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ABSTRACT 

Hoeppner, Jeffrey Wayne. M-Sc., The University of Manitoba, March, 200 1- The Effects of 
Legume Green Manures, Perennial Forages, and Cover Crops on Non-Renewable Energy 
Use in Western Canadian Cropping Systems. Major Professor; Martin H. Entz. 

Inputs suc h as machinery, fuel, pesticides and fertilizers contribute to energy expended in 

cropping systems. Reducing non-cenewable energy use (EU) and increasing energy use 

eficiency (EUE) can make cropping systems more sustainable. Nitrogen benefits of legumes 

to succeeding non-leguminous crops are weIl documented- This study examined the effect 

of green manure and perennial forage lepmes on energy efficiency of crop production for 

four western Canadian crop rotation studies: Lethbridge, AB; Swift Current, SK; Indian 

Head, SIS; Glenlea, MB. Relative to continuous grain rotations, rotations containing 50% 

perennial forage legumes decreased EU by up to 85% and increased EUE by up to 438%. 

Relative to cereal, pulse and oilseed rotations, they reduced EU by up to 28% and increased 

EUE by up to 294%. Rotations containing green manure legumes decreased EU by up to 

6596, and increased EUE by up to 196%. The primary contribution of legumes to lower 

energy use was nitrogen addition to the soil. Depending on site and rotation, economic 

performance of legume rotations varied compared to annual grain rotations. The rotational 

benefits of relay intercropped and double cropped legumes in continuous grain systems in 

Manitoba were also investigated. When examining relay intercropped alfalfa and red clover 

and double cropped chickling vetch and lentil, it was found that considerable nitrogen 

benefits were provided to a succeeding oat crop by d l  legumes at Winnipeg, and by some 

legumes at Carman. Reduced legume growth at Carman, due to drought conditions, resulted 

in few yield benefits from the relay intercropped and double cropped legurnes. Including 



reiay intercropped and double cropped legumes in continuous grain rotations reduced energy 

use by up to 39%, and increased energy use efficiency by up to 28%- Increasing the fiequence 

of legumes in cropping systems shows promise to enhance agriculturd sustainability. 
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1. INTRODUCTION 

During the latter part of the 2 0 ~  century, there has been much discussion and 

interes: with respect to the environment, and the impact of humans upon it. Throughout 

recent history, human activity has had many detrimental impacts on the environment. 

One example of these detrimental hpacts regards the use of non-renewable energy 

sources, particularly fossil fuels. From the large amounts of coal burned over hundreds of 

years, starting with the Industrial Revolution, to the large quantities of gasohe and diesel 

fiel used today, vast amounts of these fossil fùels have been expended over the past few 

centuries. The buming of these fossil fuels bas resulted in large amounts of pollutants 

being released into the atmosphere. In addition, the energy shortages of the early 1970's 

forced people to examine modern industrialized systems, and agriculture was criticized 

for being particularly inefficient in ternis of fossil fuel energy inputs per unit of food 

energy produced (Fluck and Baird, 1980). These issues led to research which exarnined 

methods to decrease o n - f m  energy inputs, and to increase energy e fficiency wi thin 

agriculture. 

hclucling forage legumes in a crop rotation can reduce energy requirements of the 

cropping system in a varïety of ways. Firstly, including forage legumes in a crop rotation 

can help break pest cycles that are cornmon among monocultures, allowing producers to 

decrease their reliance on pesticides (Hîggs et al. 1990; Ominski et al. 1999). Secondly, 

forage legumes fk atmospheric nitrogen, so they do not require inorganic nitrogen 

fertilizers, which requires tremendous arnounts of energy to produce. Forage legume 

residue lefi in the field decomposes and releases nitrogen into the soi1 for subsequent 



crops to use. Therefore, the first objective of this study was to determine, using historical 

data fkom a variety of locations across western Canada, the effects of including green 

manure and perennial forage legwnes in crop rotations on energy use, energy production, 

energy use efficiency and economic performance of cropping systems. 

Including forage legumes in a crop rotation can reduce energy requirements of the 

cropping system in a variety of ways, in addition to providing numerous agronomic 

benefits to succeeding non-legurninous crops. However, having a green manure or 

perennial forage legume in a crop rotation means that a producer cannot harvest grain 

fiom the land, A way in which to gain the benefits of a legume in rotation, while being 

able to harvest a grain crop in the same year, is by multiple cropping with legumes. The 

legume is a secondary crop that is put in place once the primary crop of  the growing 

season is well-established or barvested. Including legumes in this marner can slow soil 

erosion, improve soil structure and smother weeds (Clark, 1998), and add nitrogen to the 

soil. By utilizing this legume nitrogen, nitrogen fertïlizer use could be decreased, thereby 

decreasing commercial energy use within such rotations. Therefore, the second objective 

was to determine, through field studies in south-central Manitoba, the effects of relay 

intercropping and double cropping green rnanure legume cover crops with winter cereals 

in southem Manitoba on cornpanion cereal crops and subsequent cereal crops, as welI as 

on energy use, energy production and energy use efficiency of the cropping system. 



2. LITERATURE REVIEW 

2.1 Energy in Crop Production 

The amount of  energy expended for food production, distribution and processing in 

the United States has been estimated at approximately 17% of total US- fossil energy use, 

with approximately one-thüd of that, 6%, used solely for food production (Pimental, 1980). 

Researchers have been investigating methods ofhow to reduce o n - f m  energy use, in order 

to make crop production systems more energy efficient In order to accornplish this, f m  

energy accounting, or energy budgeting, was needed in order to calculate how much energy 

was being produced on the f m ,  and how much energy was being consumed on the f m -  

Researchers such as Stout (1 WO), Pimenta1 (1 %O), and Nagy (1999) have calculated the 

amount of energy required for such aspects as production of machinery, fertilizers, and 

pesticides, and how much fuel energy is required to carryout the various farrning operations. 

Together with information on the food energy o f  the crop produced, researchers calculated 

the energy efficiencies of agricultural production systems- Other researchers (Campbell et 

al- 1 990; Heichel, 1978 and 1980; Spedding and Walsingham, 1976) included cornparisons 

of energy use and efficiency between different crop rotations, as well as the influence of 

varying inputs on energy use and efficiency of  cropping systems (Clements et al- 1995; 

Zentner et al, 1989). 

The prïmary energy inputs, such as machinery, hel,  fertilizer, seed, and pesticides, 

as well as ener*V outputs (Le. food and feed energy of crops) in western Canada will be 

discussed in the following sections, as well as energy savïngs realized by including legumes 

in a cropping system. 



2.1.1 Energy inputs in crop production 

Crop production systems requïre inputs ofenergy, through the use ofmachinery, fuel, 

fertilizers, seed, and pesticides. While different production systems will use varying amounts 

of input energy, al1 require inputs of energy to initiate and maintain the system. 

Energy use is dependent on the type of crop grown. An American study investigated 

fossil energy use by major crops type. The fossil energy flux (FEF), or the average daily rate 

of energy use per acre for growing the crop ( M d  acre-day-') ranged fiom 0.03 for native 

range to 138 for vegetables and fhit  (Heichel, 1978). Vegetables and h i t  are energy 

intensive crops to produce, primarily due to the need for high rates of fertilizer, intensive pest 

control through pesticides, and irrîgation, while native range requires energy inputs in the 

form of infkequent herbicide applications. Fossil energy flux values for other crops comrnon 

to western Canada, such as grain corn (Zea ma-vs L.), barley (Hordetim vzdgare L.), wheat 

(fi-iticzrrn aestivzm L.), oats (Avena sativa L.), and fertilized pasture were calculated to be 

42, 1 5, 12, 10, and 5 Mcal haday-', respectively. (Heichel, 1978). Barley, wheat, oats, and 

fertilized pasture consume much less energy than vegetable and h i t  crops, as fewer inputs 

are required (Le. less intensive fertilization and Pest contro1)- 

Energy use in United Kingdom agriculture was investigated by Spedding and 

Walsingham (1976). Three crops were studied: alfalfa (ikfeciicago sativa L.), spring barley, 

and peremial ryegrass (Lolilcm perenne L.) . The energy required to produce these crops was 

2,8 1 1 M J  ha-' for alfalfa, 8,806 MJ ha-' for barley, and 3 1,006 MJ ha-' for perennial ryegrass. 

The majonty of the difference in energy used was attributed to differences in nitrogen 

fertilizer requirements between crops (Spedding and Walsingham, 1976). This, once again, 



demonstrates the effects of ciiffiereut crops, and the management needs of those crops, on 

total energy use. 

Pimenta1 et  al- (1 984) determined that the major fossil energy inputs in cropping 

systems are fuel used for machinery operations and synthetic nitrogen fertilizers. For 

exarnple, in a typical corn silage production system in southeastern Minnesota, 

approximately 36% (1,621 Mcal ha-') of the total input energy was allocated to fuel to m n  

the machines., and approximately 38% (1,676 Mcal ha-') was allocated solely to the 

production of nitrogen fertilizer. On the other hand, only 3% (1 3 8 Mcal ha-') of the total 

input energyof the system was allocated towards pesticides, 1% (42 Mcal ha-') kvas allocated 

to machinery manufacture, 3% (112 Mcal ha-') was accounted for by phosphorous and 

potassium fertilizers, 10% (457 Mcal ha-') was allocated to transportation costs, and 9% (422 

Mcal ha-') is accounted for the input energy requirements ofthe corn seed (Heichel, 1980). 

