual applications of ammonia-based fertilizers to

irrigated fields have significantly enhanced the amount of N03-N within these soils.
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Table 4.9. Soil nitrate-N (N03-N) comparison of irrigated and dryland treatments of

the SSRID #1.

Replicate Irrigation Dryland

------N03-N (fJ.g gl) _

1

2

3

4

5

6

7

8

9

10

11

12

Mean

SE

LSD (0.05) 8.52

35.2

20.2

16.2

62.0

33.6

42.0

14.6

28.4

50.0

26.0

26.4

32.6

20.8

5.0

6.6

11.4

8.4

7.2

10.0

7.2

8.0

6.0

10.2

8.2

32.3a

4.0

9.1b

1.2

Mean values followed by different letters are statistically different at P<O.OO1.
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Table 4.10. Nitrogen fertilizer rates and nitrate-N (N03-N) values of irrigated and

dryland treatments mana�ed b� same Eroducer, 1992 to 1995, SSRID #1.

Replicate! Fertilizer rates (kg actual N ha-l) Number Mean N03-N
of observ. (Jl� �-l)

Minimum Maximum Mean

Irrigation

1 123 134 129 4 35

2,3 0 112 84 8 18

4,5,6 0 100 82 12 46

7 0 90 68 4 15

8 0 123 76 4 28

9 112 112 112 4 50

10,11,12 112 112 112 12 28

Dryland

1,2,3 0 0 0 11 11

4,5,6 22 67 33 12 9

7,8 0 22 8 6 9

9 0 0 0 2 8

10,11,12 0 45 22 6 8

t The irrigated treatments of replicates 2 and 3 are managed by the same producer as the

irrigated treatments in replicates 4, 5, and 6, however, these soils were considered as a

separate producer group because of the textural differences and distance between the

two groups of replicates.
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Additionally, mineralization of OM (as determined by the incubation method)

has contributed to the increase of N03-N in the irrigated treatment. Table 4.11 presents

the values for OM, initial N03-N, and the amount of N mineralized in the replicates of

the SSRID #1. The mean values for mineralized N for irrigated and dryland treatments

were 17.6 ug g-1 and 9.1 ug s' respectively. The amount of N mineralized in the

irrigated treatment is significantly greater than in the dryland treatment (P<0.05).

Table 4.11. Initial nitrate-N (N03-N), the amount ofN mineralized, and OM content of

land treatments, SSRID #1.

Initial N03-N Mineralized N OM

-1 -1 %

land land land

1 35.2 20.8 4.2 8.6 2.8 1.7

2 20.2 5.0 9.2 10.0 1.7 2.8

3 16.2 6.6 8.8 8.0 1.6 1.3

4 62.0 11.4 22.0 10.4 3.4 2.9

5 33.6 8.4 30.4 10.2 1.9 1.8

6 42.0 7.2 30.0 9.8 2.8 3.1

7 14.6 10.0 9.8 9.0 3.0 3.1

8 28.4 7.2 11.4 7.2 2.1 1.9

9 50.0 8.0 10.0 8.8 3.2 3.3

10 26.0 6.0 26.0 5.8 2.4 1.9

11 26.4 10.2 21.6 10.2 2.4 2.2

12 32.6 8.2 27.4 11.6 3.2 2.2

Mean 32.3 9.1 17.6 9.1 2.5 2.4

SE 4.0 1.2 2.8 0.5 0.18 0.19

P value <0.001 <0.05 =0.3
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The group of irrigated fields with the greatest amount of mineralized N is

replicates 4 through 6 (Table 4.11, page 80). These fields are farmed by the same

producer. The next highest mineralized N values are from the group of irrigated soils in

replicates 10 to 12. These fields are also farmed by the same family. Similarly for the

dryland soils the mineralized N for replicate 4 to 6 are among the highest values. These

soils are also farmed by one producer. These results suggest mineralization is affected

by the particular management history.

The amount of OM is not correlated with the amount of mineralized N. The

correlation values for OM and amount of mineralized N are R2=().02 and R2:=0.12 for

irrigated and dryland treatments, respectively. Neither is there a correlation between the

initial amount of N within the soils and the amount of N mineralized. The correlation

values for initial N and amount N mineralized are R2:=0.09 and R2:=0.01 for irrigated

and dryland treatments respectively.

The absence of a relationship between OM content and N mineralization

suggests mineralization does not depend on OM quantity but depends on the quality of

OM returned to the field along with factors such as moisture conditions and microbial

activity. Average annual crop yields, crop residue returns, and N mineralization are

generally greater in the irrigated treatment than the dryland treatment, however, there

has not been a significant increase in OM of the irrigated treatment when compared to

the dryland treatment (Table 4.11, page 80). Static OM levels in the irrigated treatment

may reflect the rapid breakdown and subsequent mineralization of OM.

The OM found within irrigated soils may be a young and labile form which

undergoes rapid decomposition (such as narrow elN residue). Soils high in young,
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labile OM have been found to experience rapid mineralization (Campbell et al. 1991a;

Janssen 1984; Lueking and Schepers 1985).

The rapid decomposition of OM may also be affected by the addition of

substrate in the form of inorganic fertilizers. The intensification ofmineralization within

irrigated soils may also be attributed to abundant moisture and, perhaps, cycles of

wet/dry periods; both a result of irrigation.

Table 4.12 presents coefficient of determination for the parameters measured in

the N supply rate experiment, including initial N03-N, mineralized N as determined by

the two week incubation method, the N supply rate measured by the anion exchange

membrane, N uptake and yield of canola. The N supply rate considers the initial N03-N

as well as the mineralized N. Coefficients of determination would suggest a number of

factors. First, and most importantly, initial N level is as adequate a reflection of plant N

uptake and yield as N supply rate, which considers not only initial N, but mineralized N

as well. Secondly, a two week incubation for mineralization is not highly correlated with

N uptake or plant yield. Third, the difference in coefficient of determination for initial N

and N uptake (0.63) and for the two week incubation and N uptake (0.39) is attributed to

initial N03-N. Fourth, the N supply rate is largely correlated with the initial N03-N and

not necessarily correlated with the mineralized N from the two week incubation.
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Table 4.12. Matrix of coefficient of determinations (R 2) for N su I rate.

Initial Mineralized N Supply Yield N Uptake
NQ,-N NQ,-N Rate

Initial 1.00 0.35 0.63 0.65 0.63
NQ,-N

Mineralized 0.35 1.00 0.18 0.34 0.39
NQ,-N
N Supply 0.63 0.18 1.00 0.62 0.66

Rate

Yield 0.65 0.34 0.62 1.00 0.96

NU take 0.63 0.39 0.66 0.96 1.00

The results from the N supply rate experiment indicated that the irrigated

treatment supplied greater N03-N to canola plants than the dryland treatment (Table

4.13). The greater N03-N supply to plants was a result of: 1) greater initial N03-N in

irrigated soils than in dryland, and 2) greater mineralization in irrigated soils. Irrigated

soils have the ability to convert soil organic N to a plant available form of N more

readily than dryland soils. The increase in plant available N to these plants subsequently

resulted in greater canola dry matter yield in soil from the irrigated treatment than the

soil from the dryland treatment (Table 4.13).
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SSRID #1.

Table 4.13. Canola N uptake and dry matter yield of irrigated and dryland treatments,

Canola N uptake Canola dry matter yield

(mg pot+) (g JX>rI)

Replicate Irrigated Dryland Irrigated Dryland

1 4.1 2.9 0.6 0.4

2 3.2 1.8 0.5 0.3

3 2.7 0.8 0.4 0.1

4 NA 2.0 NA 0.3

5 3.2 2.5 0.5 0.4

6 5.1 1.8 0.7 0.3

7 2.2 0.9 0.3 0.1

8 2.7 0.9 0.4 0.1

9 2.9 0.7 0.5 0.1

10 3.2 0.9 0.4 0.2

11 4.1 1.2 .0.6 0.2

12 4.0 1.7 0.6 0.3

Mean 3.4a 1.3b 0.5a 0.2b

SE 0.25 0.25 0.04 0.03
Means followed by different letters are statistically different at P<O.OOl.