In this production system, approximately three-quarters of the input energy was accounted 

for by fùel and fertilizer requirements. By way of cornparison, in a typical alfalfa production 

system (in the year of establishment), 38% (1,084 Mcal ha-') of the total energy expenditures 

was allocated towards hel, 1% (30 Mcal ha-') was accounted €or by machinery, 9% (267 

Mcal ha-') was allocated towards phosphorous and potassium fertilizers, 3 i 96 (659 Mcal ha-') 

was accounted for by alfalfa seed, 5% (138 Mcal ha-') was allocated towards the production 

of pesticides, and 1 6% (44 1 Mcal ha-') of the total energy expenditures for the system were 

accounted for by transportation costs. In both rotations, energy allocated to pesticides, 

machinery, transportation and non-nitrogen fertilizers accounted for less than one-third of 

the total energy use (Heichel, 1980). While the proportion of energy accounted for by fuel 



use in both systems was similar (36% for the corn system vs. 38% for the alfalfa system), 

total fuel use in the alfdfa system (1,084 Mcal ha-') was only 67% of that in the corn 

production system (1,621 Mcal ha-'). Kn addition, while 38% of the energy budget for the 

corn production system was accounted for by nitrogen fertilizer, there was no nitrogen 

fertilizer used in the alfalfa production system- Together, the reduction in fiiel use and the 

absence of nitrogen fertilizer application in the alfalfa system lowered the total arnount of 

energy expended h m  4,468 Mcal ha-' to 2,830 Mcal ha-', 63% ofthe total energy consumed 

by the corn system (Heichel, 1980). Therefore, in this case, a forage system (i-e., alfalfa) 

decreased the amount of energy consumed in a crop rotation compared with a traditional 

forage system (Le., corn si1age)- By leaving the alfalfa in rotation for more than one year, 

the energy savings become even more substantive- In the establishment year, 3 1% ofenergy 

expenditures in the alfalfa system are allocated to seed production costs; there would he no 

need to seed alfa1 fa d e r  the year of establishment. 

The trend of energy savings with legumes has also been obsewed on the Canadian 

prairies. Three- and four-year annual crop rotations fiom four soi1 zones in Alberta were 

compared, where green manure lemmes were substituted for fallow. #en comparing 

similar rotations at the same site, the rotations containing the green manure legumes used 

between 12% and 25% less energy than the fallow-containing rotations- In each case, most 

of the energy savings were as a result of a decreased need for nitrogen fertilizer rising from 

the legume nitrogen (Rice and Biederbeck, 1983)- 

As was observed in the previous examples, nitrogen fertïlizer accounts for a large 

proportion of the energy consumed in a cropping system. Minera1 fertilizer accounts for 



nearly 70% of the total commercial energy used in agriculture, with the production of 

nitrogen fertilizer consuming approximately 90% of that energy (Stout, 1 990). Ammonia, 

which is used to produce inorganic nitrogen fertilizer, is synthesized by using the Haber- 

Bosch process. Nitrogen and hydrogen are combined at a pressure of 200 atmospheres and 

a temperature of 500 OC to produce Liquid ammonia (Srnil, 1997; 1999), which requires large 

amounts of energy. As well, world consumption of nitrogen fertilizer increased fiom 5 

megatons of nuirient in 1950 to 45 megatons of nutrient in 1975 to almost 80 megatons of 

nutrient presently (Smil, 1997). This trend is also evident on the Canadian Prairies, In 1987, 

there were 559,800 tonnes of ammonium phosphate, ammonium nitrate, urea, anhydrous 

ammonia, and nitrogen solution ferhlizers sold in Manitoba. In 1997, there were 726,800 

tomes of these products sold in Manitoba, representing an increase of approximately 30% 

during the 10-year period (Manitoba Agriculture, 1987; 1997). Not only does nitrogen 

fertilizer use consume great amounts of fossil fuel energy, but it is quite inefficient in doing 

so. Studies have shown that approximately 50% ofnitrogen that is applied as fertilizer is lost 

through denitrification, volatilization, or leaching below the root zone (Karlen et al. 1996; 

Tran and Girow, 19%). As a result, with mineral fertilizer accounting for nearly 70% of the 

total commercial energy used in agriculture, and nitrogen fertilizer accounting for 88% (in 

1982) of the commercial energy devoted to mineral fertilizer production (Stout, 1 WO), 

approximately 30% of the total commercial energy used in agriculture is Iost through the 

inefficiency of nitrogen fertilizer. 

It has long been recognized that including a legume in a crop rotation can enhance 

the productivity of a succeeding non-legume crop and sustain the productivity of soils 



(Hesterman, 1988; Entz et al. 1995); this management practice, along with the use of  

summerfallow to exploit soi1 organic nitrogen, was commonplace for supplyïng nitrogen in 

Prairie cropping systems until the arriva1 of economical commercial nitrogen fertïlizers 

(Heichel and Barnes, 1984), which led to a dramatic decrease in the utilization of legumes 

in rotation. hcluding legumes in a cropping system can also assist in breaking weed, insect, 

and disease cycles that are common among monocultures, allowing the producer to decrease 

the amount ofpesticides used- For example, the corn rootworm (Diabrotica spp-) is rarely 

a problem for corn during the year following alfaIfa in a rotation (Higgs et al, 1990), and 

weeds such as ~vild oat (Avena fatzra L.), Canada thistle [Cirsirrm arvense (L.) Scop-1, wiId 

mustard (Brassica kaber L.) and catchweed bedstraw (Galium uprine L-) that are problems 

in monocultures are much less prevalent in rotations containing forage legumes (Ominski et 

al. 1999). This O fien results in lower energy costs for cropping systems that contain legumes, 

as a result of decreased pesticide requirements, 

2.1.2 Energy outputs in crop production 

The ener,ay content of the different crops and livestock produced is that which c m  

be used as food energy by humans or livestock, or as fiel energy by machinery. The most 

comrnon type of füeI energy derived fÏom crops is in the form of ethanol, Presently, ethanol 

is produced by fermenting the starch in grains. Research examing conversion of other parts 

of crop plants (Le. stalks, leaves) to ethanol has been conducted in the United States (Vogel, 

1996). However, production of ethanol £iom this source is not yet commercially viable, due 

to the need for increased improvements in the conversion of biomass to fuel. While ethanol 

from grain is currently blended with some gasolines, it is currently a minor use for corn and 



other grains. 

Energy output fkom agriculturai land is primady in terms of foodenergy for humans 

and livestock- It has been estimated that 26% of the average energy intake for a person in 

industrialized corntries cornes fiom cereals, i3% fiom roots and tubers, 0.5% fiom pulses, 

7% fkom sugar, 3% fkom vegetable oils, 14.5% fiom meat, and 36% fkom milk 

(Alexandratos, 1995), al1 of which are important elements of Canadian prairie agriculturee 

The output energy of acrop can be rneasured using laboratorybomb calorirneter tests. 

Energy coefficients for crops commonly grown in western Canada are shown in Table 2-1 - 

So, while different crops c m  have varying energy input requirements (Le- seed, fuel, 

machinery, fertilizer, pesticides, etc.), they also have varying levels of output enery. 

Table 2-1. Energy content of crops commonly grown in western Canada (Nag,  1999) 

Crop Energy Content (MJ ha1) 

AlfaIfa 

Barley 

Dry Beans (Phaseolzis wdgan's L.) 

Canola (Brnssicn napus L., Brassica mpa L.) 

Field Pea (Pisurn scrtivtrm L.) 

FIax (Lintrrn risitatissimum L.) 

Oats 

Wheat 



2.1.3 Energy use efficiency in crop production 

In order to properly assess energy efficiency of a crop rotation, both energy input and 

energy output must be taken into account- One example of energy efficiency research was 

conducted by Zentner et al- (1989). In cornparhg continuous wheat treatments that did and 

did not receive nitrogen fertilizer, it was found that the fertilized treatment yielded 17% 

higher, but required 59% more energy, than the unfertilized treatment. This resuited in the 

unfertilized treatment being 3 1% more energy efficient tha.  the fertilized treatment (Zentner 

et al. 1989). However, the Uflfertilized continuous wheat treatment, while having a higher 

energy use efficiency, would be less sustainable than the fertilized treatment, because it 

would not replace the amount of organic nitrogen removed fiom the soil. Eventually, soil 

nitrogen levels in the unfertilized treatment could be depleted to the point where wheat yields 

would &op, resulting in lower levels of energy production, and a decrease in energy use 

efficiency. While energy use efficiency can be an important tool in measuring the 

sustainability of a cropping system, it should not be the only factor taken into account. 

Another study, conducted in southem Ontario, examïned the effect of variable tillage 

and herbicide inputs on energy efficiency (Clements et al. 1995). The researchers compared 

a corn-soybean [Glycine ma&+) Merr-1-wheat rotation with conventional and reduced weed 

control input levels, and found that while yields behveen the hvo were similar, the low input 

system used less energy and was more energy efficiency. The researchers also surveyed 12 

f m s  and found that there was no strong relationships between energy expended for weed 

control and the yields attained (although these results are likely very site and temporal 

specific), which indicates that yield potential was not sacrificed when weed control was 



reduced- This wodd r e d t  in the reduced input systems having higher energy efficiencies 

(CIements et al. 1995)- 

Environmental conditions c m  Vary fiom year to year, resulting in a wide range of 

input requirements and crop yields on the same land over a number of years (Pimentai, 

1980). As a result, energy use efficiency of  a crop rotation should be measured over a 

number of rotation cycles, so that variable environmental conditions may be averaged out. 

2.2 Role of Legurnes in Prairie Cropping Systems 

Environmental concerns such as leaching of nitrates fiom inorganic nitrogen 

fertilizers (in which al1 of the nitrogen is in a readily-available fom) into groundwater and 

the large amounts of commercial energy needed to produce these fertilizers suggest that 

altemate methods of adding nitrogen to soi1 should be considered. Incorporating legumes 

into rotations can provide numerous benefits to succeeding crops, such as higher protein 

levels, higher yields, weed control, and improved soi1 physical properties (Spratt, 1966; Hoyt 

and Leitch, 1983; Badaruddin and Meyer, 2989; Entz et al. 1995). However, the greatest 

attribute of a legume is the ability it has, in concert with soi1 bacteria known as rhizobin, to 

fix nitrogen from the atmosphere (Scheppers, 1988). 

2.2.1 Grain legumes 

One of the more common ways of ïncluding a legume in a western Canadian crop 

rotation is b y growing an annual grain legume. B y growing a grain legume, the producer c m  

harvest a grain crop, while still being able to capture some of the benefits ofhaving a legume 

crop in rotation. In addition, many grain legumes grown in western Canada do not require 

nitrogen fertilizer to maximize yield potentïal, Legurne grain crops, which are high in 



protein, have a wide variety of uses as food crops (Ledgard and Giller, 1995); grain legume 

crops grown on the Canadian Prairies înclude chickpea (Cicer an-eîikzirn L-), lentil (Lens 

culinaris Medikus), dry beans, faba beans (Vicia faba L.), pea and soybean- However, while 

providing rotation benefits to a cropping system, the actual N contribution to the soil fkom 

a Iegurne crop may be mal1 or even negative, as most of the k e d  nitrogen is removed kom 

the land as protein in the harvested grain (Buttery et al. 1992). Ledgard and Giller (1995) 

found that the net annual contrï'bution to soi1 nitrogen fiom fixednitrogen from lentil and pea 

ranged from -143 to 26 kg N ha-', and from -32 to 96 kg N ha-', respectively. Experïments 

in Saskatchewan showed the nitrogen residual effect Foui the peas on succeeding crops of 

barley and flax averaged 27 and 12 kg N ha-' at Melfort (moist Black soil climactic zone) and 

Scott (moist Dark Brown soil climactic zone), respectively (Beckie and Brandt, 1997)- A 

second Saskatchewan study showed that nitrogen fixation by lentil and pea was increased 

10% and 3 1 %, respectively, when grown using zero tillage as compared to conventional 

tillage practices (Matus et al- 1997). In conclusion, with such low levels of nitrogen 

contribution to succeeding non-legume crops, grain legurnes are not pnmarily grown for 

nitrogen contribution to the soil- 

2.2.2 Green manure legumes 

In a green manure system, the legume is grown for one year (or less In drier climates) 

and is traditionally not harvested for seed- The legume stand is terminated using chernicals 

andhr tillage, and a non-leguminous crop is seeded to capture the nitrogen benefits fkom the 

legume (Hesteman, 1988); in Canada, the succeeding non-legume crop is seeded the 

following year. While generally not contributing nitrogen to the soi1 in as large quantities 



as perennial forage legume stands, green maure forage legumes c m  contribute signîficont 

amounts of nitrogen to the soi1 for subsequent non-Iegume crops to utilize- 

2.2.2.1 Species descriptions Two important green manure legumes used in western Canada 

are chickling vetch (Lathyrus sativus L.) and lentil- Chickluig vetch is a new type of annual 

legurne for the Prairies which has shown great poteutial as a green manure crop- Chickling 

vetch grows in a branched manner, with stems that are sub-erect and climbing- Chickling 

vetch grows quite vigorously once it has estabiished, and possesses excellent nitrogen 

fixation ability (Bellido, 1994), most notably the variety 'AC Greenfix'.. Nitrogen fixation 

f7om chickling vetch grown for a six- to seven-week period reached 69 kg N ha-' in a study 

conducted in Saskatchewan (Biederbeck et al- 1996). Chickling vetch originated in the Near 

EastMediterranean region, so it is suited to dry climates, aithough it can tolerate an excess 

of rain (Cocks, 1999). Lentil has been used as a green rnanure crop on the Prairies for some 

tirne. Like chickling vetch, lenhl originated in the Near EastRLlediterranean region, so it is 

aIso suited to the dner clùnate of the Canadian Prairies, Lentil plants are slender, semi-erect 

amuals with compound leaves; plants normally range fiom 20 to 50 cm in height- 

Depending on population levels in the field, plants c m  have single stems or many branches. 

The lentil cultivar 'Indianhead' can provide significant arnounts of fixed nitrogen to 

succeeding non-legume crops (Opiinger et al. 1990). The authors of a study in Saskatchewan 

fowid that nitrogen fixation fiom lentil grown for a six- to seven-week penod reached 26 kg 

N ha-' (Biederbeck et al. 1996)- 

2.2.2.2 Performance in cropping systems An experhent conducted by Biederbeck et al. 

(1996) examined the nitrogen benefits fiom a number of green manure legumes to a 



succeeding crop of spring wheat over a period of seven years in southwestern Saskatchewan. 

Four green manure lepumes were selected: Black lentil, Tangier flatpea (Lathym tingifanus 

L.), Chickling vetch, and pea. The legumes were grown for a six- to seven-week period, 

fiom emergence to fidl bloom, at which time they were incorporated into the soïi wïth a 

tandem disc. While the arnount of nitrogeo fixed by the green manure legumes varied 

considerably with growing-season weather conditions and legume type, the average amount 

of nitrogen fked was 18, 16,49, and 40 kg N ha-' for black lentil, Tangier flatpea, chickling 

vetch, and pea, respectively (Biederbeck et al. 1996). 

A study conducted by Bremer and van Kessel (1 992) examined plant available 

nitrogen from lentil green manure, lentil straw remaùiuig after lentil harvest, wheat straw and 

sprïngapplied fectilizer during a subsequent growing season. It was found that only 7% of 

the 15N in lentil straw (and wheat straw) fiom the previoos year was mineralized by the t h e  

of wheat harvest, while 37% of the "N in lentil green manure was mineralized. 

difference was due to rapid mineralization of plant residues with a low carbodnitrogen (or 

C/N) ratio, such as Unmature whole legume plants, because nitrogen was in excess of what 

was required for microbial growth of the organisrns that are breaking down the residue- On 

the other hand, plant residues with a high C/N ratio (e.g. straw from mature wheat plants) are 

rnineralized more slowly, as the nitrogen in the residues is retained by the microbial biomass 

during residue decomposition(Bremer and van Kessel, 1992). Low bioavailability of 

nitrogen ftom mature legume straw is the reason green manures are traditionally not allowed 

to mature; in legume crops such as lentil, the majority of the nitrogen that is fixed firom the 

atrnosphere ends up in the above ground portion of the plant (eventually the seed). Harvest 



would result in much of the nitrogen beïng removed fiom the field, and not being made 

available to subsequent crops. 

Bremer and van Kessel (1992) found that denitrification and leaching losses of 

from lentil green manure, while greater than that fkom lentil and wheat straw, were 

approximately 20% lower thanoccurred with nitrogen fertilizer- As well, the results showed 

that less "N fiom the green manure was absorbed by the following wheat crop than nom 

fertilizer (19% as opposed to 34%). These fïndings correspond to findings of other 

researchers, suggesting that only a portion of nitrogen incorporated in l e p n e  residue is 

made available to the following crop, with the rest accounted for by soil organic matter, the 

inorganïc soil nitrogen pool, and denitrification and leachuig losses (Hestennan, 1988)- With 

green manure nitrogen being made available to plants less rapidly than nitrogen fertilizer, the 

nitrogen benefits generally last longer and can be more efficientty utilized (eg. less 

denitnfication and leaching losses). 

Green manure as a fallow replacement in dxier areas of the Canadian Prairies is 

becoming increasingly popular. A lentil green manure grown for 8 to 10 weeks can add 

nitrogen and organk matter to the soil without depleting soil water to the same degree as a 

full-season crop (Bremer and van Kessel, 1992). A study conducted in southwestern 

Saskatchewan exarnined water use by a nurnber o f  annual green manure legumes. Over a 

seven-year period, subsoil water after wheat was recharged to only 68% of fallow, but was 

recharged to 8 1% of fallow following the green manures (Biederbeck and Bouman, 1994). 

The earlicr the stand is terminated, the less water is used by the legurne, leaving more water 

available for the succeeding crop. If more water is available, the succeeding crops will grow 



better, and will better be able to make use of the available nitrogen fiom the legumes. In the 

drier areas of the Canadian Prairies, a year of failow has traditionally been used to store water 

for succeeding crops, despite the loss of soi1 quality, due to soil erosion that occurs 

(Biederbeck et al. 1996). Using green manure as a faiiow replacement reduces soil erosion, 

while also addïng nitrogen to the soil for subsequent crops to use- 

2.2.3 Perennial forage legumes 

Perennial forage Iegurnes are a botanical group of legumes that are seeded once and 

harvested as forage for a perïod of two or more years. Many studies have reported that the 

grain yield of non-legume crops are significantly increased by a previous legume crop in 

rotation (Badaruddin and Meyer, 1989; Entz et al. 19929, and the rotation of seeding a non- 

legurninous grain crop d e r  a perennia1 stand of a forage legume is Likely the most practiced 

method utilized to capture nitrogen added to the soil b y forage legumes (Hesterman, 1 988)- 

2.2.3.1 Species description M f a  has a deep tap root and herbage, which originates Etom 

a larse crown, that can reach 1.3m in height, Leaflets are serrated on up to one-half of the 

leaf margïn. Alfalfa origïnated in southwestern Asia and is the most important perennial 

forage grown in North America, 'Nitro' is a non-dormant variety which displays a low 

desee  of winter-heartiness, as it was developed to maximize forage yield and nitrogen 

fixation in annual alfalfa stands (Sheaffer et al. 1989; Sheaffer, 1993). In studies, 'Nitro" 

al falfa has been shown to contributed an average of 84 kg N ha-' in Minnesota (Sheaffer et 

al. 1 gag), and 121.4 kg N ha1 in Manitoba (Kelner and Vessey, 1995) to the soil in the fa11 

after only one season of growth. 

Red clover ( T r ~ ~ l i z i m  prntense L.), a biennial forage legume, also has a tap root, 



although it does not peuetrate the soil as deeply as that of alfalfa Stems are pubescent and 

grow in an upright manneroriginatuig fiom a narrow crown near the soi1 surface. Red clover 

originated in Asiakouthern Europe, and is the most widely-distributed and important clover 

crop (Sheaffer, 1993; Smith, 1978). Full season, overwintered red clover can fix between 

62 kg N ha-' and 134 kg N ha-' (Clark, 1998). 

2.2.3.2 Performance in cropping systems A study conducted in Manitoba found that 

residual benefits 60rn alfalfa were present for up to 6 years in a continuous wheat rotation, 

in tems of increased wheat yields and protein levels (Forster, L999), while the author of 

another study noted significant yield încreases to unfertilized wheat in the thirteenth year 

after alfalfa termination (Hoyt, 1990). Studies such as these tend to suggest that the nitrogen 

benefits to the soil provided by forage legumes extend beyond one growing season. 