NA - Values not available for the irrigated treatment of replicate 4.
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4.1.3.2 Phosphorous

The amount of available phosphorous in irrigated soils was significantly greater

than in dryland soils (Table 4.14). Phosphorous levels were greater in irrigated

treatments than the dryland treatments except for one replicate. The status of P levels,

for the most part, may only be a reflection of spring fertilization. Sampling was

conducted after spring fertilizer was applied.

In all cases, irrigation farmers have applied phosphate fertilizer at least one time

in the period of 1992 to 1995. The average P205 rate for the irrigated treatment for the

years 1992 to 1995 was 39 kg ha-l, while the average for the dryland treatment was

5 kg ha-l.

The lowest P levels correspond with the loamy dryland soils, replicates 9

through 12, which have had no applications of phosphate fertilizer in previous years.

The greatest value of P is 19.8 ug g-l measured for the irrigated treatment of replicate 9.

The application rates for phosphorous fertilizer for the irrigated treatment in replicate 9

have been 22 kg ha-l P205 in 1995, and 45 kg ha-l P205 for the years 1992 to 1994

inclusive.

McKenzie et al. (1992) suggested increased moisture content of soil may induce

mineralization of organic P, therefore, increasing the amount of available soil P. The

greater P levels in the irrigated treatment compared to the dryland treatment may also be

attributed to increased P mineralization in the irrigated soil.
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Table 4.14. Available phosphorous (P) levels for irrigated and dryland treatments,

SSRID #1.

Replicate Dry land

1

2

3

4

S

6

7

8

9

10

11

12

Mean

SE

LSD (O.OS) 3.26

Irrigation

P (f..Lg g-l)
6.S

7.1

7.4

8.7

7.9

10.2

19.8

7.0

9.7

9.1

IS.0

12.4

10.la

1.1

7.9

6.S

S.2

4.4

4.8

4.9

2.9

4.7

2.4

3.3

3.1

2.9

4.4b

O.S

Mean values followed by different letters are statistically different at P<O.OS.
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4.1.3.3 Sulfur

The difference in the amount of sulfate-sulfur (S04-S) between irrigated and

dryland fields was not significant (Table 4.15). Generally, sulfur is highly variable

within a field. Two treatments contained S04-S values that appear extremely high; the

irrigated treatment in replicate 7 and the dryland treatment of replicate 9 (Table 4.15).

Excluding these two values from statistical analysis results in a significant difference in

S04 -S between irrigated and dryland treatments. The revised mean value for S04 -S in

the irrigated soils is then 31.7 ug g-l, while the mean S04-S value for dryland soils is

18.4 ug s' (Table 4.16).

The significant increase in S04-S in irrigated treatments (Table 4.16) may be

attributed to two factors. First, the S04-S levels in the irrigated soils may be reaching an

equilibrium level with the amount of S04-S in the irrigation water. The irrigation water

of the South Saskatchewan River near Outlook, Saskatchewan contains 66.5 mg L-I

S04-S (Table 2.2, page 13). Recalling that the irrigated and dryland means are 31.7 ug

g-l and 18.4 ug g-l respectively, it is conceivable that the irrigated soil is reaching an

equilibrium with the S04-S in the irrigation water. Second, the additional fertilization

with ammonium sulfate and other sulfate fertilizers (especially for canola crops) under

irrigation management may contribute to the accumulation of S04-S within irrigated

soils.

87



Table 4.15. Sulfate-sulfur (S04-S) levels for irrigated and dryland treatments,

SSRID #1.

Replicate Irrigation Dryland

S04-S (�g gJ)
1 14 8

2 11 8

3 11 7

4 18 18

5 111 108

6 14 11

7 400 8

8 13 8

9 72 660

10 22 13

11 40 7

12 22 6

Mean 62 72

SE 31.9 54.1

Table 4.16. Revised sulfate-sulfur (S04-S) means (�g g-l) for irrigated and dryland

treatments, SSRID #1 (excluding treatments 71 and 9D).

Irrigation Dryland

Mean

SE

31.7a

9.6

18.4b

9.0

Mean values followed by different letters are statistically different at P<0.05.
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4.1.3.4 Potassium

The levels of available K were not significantly different between irrigated and

dryland treatments of the SSRID #1 (Table 4.17). Individual treatment values for K are

reported in Appendix A. Minimum, maximum, and mean values of K, as well as the raw

data on page 121, would suggest that, although not statistically significant, the irrigated

treatment has a trend to lower levels of K than the dryland treatment (Table 4.17). A

significant removal of K through crop harvest would be anticipated for irrigated soils

which, when compared to dryland soils, generally have had greater yearly harvests.

Additionally, unlike N and P fertilization practices, the irrigated soils within this study

have not received K fertilizer within the years 1992 to 1995. The trend towards K

removal through crop harvest, therefore, would not be compensated for by K

fertilization.

Dubetz and Dudas (1981) found decades of continuous cropping depleted the

exchangeable K content of soil through crop uptake and removal by harvest (grain +

straw). Potassium levels of the irrigated SSRID #1 soils have been, for the most pan,

maintained by the nature of the parent material and biocycling of micaceous minerals

and/or feldspars. Maintenance of K may also be achieved by returning straw to the soil

rather than baling and consequently removing the portion ofK held within that straw.

Table 4.17. Available potassium (K) values (ug g-l) for irrigated and dryland
treatments, SSRID #1.

Irrigation Dryland

Minimum 141 167

Maximum 288 322

Mean 229 239

SE 17.1 16.8
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4.1.4 Microbiological Properties

Potential changes in soil properties attributed to irrigation management may

cause shifts in microbial populations and activity. Results of the algal biomass study are

presented in the following section.

4.1.4.1 Algal biomass

A comparison of chlorophyll-a between the irrigated and dryland management

systems was done to: 1) assess quantitative differences in chlorophyll-a between the

two treatments on a weekly basis, and 2) assess trends in chlorophyll-a across the

growing season for the individual treatments.

No conclusive information was obtained when comparing chlorophyll-a

extraction from the irrigated and dryland treatments from the SSRID #1. Table 4.18

presents the weekly readings of chlorophyll-a extracted from the selected irrigated and

dryland soils. These readings are assumed to be representative of algal biomass in all of

the irrigated and dryland soils of the SSRID #1.
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Table 4.18. ChloroEh�ll-a (t!g samEle-l) of irrigated and dryland treatments, SSRID #1.

Repli July 7 July 14 July 21 July 28 August 4

cate

It D I D I D I D I D

1 5.8 10.1 10.1 4.3 5.8 7.2 2.9 0 11.6 2.9

2 0 0 2.9 7.2 0 5.8 0 1.5 11.6 1.5

3 0 0 0 11.6 11.6 0 7.2 7.2 0 1.5

4 4.3 5.8 4.3 5.8 8.7 0 4.3 7.2 0 0

5 5.8 0 1.5 0 2.9 4.3 0 4.3 8.7 0

6 7.3 1.5 0 0 8.7 1.5 4.3 0 7.2 4.3

Mean 3.9 2.9 3.8 4.8 6.3 3.1 3.1 3.4 6.5 1.7

t I-irrigated, D-dry land.

Overall, the irrigated treatment contained significantly more chlorophyll-a only

at P = 0.2. Comparing values for the individual weeks, a significant increase in

chlorophyll-a in the irrigated treatment was detected for the fifth week (P = 0.1). No

chlorophyll-a trend was found across the growing season for either irrigated or dryland

treatment.