Many producers will leave a forage stand in rotation for relatively long periods of 

time, with an average forage stand duration of at least 5 years reported on the Canadian 

Prairies, and will terminate a stand due to cultural reasons (Le. weed problems, declining 

forage productivity, pocket gophers) as opposed to rotational considerations (Entz et al, 

1995). However, significant nitrogen benefits for subsequent crops could be realized with 

forage stands of shorter duration. A study conducted in Manitoba by Kelner et al. (1997) 

exarnined the nitrogen contribution of shorter-ten-n alfalfa stands (Le. up to three years in 

length) to the soil. It was found that the net nitrogen contribution to the soil fkom two- and 

three-year stands of alfalfa were 148 kg N ha-' yr-l and 137 kg N ha-' yr -', respectively. The 

authors concluded that shorter-term perennial forage legume stands, as short as two years, 

c m  have a significant impact on increasing soil nitrogen levels (Kelner et al, 1 997). 



Having shorter-terni forage legurne stands in rotation provides not only short-terni 

benefits to the soil, but longer-term benefits as weil- A study camed out by McGiU et al- 

(1986) in Alberta examhed the long-term effects of dinerent rotations on the proportion of 

active soil nitrogen after 50 years- Two different rotations were examined: a wheat-fallow 

rotation, and a 5-year wheat-oat-barley-forage-forage rotation, where the forage stand was 

a mixture of alfalfa and bromegrass (Bromzis inermis L-). Both treatments received N, P, K, 

and S fertilizer, manure, or no fertilizer at dl (control). The researchers found that there was 

38% more soil nitrogen and 117% more rnicrobial nitrogen in the 5-yr rotation than in the 

2-yr rotation &er 50 years. 

The long-term effects of forage Iegumes in rotation were also examined in a study 

conducted in Saskatchewan (Campbell et al- 1991)- Rotations included fertilized and 

unfertilized continuous wheat, fertilized and unfertilized fallow-wheat and fallow-wheat- 

wheat rotations, and a 6-year unfertilized fallow-wheat-wheat-hay-hay-hay rotation. The hay 

treatrnent consisted of an alfalfa and bromegrass mixture that was not fertilized with 

nitrogen. The change in soi1 nitrogen concentrations over the 30 years of the study showed 

that while the fallow-wheat, fallow-wheat-wheat, and wifertilized continuous wheat rotations 

failed to maintain soil nitrogen levels, the fertilized continuous wheat and fallow-wheat- 

wheat-hay-hay-hay rotations both increased soil nitrogen leveIs. These results suggest that 

including perennial forage lepmes can increase the sustaînability of cropping systems. 

ResuIts such as these are not merely confined to North Amenca- Studdert et al- 

(1 997) conducted a Long-term study spanning 1 8 years in Argentina, which examined the 

effect of different crop rotations on soil quality and productivity- The researchers examined 



crop-pasture rotations (the pasture consisting of a mumire of forage grasses and legwnes) 

with cropping:pasture ratios of 5050 and 75:25, in addition to a number of contïnuous 

cropping rotations- Crops grown included spring wheat, potato (SoZanum tuberosztm L.), 

corn, sunflower (Heiimthus annus L.), oat, and oat and hairy vetch (Vicia villosa Roth) as 

green manure. Pastures with grass-legume mixtures included orchardgrass (Dacf l s  

glomeratu L-), bulbous canarygrass (Phalans tuberosa L.) tall fescue (Festuca arundinacea 

Schreb.), perenniai ryegrass, white clover (Tn~oiiztm repens L.), red clover and alfalfa 

Pastures were kept for two years and four or five years. They found that under six or seven 

years of continuous cropping light-fkaction carbon (LFC) and microbial biomass nitrogen 

(MBN) levels fell sharpiy- By cornparison, after a three to five years of pasture, LFC and 

MBN recovered to the leveIs that were present in the soil at the start of the crop rotation. 

LFC and MBN are the most active pools of organic nitrogen, and are responsible for the 

majority of short-term nitrogen turnover (Studdert et al. 1 997), so decreasing levels of LFC 

and MBN would result in a greater need for nitrogen fertilization. The researchers concluded 

that rotations containing a maximum ofseven years ofconventional cropping alternated with 

a minimum of three years of pasture would maintain LFC and MBN Ieveis in the soil, 

thereby maintaining nitrogen available for non-legume crops- 

2.2.4 Multiple Cropping with Legumes 

One way in which to attain the benefits of a legume in rotation, while being able to 

harvest a grain crop in the same year, is by multiple cropping with legumes. The legume is 

a secondary crop that is put in place once the primary crop is well-established or harvested. 

By utilizing the legume nitrogen, nitrogen fertilizer use could be decreased, thereby 



decreasing commercial energy use within such rotations. In these systems, as wïth green 

manures, the legumes are grown primarily as a source of nitrogen for the succeeding non- 

legume crop, rather than as a hay crop. However, other benefits inchde slowed soi1 erosion, 

improved soi1 structure and suppression of weeds (Clark, 1998). The advantage of multiple 

cropping with legumes is that a producer does not have to sacrifice a year of grain cropping, 

while receiving Iegurne benefits a green manure crop. Three primary ways to achieve this 

are through mixed intercropping, relay intercropping, and double cropping. 

2.2.4.1 Mixed intercropping In mixed intercropping, a legume is seeded in combination 

with a main, non-legume crop. In expeMents where legurnes were intercropped with corn, 

corn grown in the intercropping system had 10 to 75% higher yields than corn grown alone 

without nitrogen fertilizer. However, corn yield was decreased by 10 to 3 1% when nitrogen 

fertilizer was applied both to monocropped and uitercropped corn. When corn in the 

rnonocrop system was fertilized, corn yield decreases in the unfertilized intercropped system 

ranged from 30 to 54% (Tnplett, 1962; Nordquist and Wicks, 1974; Scott et al. 1987)- A 

study conducted in North Dakota in 1992 and 1993 examïned the effect on suntlower yield 

of di fferent p lanting times for five intercropped legumes: hairy vetch, yellow- flowered 

sweetc lover [Melilotzrs officinalis (L.) Lam.), al falfa, snail medic [Medicago snttellata (L.) 

Mill.], and black lentil. The legumes were sown on the same day as sunflower planting, 29 

days after planting (emergence of fourth mie sunflower teaf), and 46 days after planting 

(ernergence of tenth true sunflower leaf). With the exception of black lentil, legumes 

reduced sunflower seed yield when sowvn at the same time as the sunflowers, due to 

cornpetition fiorn the legumes- However, when the legumes were intercropped with the 



sunflowers at the four- and ten-leafstages, sunflower yieIds were not significantly lowered 

compared to the control treatment (Kandel et al- 1997). A study conducted in eastem Texas 

fiom 1983 through 1985 examined the effect of interseeded clover on wheat yield- The 

researchers found that in the first year of the system, wheat yields where clover was 

interseeded was only 47% to 71% of the yield in the control treatment- However, in the 

second year, wheat yields where clover was interseeded was 25% to 79% greater than the 

wheat yieId in the control treatment. These variations in wheat yields were attributed to 

differences in legume stand density mrandt et al. 1989)- An Iowa study examuied the 

influence of three interseeded soybean varieties on corn yields during the year of interseeding 

and the following year, The researchers found that during the year when soybeans were 

intercropped with corn, corn yields at three sites were not affected, while corn yields were 

reduced by an average of 8% at the other two sites- Second-year corn yields were increased 

by soybean interseeding an average of 12% at three of the five sites. However, when corn 

yields from both years were considered, there was a statistically significant yield increase 

fi-om the soybeans at one of the five sites (Sundberg and Shibles, 199 1)- These results show 

that where grain production is the primary objective, mixed intercropping systems should no t 

be used due to variability of both the grain yields in the year of interseeding and the benefits 

to succeeding crops. 

2.2.4.2 Relay intercropping Relay intercropping is defined as a system in which there are 

bvo crops in the field at the sarne time for a portion of the growîng season (Fig. 2-1). A 

second crop, or relay crop, is seeded directly into the established first crop. In North 

Arnenca, the hrst crop has typically been a winter cereal- Winter cereals are harvested 



approximately two weeks to one month earlier than spring cereals, allowing for a greater 

window of opportunitty for a second crop to make use of available resources remaïning in the 

growing season- On the Canadian prairies, the wuiter cereal is seeded in early September for 

winter wheat and fa11 rye (Secale cereale L-)- The relay crop is then no-till planted or 

broadcast seeded into the winter cereal in early s p ~ g .  The relay crop, while well 

established, will not usuaUy grow very large under the fùst crop, due to limitations to light, 

water and nutrîent sources imposed by the larger first crop- However, once the first crop has 

been harvested, the relay crop will begin to grow rapidly, as there will no longer be a cereal 

crop utilizing these resources (Moomaw et al. 199 1 a). in more southerly parts of the United 

States, it is possible to grow a grain or oilseed crop, such as soybeans, for harvest as the relay 

crop (Moomaw et al. 199 la). However, the shorter growing season on the Canadian Prairies 

does not allow for two grain crops to be harvested in one season. By planting a legume as 

the relay crop, nitrogen would be added to the soil for subsequent crops to use (Samson et 

al. 1991). 

In a Michigan study, different cultivars of alfalfa and red clover were relay cropped 

into winter wheat in spring, and were succeeded by corn the following growing season. The 

fertilizer replacement values of the legumes to a succeeding corn crop ranged fiom 32 to 5 1 

kg N ha-' for alfalfa and fiom 50 to 108 kg N ha-' for red clover, depending on site and 

cultivar. When soil water was adequate, corn grain yields following the winter wheat with 

the l e sme  relay crop were 4 to 62% greater than corn yields following winter wheat only. 

When precipitation levels were below normal, corn yields in the legume systern were reduced 

by 3 to 27% (Hesterman et al. 1992)- Another Michigan study examined the effect of relay 



intercropping burr medic (Medcago polymorpha L.) and mail medic legumes with corn. 

The fertilizer replacement values of the medics to a succeeding corn crop ranged from 13 kg 

N ha-' to 3 7 kg N ha-' (Jeranyama et al. 1998). In a study in Manitoba, Thiessen Martens et 

al. (2000) found that 'Witro" alfalfa relay cropped into wintrr wheat contributed up to 62 kg 

N ha-' to the soi1 for a subsequent oat crop. A study conducted in New Mexico examined the 

effect of relay intercropping hairy vetch, barrel medic (Medicago truncatrrln Gaertn), alfatfa, 

black lentil and red clover wïth corn. The fertilizer replacement values to a succeeding 

sorghurn crop fiom al falfa and hairy vetch ranged kom 78 kg N ha-' to 140 kg N ha-', and 

ranged fiom 10 kg N ha-' to 72 kg N ha-' for the barrel medic, red clover and black lentil 

(Guldan et al. 1997). An Ootario study which ran from 1994 through 1 996 examined the 

effect of red clover underseeded in wheat to a succeeding corn crop. Al1 treatments received 

155 kg N ha-', which is the recommended fertilizer rate for corn production in southwestern 

Ontario. However, afler fertilizer had been added, no-till corn yields in the relay crop system 

were 5% higher than following monocrop wheat (Drury et al- 1999)- 

2.2.4.3 Double cropping Double cropping is defined as a cropping systems in which there 

are two crops grown in succession in the same field in the same season; there is no overlap 

behveen the two crops as there is with relay intercropping (Fis 2-1). As with relay cropping 

in cooler temperate zones, the k s t  crop seeded is usually a winter cereal, in order to allow 

the second crop to capture more heat and water (Moomaw et al- 1991b)- In a Kentucky 

study, legumes were broadcast seeded into a standing corn crop shortly before harvest, 

closely approximating a true double cropping system @levins et al- 1990)- The legumes, 

hairy vetch, and bigflower vetch (Vicia grandtjiora W. Koch), gemiinated and grew for the 



Relay Cropping 
Seed winter Harvest winter Seed crop Harvest crop 

cereal (in fall) cereal (year 1 ) 

Seed legume 
(in early spring) 

Double Cropping 
Seed winter Harvest winter Seed crop Harvest crop 

cereal (in fall) cereal (year 1) 

Seed iegume 
Cafter harvest) 

Fig. 2-2. Time line of legume multiple cropping systems 

remainder of the growing season. In spring, the legume stands were terminated with 

herbicides, and corn and sorghum were seeded using a no-till seeder. The estimated fertilizer 

replacement value(FRV) for hairy vetch were 75 kg N ha-' Ui a succeeding crop of corn, 

while the estimated fertilizer equivalency value for bigflower vetch were 65 kg N ha-' in the 

corn (Blevins et al. 1990). A study conducted in North Carolina exarnined the effect of 

double cropping crimson clover (Trifolium incarnatum L.) and hairy vetch after corn. 

Nitrogen contribution to a succeedingcorn crop was estimated at 40 kg N ha-' to 45 kg N ha" 

for the two legurnes, averaged over two years (Wagger, 1989). A study conducted in Maine 

exarnined the effect of double cropping a mixture of hairy vetch and winter rye after barley. 

The nitrogen FRV to a subsequent corn crop ranged fiom 120 kg N ha-' to 15 1 kg N ha-' 

(Griffin et al. 2000). While the values described here may be higher than what could be 



expected on the Canadian Ehïries, due to the shorter growing season, double cropping forage 

legumes on the Canadian Prairies should still add nitrogen to the soi1 for subsequent non- 

legume crops to use- 

2.3 Fertilizer Replacement Value 

Estimates of the amount of nitrogen added to the soi1 by legumes, or the nitrogen 

credit (N-credit), have varied considerabfy over the years with region and climate (Ding et 

al. 1 998)- Some estimates of nitrogen credits provided by legumes uicluded -32 to 96 kg N 

ha-' fkom pea (Beckie and Brandt, 1997; Ledgard and Giller, 1995) harvested for gain, 1 8, 

1 6,49 and 40 kg N ha-' for black lentil, Tanger flatpea, chickhg vetch and pea, respectively 

(Biederbeck et al. 1996) grown as green manure crops and 137 kg N ha-' for a three-year 

alfalfa stand (Kelner et al, 1997)- 

A common method of determining the N-credit fiom legumes to a subsequent non- 

legume crop is known as fertilizer replacement value (FRV) (Fig- 23) -  Nitrogen FRV is 

defined as the quantity of fertiiïzer nitrogen required to produce a yield in a crop that does 

not follow a legume that is identical to that produced by incorporation of a l eawe  

(Hesterman, 1988). When determining FRV, a non-legume test crop is seeded ont0 land that 

did and did not have legumes during the previous year. Where legiimes were not present, the 

test crop is fertilized with a number of nitrogen fertilizer rates. A fertilizer response curve 

is created using the yield responses to the incremental rates of nitrogen fertilizer to create a 

response surface @hg et al. 1998). The yield of the test crop seeded where legumes were 

present is fitted to the equation in order to calculate the nitrogen FRV of the leagume. 

Calculating the FRV in the previously described manner assumes that al1 yield 



N fertilirer replacement value 
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Fig. 2-3. Typical N-fertilizer response curve with N-fertilizer replacernept value example 

(point A) wliere corn yield following the legume = 6.5 Mg ha-' (Hesterman, 1988). 

benefits to the subsequent non-legume crop are due to the addition of nitrogen. In fact, 

including legurnes in a crop rotation provide numerous other benefits to subsequent crops 

(Spratt, 1966; Hoyt and Leitch, 1983; Badaruddin and Meyer, 1989; Entz et al. 1995) that 

can contnbute to increases in yield. Therefore, the FRV term can be somewhat misleading. 

Taking this into account, sometimes FRV is calculated using the di fference method (Fig. 2- 

3), in which the economic nitrogen rate of the non-legume crop grown in the rotation is 

compared with that of  a continuously cropped non-legume (Lory et al. 1995). However, 

while the beneficial factors of  Lesumes outside of nitrogen are taken into consideration, the 

benefit to subsequent crop yields is measured in tems of the-equivalent amount of nitrogen 



fertilizer that woufd be needed to achieve the same yields. This is because much of the 

benefit of kgurnes is due to nitrogen addition to the soil, and it is easiest to quanti@ the 

benefits in terrns of kg hàL  of nitrogen- 

Fig. 2-4. Fertilizer N response of continuous corn (C-Q, continuous corn with winter 

cover crop of cnmson clover [(Clw)C-(Clw)C], or corn in a soybean-corn rotation with 

winter crops of cnmson clover [(Clw)S-(Clw)Ç] (Oyer and Touchton, 1990). 

2.4 Prairie Climate, Soi1 Zones and Cropping Systems Opportunities 

There are several major agronomic factors that influence crop rotations and legume 

performance. Two of the most important are climate and soil type. 



2.4.1 Climate 

There is a wide range in average climatic conditions across the Canadian Prairies. 

Average annual precipitation levels range from 513 mm at Winnipeg, MB in the eastern 

prairies, to 127 mm at Indian Head, SK in the central region of the Prairies, to 334 mm at 

Swift Current, SK and 41 3 mm at Lethbridge, AB. Precipitation levels are also generally 

higher in the northem portions of the prairies- In southern Alberta, Lethbridge receives an 

average of 413 mm of precipitation, while in northem Alberta, Beaverlodge receives an 

average of 467 mm annually (Campbell et al. 1990; Environment Canada, 1999). 

Temperature also varies across the Canadian Prairies, generally increasing fiom east 

to west- Average annual temperature ranges kom 2.1°C at Winnipeg, MB in the eastern 

Prairies, to 2.0 O C  at Indian Head, SK in the central region of the Prairies, to 3.3 OC at Swift 

Current, SK and 5.0 OC at Lethbridge, AB in the West. Temperature decreases from soiith 

to north- In southern Alberta, the average annual temperature at Lethbridge is 5.0 O C ,  while 

in northem Alberta, the average annual temperature at Beaverlodge is 1.6 OC (Campbell et 

al. 1990; Environment Canada, 1999). 

As a result of climate variation, different legume recommendations will be made in 

different regions. For example, perenniai forage legumes would be appropriate to include 

in a rotation in areas that receives adequate rainfall, such as central Alberta or south-central 

Manitoba. However, green manure legumes would be a more appropnate choice for a crop 

rotation in dryland regions, such as southem Alberta and southwestern Saskatchewan. This 

variation in climate also a e c t s  the appropriateness of including legumes as relay intercrops 

and/or double crops in a rotation. After harvesting winter wheat, which requires 1143 



growing-degree-days (GDDs) fiom spring to harvest (Thiessen Martens and Entz, 2000), an 

average of 754 GDDs (base temperature of SOC) and 152 mm of precipitation remaïn in the 

growing season at Morden, MB. By cornparison, Arborg, MB has, on average, only 370 

GDDs and 1 18 mm of precipitation, while Lethbridge, AB bas 566 GDDs, but only 84 mm 

of precipitation remaining after wuiter wheat harvest (Messen Martens and Entz, 2000). 

This suggests that sufficient heat and water remain &er winter wheat harvest to successfully 

use legumes as relay intercrops and double crops at Morden, in south-central Manitoba. 

However, while receiving adequate precipitation, Arborg, located in the hterlake region of 

Manitoba, does not receive enough heat. Conversely, Lethbridge, located in southern 

Alberta, while receiving adequate heat, is Iikely too dry for relay intercropping and double 

cropping to be a viable option. 

2.4.2 Soil type 

Another environmental factor that should be considered when selecting a legume 

management system is soil characteristics. Soil type affects water availability for plants. 

Fine-textured soil, such as a heavy clay soil, will store more water than will a coarse-textured 

soil, such as a sandy soil . As moisture is oRen the most limiting factor in crop production 

on the Canadian Prairies (Campbell et al. 1990), appropnate lepumes for the soil type in 

question should be chosen. 

Of the approximately 30,000,000 ha of cultivated land on the Canadian Prairies, 

approxirnately 50% is located in the Black and Dark Gray soil zones, 27% in the Dark Brown 

soil zone, and 23% in the Brown soil zone (Campbell et al. 1986; 1990). The Brown and 

Dark Brown soil zones occupy the south-western and south-central portions of the Prairies. 