The inconclusiveness of these numbers emphasizes the variability in the soil

biosystem. The measurements taken at weekly time intervals may not indicate what

occurs after irrigation, or after a rainfall. It is also possible that irrigation has caused

some population size changes of soil microorganisms other than algae, or has caused

shifts in microbial community composition.
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It may also be plausible that algae found in irrigated land may experience an

increase in activity without an expansion in biomass. Badia and Alcanz (1993)

suggested certain microbial biomass fractions from a particular soil can increase C02

evolution per unit cell mass when compared to other microbial biomass from soil with

different conditions. Activity of the microbial biomass is dependent on the young

microbial cells that are highly metabolically active with greater potential to degrade soil

OM. Badia and Alcanz (1993) concluded agronomic practices, such as organic

amendment and subsequent cultivation, which rejuvenate a microbial community would

cause that community to produce more C02 per unit cell mass than a community not

undergoing the same agronomic practice.
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4.2 Piapot and Maple Creek

To represent southwestern Saskatchewan, irrigated and dryland treatments were

chosen at Piapot and Maple Creek, Saskatchewan. Choosing sites in these areas was

difficult. Within an irrigated area, dry land soils were not irrigated for a very specific

reason; the soil properties rendered the soils unirrigable. The soils selected were all

flood irrigated and tended to have higher EC than the soils in the SSRID #1.

4.2.1 Piapot

The following section addresses the results from the Piapot soil tests. Only mean

values are reported in this section. Individual sub-sample values are presented in

Appendix A.

It is necessary to recall the nature of irrigation management at Piapot to define

the agronomic differences from the SSRID #1. Meadows 1 and 2 have been irrigated for

100 and 60 years respectively. The method of irrigation is natural gravity flood with the

annual spring runoff. Inorganic fertilizer has never been used on these soiis.

4.2.1.1 EM readings

EM maps present the relative ranges of EM readings of the irrigated and dryland

treatments (Figures 4.9 and 4.10). In Meadow 2, it is apparent the irrigated and dryland

treatment have relatively similar EM readings. In Meadow 1, the north half of the

dryland treatment is more saline than the irrigated treatment.
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4.2.1.2 Moisture content and bulk density

Bulk density and gravimetric moisture content for the Piapot soils are presented

in Table 4.19. The bulk densities do not vary between irrigated and dryland treatments

indicating flood irrigation has not increased the density of those soils. The only

discrepancy in moisture content between irrigated and dryland soils occurred in the

lighter textured soils ofMeadow 2. Field texturing suggested the dryland soil of this pair

was slightly sandier in texture than the irrigated soil.

Table 4.19. Bulk density and moisture content of the replicates of Meadow 1 and

Meadow 2, Pia ot, Saskatchewan.

Bulk densit ( cm=') Moisture content (%)

Meadow 1 Meadow 2 Meadow 1 Meadow 2

Re land

1 1.4 1.5 1.5 1.5 18 19 11 4

2 1.4 1.4 1.5 1.6 21 20 Ii 4

3 1.5 1.3 1.4 1.5 21 19 11 5

Mean 1.4 1.4 1.5 1.5 20 19 11 4.3

SE 0.03 0.06 0.03 0.03 1.0 0.3 0 0.3
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4.2.1.3 Soil fertility

Analyses of available nutrient content, OM, EC, and pH were conducted on the

Piapot replicates. The results of Meadow 1 (Table 4.20) suggest the dryland treatment

was significantly higher in EC and S04-S than the irrigated treatment. The irrigated

treatment was significantly greater in pH, N03-N, P, and K. Although a statistical

difference was found for N03-N, the levels of N03-N in the treatments were very low,

and the practical, agronomic significance is not great. No statistically significant

difference was noted for OM.

Table 4.20. Mean values of soil analysis, Meadow 1, Piapot, Saskatchewan.

Irrigation Dryland

Mean SE Mean SE P value

pH 9.0 0.03 8.5 0.03 0.01

ECI:2 0.9 0.03 3.3 0.5 0.04
(mS cm+)

N03-N 2.4 0 1.5 0.1 0.01

(ug g-I)

Avail. P 23 0.5 15 0.5 0.00

(ug g-I)
K (ug g-I) 530 10 436 5.5 0.02

S04-S 260 35 2387 143 0.01

(ug g-l)

OM(%) 2.6 0.09 1.9 0.2 0.08

The high pH values lead to a detailed salinity analysis of the replicates in

Meadow 1 (Table 4.21). The detailed salinity EC and pH are based on a saturation paste.
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Table 4.21. Values from the detailed salinity, Meadow I, Piapot, Saskatchewan.

% Sat. ECe EH Na+ Ca+r M�++ K+ S.A.R. Cl- S04= HCO]- Cations AT

mScm-1 meq L-I meq L-I

Irrigation

Rep 1 68 3.3 8.0 27 4 9 0.7 11 1.3 25 7.3 40 34

Rep 2 62 3.0 7.9 24 3 9 0.8 10 1.1 21 8.3 37 30
\0
00

Rep 3 68 3.2 7.9 25 4 8 0.8 10 1.2 23 7.6 39 32

.Q!1land

Rep 1 62 11.2 7.8 92 16 54 1.2 16 3.3 165 4.5 163 173

Rep 2 67 10.9 7.7 88 19 55 1.1 15 3.0 163 4.8 163 171

Rep 3 60 11.6 7.9 91 20 57 1.3 15 5.4 177 4.3 168 187



The relatively high pH values were verified by the corresponding values in Na+

and S.A.R.. The high Na+ contents in the soil are likely a reflection of the Na+contents

in the shale parent material. As expected, the cation and anion concentration in the

dryland treatment are greater than the irrigated treatment. The dryland treatment also

maintained a greater saturated paste conductivity than the irrigated treatment. The ECe

reading is indicative of soluble salts within that soil. The S04-S levels for the dryland

treatment also far exceed the level for the irrigated soil (169 meq L-l versus 23 meq L-l

respectively). The extensive length of time of irrigation (over 100 years) may have

promoted leaching and subsequent drainage of Ca, Mg, and S04 salts when compared to

the EC of the dryland treatment.

In Meadow 2 the soil parameter values were greater for the irrigated treatment

than the dryland counterpart in all cases except for K (Table 4.22). The OM content of

the irrigated soil in Meadow 2 is 2.2% versus 1.4% for the dryland soil. While this

accumulation of OM was not evident in the irrigated treatment of the SSRID #1, these

particular soils are accumulating OM. A detailed salinity analysis was also conducted

for the replicates of Meadow 2 (Table 4.23). In comparison with the treatments in

Meadow 1, the irrigated and dryland treatments of Meadow 2 have lower pH, Na+, and

S.A.R. values.
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Table 4.22. Mean values of soil analysis, Meadow 2, Piapot, Saskatchewan.

Irri�ation Dryland

Mean SE Mean SE P value

pH 8.7 0.03 7.9 0.2 0.08

ECI:2 0.4 0.03 0.1 0 0.02
(mS em-I)

N�-N 1.8 0.1 1.1 0.7 0.01

(Jlg g-l)
AvaiL P 6.4 0.3 4.5 0.09 0.04

(Jlg g-l)

K (ug g-l) 216 9 221 0.6 0.60

S04-S 250 17 37 29 0.01

(ug g-l)

OM(%) 2.2 0.2 1.4 0.07 0.04
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Table 4.23. Values from the detailed salinity, Meadow 2, Piapot, Saskatchewan.

% Sat. ECe EH Na+ Ca++ Mg++ K+ S.A.R. Cl- S04= Cations Anions
mScm-1 meq L-l meq L-l

Irrigation
Rep 1 44 3.1 7.7 15.0 10.2 11.3 0.5 4.6 0.9 30 37 4.6
Rep 2 44 3.1 7.7 15.6 9.6 10.2 0.5 5.0 1.0 32 36 5.0

.......

0
.......

Rep 3 40 3.2 7.8 16.7 11.9 12.5 0.5 4.8 1.0 34 42 4.8
D!):land

40
Rep 1 0.8 7.2 0.8 5.3 2.7 0.7 0.4 0.4 0.6 10 0.4
Rep 2 42 0.7 7.2 0.9 5.2 2.2 0.5 0.4 0.5 0.5 9 0.4
Rep 3 38 0.7 7.1 0.9 4.5 2.1 0.6 0.5 0.5 0.6 8 0.5



4.2.2 Maple Creek

The irrigated and dryland treatments used in this experiment are both hay fields

which are cut, on average, twice per year. The irrigated field receives approximately 254

mm of flood irrigation water once a year during the spring (Appendix B). In comparison

to the SSRID #1, irrigation in Maple Creek has been conducted for longer and the soils

involved in this study have never received fertilizers.