The average depth of the soil surface layer is 12.5 cm and 7.5 cm for the Brown and Dark 

Brown soil zones, respectively, whiIe organic matter content of these soils is about 2% and 

4%, respectively, for the Brown and Dark Brown soils (Campbell et al. 1990). The soil in 

these zones is of a medium texture, and the Dark Brown soils are more level in topography 

than the Brown soils. Wind erosion and moisture deficits are senous problems for these 

soils, but are less of a problem in the Dark Brown soil zone. 

The Black soil zone dominates the eastern portion of the Canadian Prairies, in the 

parkland and true grassland areas. The average depth of the surface Iayer is 20-25 c m  and 

the soil organic matter level is approximately 7%. The soi1 is mostly medium textured and 

the land is mainly level (Campbell et al. 1990). 

The Gray Brown and Gray Luvisolic forest soils occur in the transitional areas of 

grassland and forests, north of the Black soil zone. These soils generally range in organic 

matter content corn 1% to 10%. Wind erosion is not a senous problem, but water erosion 

is a major concem (Campbell et al. 1990). Selecting a legume that is suited to a specific soil 

zone (e-,a- utilking a legume with lower levels of water use in the Brown and Dark Brown 

soil zones, where moisture deficits pose senous problems) can aid in ensuring that soil 

improvement benefits From legumes can be optimized. 

2.5 Tillage Management of Legumes in a Crop Rotation 

Tillage operations (e-g. using cultivators, plows, etc.) can influence legume 

performance and energy efficiency. For example, if a zero-tillage management system is 

utilized, then a legume that will be more susceptible to herbicides at the time of termination 

should be selected to minimize energy expenditures. This section will examine factors such 



as this in more detail. 

2.5.1 Tillage effects on energy use 

Weed control in Prairie crop production is achieved tbrough the use of tillage and/or 

herbicides. Using herbicides to control weeds as opposed to tillage, as is the case in a zero- 

tillage system, can result Ï n  lower levels of energy use and improved levels of energy use 

efficiency. More energy is required to use a cultivator (1 1 m wide) once for prïmary tillage 

on hard or clay soils and clay loam soils than for one application of 65% and 56%, 

respectively, of the herbicides used in western Canadian crop production (Nagy, 1999). 

Clements et al- (1 995) studied energy expenditure of tillage and herbicide inputs in 

alternative weed management systems in Ontarîo, The authors examïned 12 f m s  and found 

that eliminating tillage improved energy use efficiency more than eliminating herbicide use. 

in addition, the two fanns that used only herbicides had the lowest energy budgets for weed 

control (Clements et al- 1995). These findings suggest that energy use of cropping systems 

c m  be effectively decreased by reducing the number of tillage operations. 

2.5.2 Tillage effects on soi1 porosity 

Tillage management systems c m  substantially affect soil porosity, which has a 

profound influence on water movement and potential soil productivity. Numerous studies 

have found, with the exception of fine-textured soils, that b u k  soil density is decreased in 

a zero-tillage management systern (Blevins et al. 1985). As bulk soil density decreases, soi1 

porosity increases. For a given soil texture, the higher the degree of soil pomsity, the greater 

water infiltration will bey resultïng in soils that are able to store more water for use during 

drier periods (BIevins et al. 1985; Allmaras et al. 1991). Efficient use of soi1 water is an 



especially important consideration on the Canadian Prairies, as moisture is the factor that is 

generally the most limitîng to crop production (Campbell et al- 1990). This is important for 

energy efficiency of cropping systems, for as crop yields are increased, so to can energy 

efficiency, if the factor that is chmged does not require large amounts of energy. 

2.5.3 Tillage effects on soi1 nitrogen 

One area of interest that has arisen nith regards to tïliage effects on legurnes is how 

nitrogen fixation by the legumes is affected. In one of the few studies to consider tillage 

effects on nitrogen fixation by legumes on the Prairies, Matus et al. (1997) observed that 

nitrogen fixation by lentil and pea in a zero-tillage system was 10% and 3 1% greater, 

respectively, than when grown in a conventional tillage system. The authors speculated that 

higher nitrogen fixation under zero-tillage was due to three main factors related to nitrate 

availability in the soil. Firstly, soi1 cultivation stimulates mineralization of soi1 organïc 

matter, which results in higher concentrations of nitrate in tilled soils as compared to zero- 

tiIIage soils; this accumulated nitrate represses nitrogen fixation- High concentrations of 

inorganic nitrogen in soil can inhibit root-haïr infection, nodule growth and development, as 

well as nitrogen fixation itself (Ledgard and Giller, 1995). Therefore, lower levels of 

inorganic soil nitrogen associated with zero-tillage sys tems are more favourable for higher 

Ievels of nitrogen fixation by legurnes- Secondly, under zero-tillage, the populations of 

aerobic microorganisms in the rooting zone are lower than in conventional tillage systems 

(Power and Doran, 1988)- Lower populations of microorganisms in the rooting zone result 

in slower turnover of orgauïc matter, which results in lower levels of soil nitrates. Thirdly, 

zero-tillage retains crop residues on the soil surface, often resulting in lower levels of 



available soil nitrogen in the rooting zone as compared to conventional tillage (Power and 

Doran, 1988; Matus et al, 1997)- 

Tillage can also affect the availability of legume nitrogen to subsequent crops. It has 

been weU documented for many years that legumes contribute fixed nitrogen to subsequent 

crops, but it is only recently that researchers have exarnined the effects that tillage systems 

may have on that legume nitrogen. Soi1 organic nitrogen levels are enhanced by retumuig 

crop residues to the soil (Power and Doran, l988), especially fFom the residues of terminated 

legumes (Mohr et al. 1998). In western Canada, forage legurnes are terminated using tiiIage, 

herbicides, or a combination of the two (Entz et al. 1995). It is known that tillage speeds up 

decomposition of legume residues and mineralization of nitrogen contained in the residue 

Frye et al. 1988). In one controlled environment study, soil-incorporation of vetch residues 

resulted in mineraiization of 5 1% of residue N after 35 days, while only 36% of residue 

nitrogen was mineralized over the same time period where vetch residues were surface- 

applied (Aulakh et al. 1991). However, a number of studies have found that differences in 

nitrogen mineralization tend to be greatest within 30 days of residue application, and decline 

aftenvards (Mohr, 1 997; Varco et al- 1989; Wilson and Hargrove, 1986)- As a resuit, studies 

have been undertaken to determine the effect of tillage on nitrogen availability fiom legume 

residues to subsequent crops. One such laboratory study exarnined the fate of symbiotically- 

fixed ' 5 ~ ,  in alfalfa as influenced b y rnethod of crop termination (Mo hr et al. 1 998). Thirty- 

three days after alfalfa termination, 1% of "N present was recovered in the aboveground 

biomass of succeeding barley plants, 8% in the soil and 91% in alfalfa residues in the 

herbicide (zero-tillage) treatments, while 10% of "N present was recovered in barley 



abovegound biomass, 52% in soil and 38% in alfaüaresidues in the tillage treatments (Mohr 

et al. 1998). 

In follow-up field experiments, Mohr et al. (1 999) examined plant-available nitrogen 

supply as affected by method of alfalfa tennination. AlfaIfa was temllnated using either 

tillage or herbicide (glyphosate) and no tillage; wheat was established after tennination. In 

three of the four experiments, plant-available nitrogen in the spring afler termination was 

higher in the tilled treatments than in the treatments receiving only herbicides, but by the fa11 

of the second growing season d e r  termination, differences in cumulative plant-available 

nitrogen supply between treatments were no longer observed. Wheat yields in the herbicide 

treatments were similar to or greater than those in the tillage treatments, despite lower levels 

of plant-available nitrogen in the spring. Tillage accelerates mineralization of alfalfa 

residues, resulting in a larger soil inorganic nitrogen pool the following spring. However, 

there was still sufficient mineralization of legume residues to provide enough nitrogen to the 

subsequent wheat crop to allow for similar yields, as compared to the treatments where 

tillage was the termination method (Mohr et al. 1998, 1999). The results suggest that more 

nitrogen is lost from the system when tillage is the temination method, as opposed to using 

herbicides, and that nitrogen release fiom alfalfa residues and nitrogen requirements of a 

wheat crop are more closely matched when using herbicides to terminate alfalfa, thereby 

reducing nitrogen losses and irnproving nitrogen use efficiency, and improving energy use 

efficiency (Mohr et al. 1999). 

2.5.4 Tiliage effects on soil water 

In addition to affecting nitrogen fixation and nitrogen avai lability f?om legume 



residues to subsequent crops, tillage may also affect water availability to subsequent crops- 

A study conducted by Bullied and Entz (1 999) in south-centrai Manitoba examined the e ffect 

of alfalfa stand tennination method on soil water recharge, as well as on the establishment, 

growth and water use efficiency (WUE) of a succeeding sprïng wheat crop. The alfalfa 

termination treatments consisted ofherbicide (glyphosate), tillage (four chisel plow and two 

tandem dise operations), and herbicide plus delayed tillage (gIyphosate followed 

approxirnately 30 days later wïth two passes with a tandem disc) at a number of times 

throughout the season. Results showed that the herbicide treatments had greater late season 

soil water recharge and conservation, as compared to both the tillage and herbicide plus 

tillage treatments in the period of time from stand tennination to late fa11 of the first season. 

The authors also found that oveminter soil water recharge was greater in the herbicide 

treatments. With respect to the subsequent spnng wheat crop, treatments where the alfalfa 

was terminated with herbicide resulted in higher water use efficiency of the wheat and higher 

grain yields, as compared with treatments involving tillage. 

While the benefits of growing peremial forage legumes in a zero-tillage management 

system have been well documented, their termination may be more difficult than in a 

conventional tillage system. It is important to achieve proper termination, in order that yields 

of the succeeding crop does not suffer as a result of competition ftom remaining legume 

pIants- Bullied et al. (1999) examined no-till alfalfa tennination strategies in southern 

Manitoba and found that herbicide could be used successfully for termination- However, the 

only herbicide treatrnent that consistently provided similar alfalfa suppression to tillage was 

a high rate of glyphosate. The high rate of glyphosate used in this study was four times the 



recommended rate (Manitoba Agrîculhue, 1998) for normal weed control, uidicating that 

termination of perenniai forage legume stands mayprove to be a challenge in no-till systems. 