4.2.2.1 EM readings

EM readings of the irrigated and dryland treatments from Maple Creek suggest

appropriate pairing of the treatments. The EM maps for the treatments are presented in

Figure 4.11. The range of EM readings is relatively similar for the two treatments.
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4.2.2.2 Moisture content and bulk density

The bulk density of the irrigated treatments was significantly greater than the

dryland treatment (Table 4.24). The deviation in bulk density may be attributed to the

effects of different long-term management systems, or sampling problems encountered

with the dryland soil. Hand-texturing in the field suggested the dryland soil may have

contained a greater clay content than the irrigated treatment. The wet conditions at

sampling (sampling occurred shortly after rainfall) resulting in a tendency for soil to

compact within the corer.

Table 4.24. Bulk density and moisture content for replicates at Maple Creek,

Saskatchewan.

Bulk densit� (�cm-3) Moisture content (%)

ReElicate Irri�ated D!)::land Irri�ated D!)::land
1 1.6 1.3 21 21

2 1.6 1.3 20 20

3 1.6 1.3 22 20

Mean 1.6 1.3 21 20

SE 0 0 0.6 0.3
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4.2.2.3 Soil fertility

The majority of soil parameter values did not differ between the irrigated and

dryland treatments (Table 4.25). However, a trend in results, similar to that of the

SSRID #1 experiment, is evident in this experiment. The irrigated treatment had small

but statistically greater contents of N03-N (P=O.l) and statistically less K (P<O.l) than

the dryland treatment.

Table 4.25. Mean values for soil analysis of irrigated and dryland treatments, Maple

Creek, Saskatchewan.

Irrigated Dryland Pvalue

Mean SE Mean SE

pH 8.4 0.03 7.7 0.09 0.03

EC1:2 0.8 0 0.2 0 0.00
(mS em-I)

N03-N 3a 0.1 2.7b 0.07 0.1

(ug g-l)
AvaiL P 9.8 1.2 8.6 0.3 0.5

(ug g-l)
K (ug g-l) 385a 9.1 429b 9.2 0.06

S04-S 15 0.2 10 3.9 0.3

(ug g-l)

OM(%) 2.5 0.07 2.5 0.2

Mean values within the same row followed by different letters are statistically different

atP�.1.
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5.0 SUMMARY AND CONCLUSIONS

5.1 South Saskatchewan River Irrigation District #1

The results of the SSRID #1 suggest no significant difference in bulk density or

pH between irrigated and dryland treatments. Annual applications of ammonia-based

fertilizers, such as urea and anhydrous ammonia, to the irrigated soils have not reduced

soil pH. The dryland treatment maintained significantly higher WAS than the irrigated

treatment. Irrigation results in aggregate destabilization either through rapid OM

breakdown and mineralization, or continuous years of waterdrop impact. When divided

into the three textural classes involved (LS, SL, and L), the reduction in WAS of the

irrigated treatment was only significant in the loam soil (P<0.05). When divided into

replicates managed by the same producer, it was evident individual agronomic

management influenced aggregate stability. Practices which do not return much crop

residue or encourage tillage may result in a decrease of stable aggregates.

The results of the SSRID #1 indicated irrigation management altered nutrient

availability. The irrigated treatment contained significantly higher N03-N (P<O.OOl)

than the dryland soil (23 ug g-l versus 9 ug g! respectively). The significant difference

in N03-N levels may attributed to: 1) greater amounts of ammonia-based fertilizer

application on irrigated land, 2) annual fertilizer application on irrigated land, and 3)

greater mineralization of N in irrigated land than dryland (P<0.05).

Nitrogen mineralization in the irrigated treatment was greater than in the dryland

treatment (P<0.05). Subsequent plant uptake of the available N, as determined in the N

supplying power experiment, was also greater in the irrigated treatment than in the

106



dryland treatment (P<O.OOl). The greater plant uptake in the irrigated treatment may

have also been attributed to the greater initial N03-N contents. Influence of management

was also evident for mineralization when the replicates were segregated into those

farmed by the same producer. Management practices of irrigated land, including yearly

fertilizer application, results in the addition of young, labile OM to irrigated soil which

contributes to the mineralization of organic N. The labile OM acts as a substrate for

microorganisms and is readily decomposed, turning over large amounts of N.

The total OM content, however, of the irrigated treatment did not increase. Static

OM levels, increased mineralization, relatively high N03-N levels, and increased uptake

of available N within the irrigated treatment stresses the importance ofOM quality over

quantity. The relatively rapid cycling of OM in irrigated soils results in increased plant

uptake of readily available nutrients and greater soil fertility.

The N supply experiment assisted in verifying a number of conclusions. First,

irrigated soils could supply significantly greater amount of N03-N than dryland soils.

Irrigated soils also contained greater amounts of initial N03-N and mineralized more N

than dryland soils. These fmdings suggest the ability of irrigated soils to convert organic

N to inorganic, plant available N and, thus, the fertility of irrigated soils has been

improved, above that of dryland soils, with long-term irrigation management.

The N supply experiment also suggested initial N03-N is strongly correlated

with N uptake and yield. The mineralized N, determined by the two week incubation

method, however, was not highly correlated with N uptake and yield. The N supply rate,

which considers the level of initial N03-N and the mineralized N, is almost equal to the

initial N03-N when reflecting N uptake or yield.
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Irrigated treatments of the SSRID #1 maintained higher P levels than dryland

treatments (P<O.05). The increase in P can be attributed to greater P fertilization of

irrigated soil than of dryland soil. From 1992 to 1995, the average P20S application rate

for irrigated land was 39 kg ha-1, while the average for dryland was 5 kg ha-1.

Although not significant, trends of greater S04-S and less K in the irrigated

treatment were evident. The S04-S levels in the irrigated treatment may be tending

towards an equilibrium with the S04-S in the irrigation water. A trend of decreasing K

within irrigated land may be occurring because yearly harvests of relatively high

yielding crops may be removing K from the field and K fertilizer is not used to maintain

the K reserve. No significant difference between treatments was noted for algal biomass.

The differences in soil parameters of the irrigated and dryland treatments of the

SSRID #1 were mainly attributed to management differences. Before irrigation began in

the 1960s, the soils of the irrigated and dryland treatments were pedologically similar.

The observed differences, therefore, are a result of management at two levels: 1) long

term irrigation management, and 2) specific producer management practices, such as

fertilizer rates (both long-term and short-term). Management for the 'irrigated land

includes continuous cropping, yearly applications of irrigation water and fertilizers. In

comparison, the dryland soils within this study received less fertilizer (1992 to 1995)

than the irrigated land, and were sometimes fallowed. It was apparent that irrigated soils

have a greater ability to mineralize and supply N, a very essential nutrient, to plants.

Fertility of irrigated soils, therefore, can be said to have improved with long-term

irrigation management.
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5.2 Piapot and Maple Creek

For Meadow 1 in the Piapot experiment, the irrigated treatment, when compared

to the dryland treatment, had statistically higher pH, N03-N, P, K, and OM. In Meadow

2 of the Piapot experiment, the irrigated treatment only maintained lower K than the

dryland treatment. In the Maple Creek experiment, the irrigated treatment had greater

N03-N, P, and S04-S than the dryland treatment. The dryland treatment was greater in

K than the irrigated treatment.

The data from the irrigated and dryland treatments of the Piapot and Maple

Creek provides no evidence for consistent changes caused by irrigation management.

Although many of the values for irrigated and dryland treatments were statistically

different, the differences were minute, and doubtful to be of practical significance.

These results differ from the significant differences between the irrigated and dryland

treatments in the SSRID #1 because of the less intensive management of the Piapot and

Maple Creek soils.
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Table 7.1. Wet aggregate stability (%) of irrigated and dryland treatments,

SSRID #1.