These resuits suggest that using herbicide as a method of forage legume stand 

termination can further extend the benefits of including forage legumes in a crop rotation, 

as well as maintaining soil water levels and soil quaiïty- This, in turn, will ïncrease crop 

yields, which will also increase energy production and energy efficiency O fcropping systems. 

2.6 Redesign of Cropping Systems to match Farm and Economic Structures 

While tillage regime and environmental conditions will factor into the decision of  

how to incorporate legumes into a crop rotation, it is the ability of a l epme to fit into the 

farming system, and economic factors that will be the deciding factors. For example, if a 

producer does not have access to forage cutting and baling equipment (Higgs et al- 1990), 

or a viable market for selling harvested forage crops, then it may prove too difficult to 

produce perennial forage legumes. In fact, the single most likely reason for why producers 

accept or reject a particular crop rotation is the price margin. The low cost ofpurchased 

inputs tends to favour their use, replacing more traditional methods, such as includlng 

legumes in rotation (Clark and Poincelot, 1996)- However, as prïces of enerw and nitrogen 

fertilizer continue to increase, crop rotations containing legumes rnay once again become cost 

effective (Keichel, 1978). The realized net income of Canadian producen as a percentage 

of farm cash receipts declined by approximately 60% fiom 1974 to 1990 (Clark and 

Poincelot, 1996), which has led to increased interest in agriculture that is less dependent on 

non-renewable energy, such as including legumes in rotation. In addition, certain market 

forces (Le. increasing market for organic foods) have provided another incentive to include 



leames in a crop rotation. In the past, it was easier, more profitable, and more couvenient 

to replace the semkes provided by legumes (Le. nitrogen benefit; breaking of disease, insect, 

and weed cycles, etc.) with biocides and fertilizers. However, as problems associated with 

these technology-based inputs came under increasing scrutiny, and as profit margins 

narrowed, producers began searching for alternatives. For increasing numbers of producers, 

crop rotations containhg forage, green rnanure or multiple cropped legumes provide a way 

to not only increase profitability but to achieve greater harmony with the surrounding 

environment (Clark and Poincelot, L 996)- 

2.7 Conclusions 

After reviewing the relevant literature on the subject, it is quite clear that the 

inclusion of legumes in a crop rotation can decrease total rotational non-renewable energy 

use, and maintain or increase rotational energy efficiency, as compared to continuous grain 

cropping. The production of inorganic nitrogen fertilizer requires more energy to be 

expended than for any other aspect of crop production. Legurnes fix nitrogen, reducing or  

negating the need for addition of inorganic nitrogen fertilizers in years they are present in a 

rotation. Legumes, especially those that are grown as perennial forages, green rnanures, and 

multiple crops, c m  provide substantial amounts of nitrogen to the soi1 for subsequent non- 

legume crops to utilize, M e r  reducing the need for ùiorganic nitrogen fertilizers in the 

cropping system. Including legumes in acropping system appears to decrease energyuse and 

increase energy efficiency. However, there remain a number of outstanding issues. 

Firstly, while there has been research conducted on non-renewable energy use and 

efficiency of cropping systems, Little of it is current. The majonty of the relevant research 



into energy use and efficiency of crop production was conducted during the energy crisis of 

the late 1970's and early 1980's, and the majority ofthat work was conducted in the United 

States. More research on energy in grain production needs to be conducted, especially in 

western Canada. Perhaps if oil and gas pnces continue to nse as they have during the recent 

past year, more energy research in agriculture will be conducted, as was the case durhg the 

last energy crisis. 

Secondly, more research which examines the effect of climate and soi1 zone on 

legume performance is needed. Elegurnes are to play an important role in decreasing non- 

renewable energy use and increasing ener-7 efficiency in crop production on the Canadian 

Prairies, more work on how climate and soi1 type affect legume performance is required- 

niirdly, more research needs to be conducted with novel legurne systems, in order 

to encourage more producers to include legumes in crop rotations. In particular, legumes 

suited to multiple cropping on the Prairies need to be exarnined, what regions are best suited 

to these systems, and how these systems aEfect non-renewable energy use and efliciency, in 

Western Canada. As cropping systems have changed on the Prairies, so to must the legumes 

utilized in order to compliment these cropping systems. 



3. Effects of Green Manure and Perennial Forage Legumes on Non-Renewable 
Energy Use Efficiency In Western Canadian Crop Rotations 

3.1 ABSTRACT 

Inputs such as machinery, hiel, pesticides and fertilizers contribute to energy 

expended in cropping systems. Reducing non-renewable energy use (EU) and increasing 

energy use efficiency (EUE) can make cropping systems more sustainable. Nitrogen benefits 

of legumes to succeeding non-leguminous mops are well documented. This study examined 

the effect of green manure and perennïai forage legumes on energy efnciency of crop 

production for four western Canadian crop rotation studies: Lethbridge, AB; Swifi Current, 

SK; Indian Head, SK; Glenlea, MB. Relative to continuous grain rotations, rotations -- 

containing 50% perennial forage legumes decreased EU by up to 85% and increased EUE 

by up to 438%. Relative to cereal, pulse and oilseed rotations, they reduced EU by up to 

28% and increased EUE by up to 294%. Unfertilized rotations containing green manure 

Iegumes decreased EU by up to 65%, and increased EUE by up to 196%. Fertilized rotations 

containing green manwe legumes, while decreasing EU by 26%, did not affect EUE. The 

contribution of legumes to decreased levels of energy use was nitrogen addition to the soil. 

Economic performance of rotations contaîning green manure legwnes were comparable to 

rotations containing fallow, but were not as profitable as annual grain rotations at Lethbridge, 

A B  and Swift Current, SK. Economic performance of rotations containing perennial forage 

leaumes were not as profitable as fertilized continuous grain rotations at Indian Head, SK, 

but were more profitable when compared to continuous cropping rotations in south-central 

Manitoba. 



3.2 INTRODUCTION 

Durùig the latter part of the 206 century, there has been much discussion and interest 

with respect to the environment, and the impact of humans upon it. Throughout recent 

history, human activity has had a great ïmpac t, often detrimental, on the environment. This 

detrimental Unpact has occurred especially with regard to the use of non-renewable energy 

sources, particularly fossil fiels. The bumîng of fossil fùels has resulted in large amounts 

of pollutants being released into the atmosphere, while the fossil fùel shortages of the early 

1970's forced people to examine modem indusm-alized systems. Agriculture was crïticized 

for being inefficient in terms of fossil fuel energy inputs per unit of food energy produced 

(Fluck and Baird, 1980)- These issues led to research which examined methods witb which 

to decrease o n - f m  energy inputs, and to increase the energy use efficiency of agricultural 

production- 

An energy budget calculates how much energy is being produced and consumed by 

the f m .  The energy requirements to produce machines: fertilizers, and pesticides have 

been detemined, as well as how much fuel energy is required to cany out the various field 

operations. In addition, researchers have calculated feed energy content for the different 

crops. These energy coefficients can be used to calculate the energy use efficiencies of 

different agricultural production systems. 

Mineral fertilizer accounts for largest proportion of energy expended in crop 

production (up to 70%), while the amount of commercial energy devoted to mineral fertïlizer 

accounted for by nitrogen is nearly 90% (Stout, 1990). When considering that up to 50% of 

nitrogen that is applied as fertilizer c m  be lost to processes such as denitrification, 



volatilization, or ieaching below the root zone (Karien et ai. 1996; Tran and Girow, 1998), 

it is apparent that a great deal of energy expended in crop production is lost through the 

inefficiency of nitrogen fertilizer. 

Including legumes in a crop rotation has been shown to reduce energy requirements 

of the cropping system in a varïety of  ways. Fustly, and most importantly, legumes flx 

atrnosphenc nitrogen, so they do not require inorganic nitrogen fertilizers. Legurne residue 

decomposes and releases nitrogen into the soi1 for subsequent crops to use. It has long been 

recognïzed that including a forage legume in a crop rotation can enhance the productivïty of 

a succeeding non-legume crop (Hesterman, 1988); this management practice was 

commonplace for the replacement of nitrogen in cropping systems until the arrival of 

commercial nitrogen fertilizers (Heichel and Barnes, 1984), which led to a dramatic decrease 

in the utilization of Iegumes in rotation. Secondly, including legumes in a crop rotation can 

hetp break insect, disease and weed cycles that are common among monocultures, allowing 

producers to decrease their reliance on pesticides. For exarnple, the corn rootwonn is rarely 

a problem for corn during the year following alfalfa in a rotation (Hïggs et al. 1990), and 

weeds such as wild oats that are problems in monocu1tures are much better controlled in 

rotations containing forage iegumes (Orninski et al. 1999). The objective of this study was 

to examine the effectiveness of green rnanure and perennial forage legume crops in reducing 

the use of non-renewable energy inputs in rotation, and increasing energy use efficiency of 

cropping systems, as a result of decreased nitrogen fertilizer requirements. 



3.3 MATERIALS AND METHODS 

3.3.1 Background 

A series of crop rotation experiments were utilized to study the effect of perennial 

forage and green manure legumes on the overall energy use and energy efficiency of western 

Canadian cropping systems. Field experiments fiorn four sites were used: Agriculture and 

AM-Food Canada research centres located at Lethbridge, Alberta, Swift Curent, 

Saskatchewan, and Indian Head, Saskatchewan, and at the Universiw of Manitoba research 

station situated at Glenlea, Manitoba, 

3.3.1.1 Green Manure Legume Experiments 

A crop rotation experiment was initiated in 1951 at the Agriculture and A*-Food 

Canada research station at Lethbridge, AB (49" 42'N, 1 12" 507W) on a Lethbridge clay loam 

soi1 (Orthic Dark Brown Chernozem). Four crop rotations fkom this study were exarnined: 

a three-year fallow-wheat-wheat rotation that did not receive nitrogen fertilizer F-W-W(- 

N)], a three-year fertilized fallow-wheat-wheat rotation (F-W-W), a fertilized continuous 

wheat rotation (contW), and a three-year green manure-wheat-wheat rotation [GM-W-W (- 

N) J. The green manure crop sown was 'Indianhead' lentil, and 'Katepwa' was the variety 

of wheat sown- The GM-W-W (-N) rotation was added to the experiment in 1985- The 

treatments were arranged in randomized complete block design with al1 rotational phases 

present every year in each of four replicates. Plot size was 3.2 m x 36.6 m (E3remer et al- 

1994). Six years of data, fkom 1989 through 1994, were exarnined in this study. 