Replicate Irrigated Dryland

Trial 1 Trial 2 Mean Trial 1 Trial 2 Mean

1 42 48 45 32 32 31

2 30 30 30 31 29 30

3 34 33 34 42 42 42

4 23 23 23 26 25 26

5 26 24 25 26 26 26

6 19 17 18 21 21 21

7 21 19 20 44 47 46

8 34 36 35 42 42 42

9 37 43 40 51 53 52

10 20 22 21 34 34 34

11 19 21 20 33 33 33

12 21 21 21 42 42 42
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Table 7.2. Soil anal�sis, SSRID #1.

ReElicatet EH ECl:2 N03-N p K S04-S OM

mS cm! �g g-l %

11 7.9 0.2 35.2 6.5 141 13.8 2.8

1D 7.8 0.2 20.8 7.9 167 8.4 1.7

21 8.2 0.2 20.2 7.1 187 10.6 1.7

2D 7.9 0.1 5.0 6.5 176 8.2 2.8

31 7.9 0.1 16.2 7.4 152 11.0 1.6

3D 8.0 0.1 6.6 5.2 167 7.0 1.3

41 7.4 0.2 62.0 8.7 282 18.2 3.4

4D 8.0 0.1 11.4 4.4 322 18.4 2.9

5I 7.6 0.3 33.6 7.9 180 111.0 1.9

5D 7.6 0.2 8.4 4.8 305 108.0 1.8

6I 7.3 0.2 42.0 10.2 257 14.0 2.8

6D 7.8 0.1 7.2 4.9 281 10.6 3.1

71 8.3 0.5 14.6 19.8 268 400.0 3.0

7D 8.4 0.2 10.0 2.9 215 8.2 3.1

81 8.2 0.2 28.4 7.0 159 13.2 2.1

8D 8.5 0.1 7.2 4.7 270 8.0 1.9

91 8.2 0.3 50.0 9.7 288 72.0 3.2

9D 8.2 0.4 8.0 2.4 310 660.0 3.3

101 8.4 0.3 26.0 9.1 283 22.2 2.4

IOD 8.6 0.2 6.0 3.3 182 13.2 1.9

111 8.4 0.2 26.4 15.0 271 40.0 2.4

lID 8.4 0.2 10.2 3.1 242 6.8 2.2

121 8.0 0.2 32.6 12.4 279 22.4 3.2

12D 8.5 0.1 8.2 2.9 236 6.0 2.2

tl-irrigated, D-dryland.
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Table 7.3. Soil analysis, Piapot, Saskatchewan.

Replicatet pH ECI:2 N03-N P K S04-S OM

mS cm! Ilg s' %

Meadow 1

11 9.1 0.9 2.4 24.2 520 260 2.5

ID 8.6 2.6 1.4 16.1 446 2350 1.5

21 9.0 1.0 2.4 22.9 520 200 2.6

2D 8.5 3.2 1.6 14.3 435 2650 2.3

31 9.0 0.9 2.4 22.4 550 320 2.8

3D 8.5 4.2 1.4 15.3 427 2160 2.0

Meadow 2

II 8.4 0.8 1.8 6.2 215 280 2.5

ID 7.6 0.2 1.2 4.6 222 95 1.5

21 8.3 0.8 1.6 5.9 201 220 1.8

2D 7.9 0.2 1.0 4.5 221 7 1.3

31 8.4 0.8 2.0 7.0 232 250 2.4

3D 7.7 0.2 1.2 4.3 220 9 1.5
tr - irrigated, D-dryland.
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Table 7.4. Soil analysis, Maple Creek, Saskatchewan.

Replicatet pH ECI:2 N0:3-N p K S04-S OM

mS cm! /.!g g-l %

11 8.2 0.2 2.8 11.6 394 15.0 2.6

1D 8.2 0.3 2.6 8.1 416 17.6 2.1

2I 8.2 0.2 3.2 10.2 395 15.6 2.4

2D 8.2 0.2 2.6 8.6 447 6.4 2.6

31 8.1 0.2 3.0 7.6 367 15.0 2.4

3D 8.2 0.2 2.8 9.2 425 5.2 2.9

tl-irrigated, D-dryland.
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Figure 7.1 Standard curve for the addition and removal of pure chlorophyll-a from soil.
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Field histories, SSRID #1.
Replicate 1 Irrigated
Cooperating farmer: Garth Weiterman
Location: SE 16-31-7-W3
Soil: Al sl-fl / Sr3
Method/years irrigation: center pivot
1995 moisture- Irrigation: 171 mm

1995 crop: durum
Herbicide application: Puma and Refine Extra
1995 fertilizer: 123 kg ha-l actual N, 82-0-0 spring applied

45 kg ha-l P20S, 11-51-0 spring applied
No previous applications of potash

16 years
Rainfall: 146 mm
Yield: 4370-4707 kg ha-l

History: 1994 crop: canola (2802 kg ha-l); 134 kg ha! N, 45 kg ha-1 P20S
1993 crop: CPS red (4370 kg ha-l); 123 kg ha-l N, 45 kg ha-l P20S
1992 crop: faba bean (1568 kg ha-l); 134 kg ha! N, 56 kg ha-l P20S

Individual field values.

N�-N P K S04-S OM EC pH WAS N'

l:!g g-l % mS cm! % l:!gg-l
35.2 6.5 141 13.8 2.8 0.2 7.9 44.8 39.4

N' - NO 3-N after mineralization.

Replicate 1 Dryland
Cooperating farmer: Randy Dahl
Location: NW 10-31-7-W3
Soil: Al sl-fl / Sr3
1995 moisture- Rainfall: 127 mm
1995 crop: HRSW
Herbicide application: Buctril M
1995 fertilizer: none

No N for last 4 to 5 years
No previous applications of potash

Yield: 2353 kg ha-1 .

History: 1994: chemfallow
1993 crop: lentils (560 kg ha+); no fertilizer
1992 crop: wheat (1345 kg ha+): no fertilizer

Individual field values.

N03-N P K S04-S OM EC pH WAS N'

l:!� �-l % mS cm! % l:!� �-l
20.8 7.9 167 8.4 1.7 0.2 7.8 31.4 29.4

N' - N03-N after mineralization.
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Replicate 2 Irrigated
Cooperating farmer: Keith Carlson
Location: SW 15-31-7-W3
Soil: Al sl-fl / Sr3
Method/years irrigation: center pivot 16 years
1995 moisture- Irrigation: 254 mm Rainfall: 146 mm
1995 crop: canola Yield: 1681 kg ha'!
Herbicide application: Edge and spot sprayed Select
1995 fertilizer: 112 kg ha -1 actual N, 82-0-0 spring applied,

39 kg ha! P20S, 11-51-0
No previous applications of potash

History: 1994 crop: soft wheat (3698 kg naJ): 112 kgha! N, 39 kg ha! P20S
1993 crop: lentils (1300 kg ha+); no N fertilizer, 39 kg ha-1 P20S
1992 crop: canola (2129 kg ha+); 112 kg ha-1 N, 39 kg ha! P20S

Individual field values.

P K

------flg s' _

N0:3-N OM EC pH
% rrrS cm+

WAS N'

% flgs'
20.2 7.1 187 10.6 1.7 0.2 8.2 30.3 29.4

N' - NO 3-N after mineralization

Replicate 2 Dryland
Cooperating farmer: Randy Dahl
Location: NW 10-31-7-W3
Soil: Al sl-fl / Sr3
1995 moisture- Rainfall: 127 mm
1995 crop: HRSW Yield: 121 kg ha-1
Herbicide application: Round-Up and Buctril M
1995 fertilizer: none

No previous applications of potash

History: No summerfallow for last 5 years; previous SMFW every odd year
1994 crop: lentils (1120 kg ha+): no fertilizer
1993 crop: durum (1345 kg ha+); no fertilizer
1992 crop: lentils (1120 kg ha-1); no fertilizer

Individual field values.

N03-N P K S04-S OM EC pH WAS N'

�g g-l % mS cm! % �g g-l
5 6.5 176 8.2 2.8 0.1 7.9 29.9 15

N' - NO 3-N after mineralization.
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Replicate 3 Irrigated
Cooperating farmer: Keith Carlson
Location: SW 15-31-7-W3
Soil: Al sl-fl / Sr3
Method/years irrigation: center pivot 16 years
1995 moisture- Irrigation: 254 mm Rainfall: 146 mm
1995 crop: canola Yield: 1681 kg ha!
Herbicide application: Edge and spot sprayed Select
1995 fertilizer: 112 kg ha -1 actual N, 82-0-0 spring applied

39 kg ha-1 P20S, 11-51-0
No previous applications of potash

History: 1994 crop: soft wheat (3698 kg ha-1); 112 kg ha! N, 39 kg ha! P20S
1993 crop: lentils (1300 kg ha+); no N fertilizer, 39 kg ha! P20S
1992 crop: canola (2129 kg ha+): 112 kg ha! N, 39 kg ha-1 P20S

Individual field values.

P K

------I�gg-l-----
N03-N OM EC pH

% mScm-1
WAS N'

% �g g-l
16.2 7.4 152 11 1.6 0.1 7.9 33.5 25

N' - NO 3-N after mineralization.

Replicate 3 Dryland
Cooperating farmer: Randy Dahl
Location: NE 10-31-7-W3
Soil: Al sl-fl / Sr3
1995 moisture- Rainfall: 127 mm
1995 crop: HRSW Yield: 121 kg ha-1
Herbicide application: Round-Up and Buctril M
1995 fertilizer: none

No previous applications of potash

History: No summerfallow for last 5 years; previous SMFW every odd year
1994 crop: lentils (1120 kg ha+); no fertilizer
1993 crop: durum (1345 kg ha-l); no fertilizer
1992 crop: lentils (1120 kg ha-1); no fertilizer

Individual field values.

N03-N P K S04-S OM EC pH WAS N'

�g g-l % mS cm! % �g g-l
6.6 5.2 167 7 1.3 0.1 8 42.2 14.6

N' - N03-N after mineralization.
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Replicate 4 Irrigated
Cooperating farmer: Keith Carlson
Location: SW 27-30-7-W3
Soil: Br3vl / La2
Method/years irrigation: gravity flood 13 years; center pivot 2 years
1995 moisture- Irrigation: 254 mm Rainfall: 127 mm

1995 crop: faba bean (direct seeded) Yield: 2240 kg ha!
Herbicide application: preseeding Round-Up
1995 fertilizer: no N fertilizer

34 kg ha-1 P20S, 11-51-0
No previous applications of potash

History: 1994 crop: HRSW (3362 kg ha+): 100 kg ha '! N, 39 kg ha! P20S
1993 crop: oats (2667 kg ha+); 100 kg ha! N, 39 kg ha! P20S
1992 crop: canola (2129 kg ha+); 100 kg ha-1 N, 39 kg ha-1 P20S

Individual field values.

N0)-N P K S04-S OM EC pH WAS N'

!:!� �-1 % mS cm-1 % !:!� �-1
62 8.7 282 18.2 3.4 0.2 7.4 22.9 84

N' - NO 3-N after mineralization.

Replicate 4 Dryland
Cooperating farmer: Ross Derdall
Location: NW 27-30-7-W3
Soil: Br3vl / La2
1995 moisture- Rainfall: 140 mm
1995 crop: mustard Yield: 560 kg ha-1
Herbicide application: Fusion
1995 fertilizer: 67 kg ha -1 actual N; 34-0-0 spring broadcast
No previous applications of potash

History: 1994 crop: barley (2152 kg ha+): 34 kg ha! N; 11 kg ha-1 P20S
1993 crop: barley (3227 kg ha -1); 34 kg ha -1 N
1992 crop: HRSW (1950 kg haJ); 22 kg ha! N; 11 kg ha! P20S

Individual field values.

N03-N P K S04-S OM EC pH WAS N'

!:!� �-1 % mS cm! % !:!� �-1
11.4 4.4 322 18.4 2.9 0.1 8 25.2 21.8

N' - NO 3-N after mineralization.
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Replicate 5 Irrigated
Cooperating farmer: Keith Carlson
Location: NW 26-30-7-W3
Soil: Br3vl / La2
Method/years irrigation: center pivot 21 years
1995 moisture- Irrigation: 254 mm Rainfall: 140 nun
1995 crop: soft wheat (direct seeded) Yield: 3362 kg ha!
Herbicide application: preseeding Round-Up, Buctril M
1995 fertilizer: 90 kg ha -1 actual N, 82-0-0

35 kg ha! P20S, 11-51-0
No previous applications of potash

History: 1994 crop: flax (2500 kg ha-1); 100 kg ha-1 N, 39 kg ha-1 P20S
1993 crop: canola (2129 kg ha+); 100 kg ha-1 N, 39 kg ha! P20S
1992 crop: HRSW (3362 kg ha-1); 100 kg ha! N, 39 kg ha! P20S

Individual field values.

ND3-N P K S04-S OM EC pH WAS N'

!:!g g-1 % mS cm! % !:!g g-1
33.6 7.9 180 111 1.9 0.3 7.6 25.1 64

N' - N03-N after mineralization.

Replicate 5 Dryland
Cooperating farmer: Ross Derdall
Location: NE 27-30-7-W3
Soil: Br3vl / La2
1995 moisture- Rainfall: 140 mm
1995 crop: HRSW Yield: 1210 kg ha! '

Herbicide application: Achieve
1995 fertilizer: 28 kg ha! actual N; 50% with seed 50% spring broadcast 34-0-0

11 kg ha-1 P20S, 11-51-0
No previous applications of potash

History: 1994 crop: HRSW (1950 kg ha+): 34 kg ha-l N; 17 kg ha-l P20S
1993 crop: HRSW (2353 kg ha-l); 34kg ha! N; 17 kg ha-l P20S
1992 crop: HRSW (2017 kg ha -1); 22 kg ha -1 N; 11 kg ha-1 P20S

Individual field values.

ND3-N P K S04-S OM EC pH WAS N'

!:!g g-1 % mS cm! % !:!g g-1
8.4 4.8 305 108 1.8 0.2 7.6 25.8 18.6

N' - N03-N after mineralization.
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Replicate 6 Irrigated
Cooperating farmer: Keith Carlson
Soil: Br3vl / La2
Location: SW 26-30-7-W3
Method/years irrigation: center pivot 21 years
1995 moisture- Irrigation: 254 mm Rainfall: 140 mm

1995 crop: HRSW (direct seeded) Yield: 2689 kg ha!
Herbicide application: preseeding Round-Up, Buctril M
1995 fertilizer: 90 kg ha -I actual N, 82-0-0

35 kg ha-1 P20S, 11-51-0
No previous applications of potash

History: 1994 crop: faba beans (2352 kg ha+); no N, 34 kg ha-1 P20S
1993 crop: HRSW (3026 kg ha-I); 100 kg ha-1 N; 39 kg ha-1 P20S
1992 crop: canola (1961 kg ha+); 100 kg ha! N; 39 kg ha-1 P20S

Individual field values.

N0:3-N P K S04-S OM EC pH WAS N'

I:!g g-1 % mS cm! % I:!gg-1
42 10.2 257 14 2.8 0.2 7.3 18.1 72

N' - N03-N after mineralization.

Replicate 6 Dryland
Cooperating farmer: Ross Derdall
Location: NE 27-30-7-W3
Soil: Br3vl / La2
1995 moisture- Rainfall: 140 mm
1995 crop: HRSW Yield: 1210 kg ha-1
Herbicide application: Achieve
1995 fertilizer: 28 kg haJ actual N; 50% with seed 50% spring broadcast '34-0-0

11 kg ha-1 P20S, 11-51-0
No previous applications of potash

History: 1994 crop: HRSW (1950 kg haJ): 34 kg ha-1 N; 17 kg ha-1 P20S
1993 crop: HRSW (2353 kg ha -1); 34 kg ha -1 N; 17 kg ha'! P20S
1992 crop: HRSW (2017 kg haJ); 22 kg ha! N; 11 kg ha-1 P20S

Individual field values.

N0:3-N P K S04-S OM EC pH WAS N'

I:!g g-1 % mS cm! % I:!g g-1
7.2 4.9 281 10.6 3.1 0.1 7.8 21 17

N' - NO 3-N after mineralization.
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Replicate 7 Irrigated
Cooperating farmer: Gary Pederson
Location: SW 29-28-7-W3
Soil: E61 / Ld2
Method/years irrigation: gravity flood 25 years
1995 moisture- Irrigation: 254 mm (1 flood)
1995 crop: canola (direct seeded)
Herbicide application: preseeding Round-Up
1995 fertilizer: no N fertilizer

22 kg ha-1 P20S, 11-51-0
No previous applications of potash
Usually fertilized with 46-0-0 and 11-51-0

History: 1994 crop: HRSW (3362 kg ha+): 90 kg ha-l N,45 kg ha-l P20S
1993 crop: HRSW (3698 kg haJ); 90 kg ha-1 N, 45 kg ha-l P20S
1992 crop: HRSW (4370 kg ha-l); 90 kg ha-l N, 45 kg ha-l P20S

Rainfall: 152 mm
Yield: 1961 kg ha-l

Individual field values.

NO}-N P K S04-S OM EC pH WAS N'

�� �-l % mS cm '! % ���-l
14.6 19.8 268 400 3 0.5 8.3 19.6 24.4

N' - NO 3-N after mineralization.

Replicate 7 Dryland
Cooperating farmer: Leo Tomasiewicz
Location: NE 19 28 7-W3
Soil: Soil: E61 / Ld2
1995 moisture- Rainfall: 152 mm
1995 crop: HRSW Yield: 1681 kg ha!
Herbicide application: 2,4-D and Banvel
1995 fertilizer: 22 kg ha-l actual N; 46-0-0 spring broadcast and with seed

22 kg ha-l P20S, 11-51-0
No previous applications of potash

History: 1994 crop: lentils (1120 kg ha-l); no N; 28 kg ha-l P20S
1993 crop: HRSW (2017 kg ha-l); 11 kg ha-1 N; 22 kg ha-1 P205
1992 crop: summerfallow

Before 1989, 1 in 2 years summerfallow rotation

Individual field values.

NO}-N P K S04-S OM EC pH WAS N'

�g g-l % mS cm-l % �gg-l
10 2.9 215 8.2 3.1 0.2 8.4 45.9 19

N' - NO 3-N after mineralization.
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Replicate 8 Irrigated
Cooperating farmer: Leo Tomasiewicz
Location: SW 30 28 7-W3
Soil: Br31 / Ld2
Method/years irrigation: center pivot for 14 years, and wheel move 7 years
1995 moisture- Irrigation: 254 mm Rainfall: 152 mm
1995 crop: canola Yield: 1681 kg ha! (35% hail)
Herbicide application: Edge and Muster
1995 fertilizer: 123 kg ha-1 actual N spring applied 46-0-0 blended with

34 kg ha-1 P205 11-51-0, broadcast and with seed

Approximately 11-17 kg ha -1 K in 1992

History: 1994 crop: durum (4034 kg ha-1); 112 kg ha-1 N, 45 kg ha-1 P205
1993 crop: canola (1233 kg ha+); 67 kg ha! N, 45 kg ha! P205
1992 crop: alfalfa (7.8 tonne ha+): no N, 56 kg ha! P205

Individual field values.

N03-N P K S04-S OM EC pH WAS N'

�g g-l % mS cm! % �g g-l
28.4 7 159 13.2 2.1 0.2 8.2 35.4 39.8

N' - NO 3-N after mineralization.

Replicate 8 Dryland
Cooperating farmer: Leo Tomasiewicz
Location: NW 19-28-7-W3
Soil: Br31 / Ld2
1995 moisture- Rainfall: 152 mm
1995 crop: lentils
Herbicide application: Edge
1995 fertilizer: no N fertilizer

28 kg ha-1 P205, 11-55-0
No previous applications of potash

Yield: 560 kg ha-1

History: 1994 crop: HRSW (2017 kg ha-1); 11 kg ha-l N; 22 kg ha-l P205
1993 crop: summerfallow
1992 crop: HRSW (1681 kg ha-l); no fertilizer

Before 1989, 1 in 2 years summerfallow rotation

Individual field values.

N0)-N P K S04-S OM EC pH WAS N'

�g g-l % mS cm-l % �g g-l
7.2 4.7 270 8 1.9 0.1 8.5 42 14.4

N' - N03-N after mineralization.
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Replicate 9 Irrigated
Cooperating farmer: Dean Peardon
Location: NW 9-28-7-W3
Soil: E61 / Ld3
Method/years irrigation: 20 years gravity flood
1995 moisture- Irrigation: 203 mm (2 floods)
1995 crop: durum
Herbicide application: Achieve, 2,4-D, and Banvel
1995 fertilizer: 112 kg ha -1 actual N, spring applied 82-0-0

34 kg ha! P20S, 11-55-0
No previous potash applied

Rainfall: 76 mm
Yield: 2690 kg ha!

History: 1994 crop: canola (2521 kg ha-1); 112 kg ha-1 N, 39 kg ha-1 P20S
1993 crop: durum (3362 kg ha+); 112 kg ha-1 N, 34 kg ha-1 P20S
1992 crop: durum (3698 kg ha+); 112 kg ha-1 N, 34 kg ha! P20S

No irrigation in 1994.

Individual field values.

N0:3-N P K S04-S OM EC pH WAS N'

�g g-l % mS cm! % �g g-l
50 9.7 288 72 3.2 0.3 8.2 40.2 60

N' - NO 3-N after mineralization.

Replicate 9 Dryland
Cooperating farmer: Lloyd Johnson
Location: NE 8-28-7-W3
Soil: E6l / Ld3
1995 moisture- Rainfall: 203 mm
1995 crop: summerfallow
Last N application approximately 8 years ago
Potash approximately 8 years ago

History: 1994 crop: HRSW (2017 kg ha-1); no fertilizers
1993 crop: summerfallow
1992 crop: HRSW (2353 kg haI); no fertilizers

1 in 2 years summerfallow rotation.

Individual field values.

N03-N P K S04-S OM EC pH WAS N'

�g g-l % mS cm! % �g g-l
8 2.4 310 660 3.3 0.4 8.2 52.3 16.8

N' - N03-N after mineralization.
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Replicate 10 Irrigated
Cooperating farmer: Bernie Niska
Location: NE 23-27-7-W3
Soil: E61 / Ld2
Method/years irrigation: center pivot for 9 years, and gravity flood for 18 years
1995 moisture- Irrigation: 254 mm Rainfall: 127 mm

1995 crop: canola Yield: 2297 kg ha!
Herbicide application: Edge
1995 fertilizer: 112 kg ha -1 actual N, spring applied 82-0-0

34 kg ha! P20S, 11-55-0
No previous potash applied

History: 1994 crop: durum (3362 kg haI); 112 kg ha-1 N, 34 kg ha! P20S
1993 crop: wheat (4370 kg ha-1); 112 kg ha-1 N, 34 kg ha-1 P20S
1992 crop: wheat (4370 kg ha+): 112 kg ha-1 N, 34 kg ha-1 P20S

Individual field values.

N03-N P K S04-S OM EC pH WAS N'

�� �-1 % mS cm! % �� �-1
26 9.1 283 22.2 2.4 0.3 8.4 20.7 52

N' - NO 3-N after mineralization.

Replicate 10 Dryland
Cooperating farmer: Bill Hauberg
Location: NW 24-27-7-W3
Soil: E3 /TlWll / La3
1995 moisture- Rainfall: 76 mm
1995 crop: HRSW
Herbicide application: none

1995 fertilizer: none

No previous applications of potash

Yield: 2017 kg ha-1 •

History: 1994 crop: summerfallow
1993 crop: HRSW (hail); 45 kg ha! actual N, 46-0-0 spring applied
1992 crop: summerfallow

1 in 2 years summerfallow rotation.

Individual field values.

N03-N P K S04-S OM EC pH WAS N'

�� �-1 % mS cm-1 % �� �-1
6 3.3 182 13.2 1.9 0.2 8.6 33.9 11.8

N' - N03-N after mineralization.
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Replicate 11 Irrigated
Cooperating farmer: Bernie Niska
Location: NE 23-27-7-W3
Soil: E61 / Ld2
Method/years irrigation: center pivot for 9 years, and gravity flood for 18 years
1995 moisture- Irrigation: 254 nun Rainfall: 127 mm
1995 crop: canola Yield: 2297 kg ha!
Herbicide application: Edge
1995 fertilizer: 112 kg ha -1 actual N, spring applied 82-0-0

34 kg ha! actual P20S, 11-55-0
No previous potash applied

History: 1994 crop: durum (3362 kg ha-1); 112 kg ha-1 N, 34 kg ha-1 P20S
1993 crop: wheat (4370 kg ha+): 112 kg ha-1 N, 34 kg ha-1 P20S
1992 crop: wheat (4370 kg haI); 112 kg ha! N, 34 kg ha! P20S

Individual field values.

N0:3-N P K S04-S OM EC pH WAS N'

�� �-l % mS cm-1 % ���-l
26.4 15 271 40 2.4 0.2 8.4 20.3 48

N' - N03-N after mineralization.

Replicate 11 Dryland
Cooperating farmer: Bill Hauberg
Location: NW 24-27-7-W3
Soil: E3 / T1Wll / La3
1995 moisture- Rainfall: 76 mm
1995 crop: HRSW
Herbicide application: none

1995 fertilizer: none

No previous applications of potash

Yield: 2017 kg ha-1 •

History: 1994 crop: summerfallow
1993 crop: HRSW (hail); 45 kg ha! actual N, 46-0-0 spring applied
1992 crop: summerfallow

1 in 2 years summerfallow rotation.

Individual field values.

N0:3-N P K S04-S OM EC pH WAS N'

�� �-l % mS cm-1 % �� �-l
10.2 3.1 242 6.8 2.2 0.2 8.4 33.1 20.4

N' - N03-N after mineralization.
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Replicate 12 Irrigated
Cooperating farmer: Dale Hauberg
Location: SE 23 27 7-W3
Soil: E61 / Ld2
Method/years irrigation: center pivot for 7 years, and gravity flood for 20 years
1995 moisture- Irrigation: 229 mm Rainfall: 76 mm
1995 crop: wheat Yield: 3698 kg ha-1
Herbicide application: Edge and 2,4-D
1995 fertilizer: 112 kg ha -1 actual N, spring applied 82-0-0

34 kg ha! actual P20S, 11-55-0
No previous potash applied

History: 1994 crop: canola (3082 kg ha+): 112 kg ha! N, 39 kg ha! P20S
1993 crop: wheat (3698 kg haI); 112 kg ha-1 N, 34 kg ha-1 P20S
1992 crop: canola (2802 kg ha+): 112 kg ha-1 N, 39 kg ha! P20S

Individual field values.

N0)-N P K S04-S OM EC pH WAS N'

�g g-l % mS cm! % �g g-l
32.6 12.4 279 22.4 3.2 0.2 8.0 21.4 60

N' - NO 3-N after mineralization.

Replicate 12 Dryland
Cooperating farmer: Bill Hauberg
Location: NW 24-27-7-W3
Soil: E3/T1Wll/La3
1995 moisture- Rainfall: 76 mm
1995 crop: HRSW
Herbicide application: none

1995 fertilizer: none

No previous applications of potash

Yield: 2017 kg ha! '

Field history: 1994 crop: summerfallow
1993 crop: HRSW (hail); 45 kg ha! actual N,

46-0-0 spring applied
1992 crop: summerfallow

1 in 2 years summerfallow rotation

Individual field values.

N0)-N P K S04-S OM EC pH WAS N'

�g g-l % mS cm! % I:!g g-l
8.2 2.9 236 6 2.2 0.1 8.5 42 19.8

N' - N03-N after mineralization.
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Field histories, Piapot, Saskatchewan.

Meadow 1, Irrigated
Cooperating farmer: JimWilson
Location: SW 18-12-22-W3
Soil: Av2:sicl/2-3uc
Method/years irrigation: natural gravity flood
1995 rainfall: 495 mm

100+ years

Grass/forage species: Timothy, bromegrass, reed canary, wheat grass, alsike clover, and
foxtail

Average hay yield 1995: 6.7 tonnes ha-l
1994: 6.7 tonnes ha-l
1993: 6.0 tonnes ha-l

Cattle turned out every year on approximately December 1 and taken off approximately
April 10.
Approximately 320 cows graze.
Never inorganically fertilized.

Mean replicate values.

NO}-N P K

------Jlg g-I _

23 530 260

OM

%

2.6

EC

mS cm!

0.4

pH

2.4 8

Meadow 1, Dryland
Cooperating farmer: JimWilson
Location: SW 18-12-22-W3
Soil: Av2:sicl/2-3uc
1995 rainfall: 495 mm

Grass/forage species: Timothy, bromegrass, tall wheatgrass, additional native grasses
Average hay yield 1995: 2.2 tonnes ha-1

1994: 1.7 tonnes ha!
1993: 1.1 tonnes ha!

Cattle turned out every year on approximately December 1 and taken off approximately
April 10.
Approximately 320 cows graze.
Never inorganically fertilized.

Mean replicate values.

N03-N P K S04-S OM EC pH
ug g! % mS cm!

1.5 15 436 2387 1.9 1.4 7.8
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Meadow 2, Irrigated
Cooperating farmer: Jim Wilson
Location: SE 13-12-23-W3
Soil: Av2:sicl/2-3uc
Method/years irrigation: basin flood approximately 35 years
1995 rainfall: 495 mm

Grass/forage species: Timothy, bromegrass, reed canary, wheat grass, alsike clover, and
foxtail

Average hay yield 1995: 6.7 tonnes ha-1
1994: 6.7 tonnes ha!
1993: 6.0 tonnes ha-1

Cattle turned out every year on approximately December 1 and taken off approximately
April 10.
Approximately 320 cows graze.
Never inorganically fertilized.

Mean replicate values.

N03-N p K S04-S OM EC pH
ug g-1 % mS cm!

1.8 6.4 216 250 2.2 0.4 7.7

Meadow 2, Dryland
Cooperating farmer: JimWilson
Location: SE 13-12-23-W3
Soil: Av2:sicl/2-3uc HtHr1:sl-V3-4u
1995 rainfall: 495 mm

Average hay yield 1995: 2.2 tonnes ha!
1994: 1.1 tonnes ha!
1993: 1.1 tonnes ha-1

Cattle turned out every year on approximately December 1 and taken off approximately
April 10.
Approximately 320 cows graze.
Never inorganically fertilized.

Mean replicate values.

N03-N p K S04-S OM EC pH
ug g! % mS em-I

1.1 4.5 221 37 1.4 0.1 7.2
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Field histories, Maple Creek, Saskatchewan.

Irrigated
Cooperating farmer: Chuck and Vaughn Yarshenko
Location: SW 28-11-26-W3
Soil: ScWw9:hc-c12u
Years/method irrigation: border dyke 20 years
1995 moisture: Irrigation: 254 mm Rainfall: 229 mm
1995 crop: alfalfa (2 cuts)
1994 crop: alfalfa
1993 crop: oats

1993 crop: oats

Never fertilized with N, P20S, K20, or S.

Mean replicate values.

N03-N P K S04-S OM EC pH
ug g-l % mS cm!

3 9.8 385 15 2.5 0.2 8.2

Dryland
Cooperating farmer: Bob Dunan
Location: NW 21-11-26-W3
Soil: ScWw9:hc-c/2u
1995 moisture: Rainfall: 229 mm
1995 crop: brome grass/alfalfa (2 cuts)
1994 crop: oats

Never fertilized with N, P20S, K20, or S.

Mean replicate values.

P K

-----Jlg g! _

8.6 429 10

OM

%

2.5

EC

mS crn!

pH

2.7 0.2 8.2
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