P hosp horous fertilizer was applied as mono-ammonium phosphate (1 1-52-0) at 50 

kg P,O, ha-' to wheat with the seed in al1 treatments since 1985, with the exception of 1993, 



when 30 kg P,O, ha-' was applied. Nitrogen fertilizerwas applied as ammonium nitrate (34- 

0-0) at 80 kg N ha-' to wheat in the contW and F-W-W rotations with the seed since 1985, 

with the exceptions of 1989, when 90 kg N ha-' was applied, and 1994, when 50 kg N ha-' 

was applied. The F-W-W (-N) and GM-W-W (4) rotations did not receive nitrogen 

fertilizer, other than the 5 kg N ha-' or less contained in the phosphorous fertïlizer (Bremer 

et al., 1994). 

In 1989 and 1990, plots were sprayed two weeks prior to seeding to control weeds 

with 1 -5 L ha-' of 2,443 and 2.2 L ha-' of paraquat, respectively. Weed control in fallow 

treatments was achieved with a combination of tillage and a variety of herbicides. Al1 field 

operations were perfonned using small commercial faxm equipment (Bremer et al., 1994). 

Wheat and lentil crops were seeded in late Apnl or early May, into a prepared 

seedbed, which had been cultivated or disced the day of seeding, or a few days beforehand. 

Wheat was seeded at 60 kg ha-' usïng a hoe drill seeder, while lentil was seeded at 40 kg ha-' 

using a disc drill seeder. Wheat crops were sprayed in late May to mid-June in 1989 to 1992 

and 1994 to control weeds using a variety of herbicides; no in-crop spraying occurred in 

1993. Wheat crops were also hand-weeded in 1994. The lentil crop was terminated with 

tillage or herbicides in June or July, depending on when the legurnes had reached the 

flowering stage. Grain yields of wheat were determined each year by harvesting a portion 

of each plot with a small combine (Bremer et al- 1994). 

A crop rotation experiment was uùtiated at the Agriculture and Agn*-Food Canada 

research station at Swift Cunrent, SK (50" 1634 107" 44'W) in 1987, This study is situated 

on a Swinton silt loarn soi1 (Orthic Brown Chernozem) (Biederbeck et al. 1996)- Three crop 



rotations fiom this study were examined: a contïnuous wheat rotation (contW), a three-year 

fallow-wheat-wheat rotation (F-W-W), and a three-year green manure-wheat-wheat rotation 

(GM-W-W). The green manure crop was 'hdianhead' lentil, and 'Leader' was the variety 

of wheat sown. The treatments were arrangeci in a randomked complete block design with 

d rotational phases were present every year in each of three replicates . Plot size was 6.75 

m x 18 m (Biederbeck et al. 1993). Nine years of data, £iom 1987 through 1995, were 

examined in this study. 

Phosphorous fertilizer was applied as mono-ammonium phosphate (1 1-52-0) at 15 

kg PzO, ha-' to 23 kg P20, ha-', depending on soi1 test recommendations, to wheat and 

legume treatments with the seed in all treatments. Nitrogen fertilizer was applied as 

ammonium nitrate (34-0-0) to wheat in al1 rotations with the seed at rates of  O kg N ha-' to 

66 kg N ha-'. Weed control in fallow treatments was achieved with a combination of tillage 

and a variety of herbicides. Al1 field operations were prefomed using small commercial 

farm equipment. 

Crops were seeded in Iate April or early May usîng a disc drill. Crops were seeded 

into a prepared seedbed, which had been cultivated or disced a few days beforehand. Wheat 

was seeded at 60 kg ha-', and lentil was seeded at 40 kg ha-'. Herbicides were applied as 

required for in-crop weed control. The lentil crop was tednated by herbicides and tillage 

in Iune or July, depending on when the legumes had reached the flowering stage. Grain 

yields of wheat were detemiined each year by harvesting a portion of each plot with a small 

combine. 



33.1.2 Perennial Forage Legume Experiments 

A crop rotation study was initiated in 1958 at the Agriculture and AgrÏ-Food Canada 

experîmental fami at Indian Head, SK (50" 53'N, 103" 66'W) on an Indian Head heavy clay 

soi1 (Rego Black Chemozem) (Zentner et al. 1987). Three crop rotations fiom this study 

were examined: a fertilized continuous wheat (cultivars of hard red spring wheat changed 

penodically to correspond to recommended cultivars that were used in the area) rotation 

(contW), an unfertilized continuous wheat rotation [contW(-f)], and a 6-year unfertïlized 

fâllow-wheat-wheat-hay-hay-hay IF-W-W-H-H-H (-f)] , orperennial, rotation, where the hay 

crop was a mixture of alfalfa (cv. common) and bromegrass (cv. comrnon) in 1993 and 1994, 

and alfalfa in 1995 through 1998- The treatments were arranged in randomized complete 

block design with al1 rotational phases present every year in each of four replicates. Plot size 

was 4.5 rn x 33 -5 m. Six years of data, fiom 1993 through 1998, were exarnined in this study 

(Zentner et al. 1987; Campbell et al- 1990). 

Phosphorous fertilizer was applied as mono-ammonîum phosphate to the fertilized 

wheat treatment with the seed, with application rates ranging from 23 kg P205 ha-' to 28 kg 

P,O, ha-'. Nitrogen fertilizer was applied as urea (16-0-0) to the fertilized wheat treatment 

with the seed, with application rates ranginp 6om 50 kg N ha-' to LOO kg N ha-'. Fertilizers 

were applied according to soi1 test recommendations. Weed control in al1 treatments was 

achieved with a wide variety of herbicides, as the experiment was managed under a zero- 

tillage system. Al1 field operations were perfonned using small commercial farm equipment 

(Zentner et al. 1987; Campbell et al. 1990). 

Wheat and forage crops were seeded in late April to late May ha-', using a disc drill 



seeder. Wheat was seeded at 134 kg ha-' to 145 kg ha-', while the alfalfa was seeded alone 

at 9 kg ha-' to 1 1 kg ha-' fiom 1995 and on. Pnor to 1995, alfava was seeded at 2 kg ha-' to 

4 kg ha-' in a mixture with bromegrass, which was seeded at 8 kg ha-'. The forages were 

seeded in the spring of the fourth year of the rotatioc, and harvested during the fourth, fi&, 

and sixth years of the rotation. The forage crop was termïnated with herbicides. Grain yields 

of wheat were determïned each year by harvesting each plot with a small combine. Forage 

plots were cut once per year, field-dried and baled and the hay weighed to determine forage 

yields (Zentner et al. 1987; Campbell et al- 1990). 

A crop rotation experiment was initiated in 1992 at the University of Manitoba 

Faculty of Agicultural and Food Sciences research station at Glenlea, MB (49" 63'N, 97" 

13 ' W) on a Scanterbury clay soi1 (Gleyed Black Chernozem). Two four-year rotations fiom 

the study were examined: a wheat (cv. Katepwa)-pea (cv. Grande)-wheat-flax (cv. AC 

McDuff) rotation (W-P- W-Fx) and a wheat-alfalfa (cv. OAC Minto)-alfalfa-flax rotation (W- 

A-A-Fx)- Each rotation contained four crop-input treatments, consistingof a factorid of two 

fertilization (fertilizer applied according to soi1 test recomrnendations, no fertilizer applied) 

and bvo pest control schemes (pesticides applied as required, no pesticides applied). The 

treatments were arranged in a randomized complete block design in a factorial arrangement 

with one rotational phase present every year in each of three replicates. Plot size was 75 m 

x 90 m. Eight years of  data, fiom 1992 through 1999, were analyzed in this study. 

Phosphorous fertilizer was applied to fertilized treatments as mono-ammonium 

phosphate with the seed at 24 kg P,O, ha-' to 57 kg P20, ha-'. The phosphorous fertilizer was 

applied with the seed, except in the case of established alfalfa, where a broadcast application 



was used. Nitrogen fertiiizer was applied to fertilized treatments as ammonium nitrate at 18 

kg N ha-' to 75 kg N ha-'. The nitrogen ferrilizer was broadcast applied to the crops. Weed 

control in treatments that received pesticides was achieved with a variety of pesticides and 

tillage, and tillage only in treatments that did not receive pesticides. Al1 field operations 

were perfonned with smalî commercial farm equiprnent. 

AU crops were seeded in late April to late May using a disc drill seeder. Crops were 

seeded into a prepared seedbed, which had been cultivated the day of seeding, or a few days 

beforehand. Wheat, pea, flax and alfalfa were seeded at 100 kg ha", 150 kg ha-', 40 kg ha-', 

and 10 kg ha-', respectively. The alfalfa in the W-A-A-Fx rotation was underseeded to wheat 

in the first year of the rotation, and was harvested in the second and third years of the 

rotation. Alfalfa temination was accomplished by spraying 3 L glyphosate ha? and 1 L 2,4- 

D ha-' to the forage, and then cultivated twice. Grain yields of wheat, pea and flax were 

determined each year by harvesting each plot with a small combine. Alfalfa dry matter 

production was determined each year by cutting three 1 m2 sarnples out of each plot, and then 

oven-drying and weighing the sarnples. 

3.3.2 Statistical analysis of rotational energy use efficiency 

Data collected fiom each of the aforementioned sites included levels of al1 crop 

inputs, such as seed (including inoculants), fuel, machinery, fertilizers, and pesticides, al1 

field operations (Le. seeding, tillage, water hauhg, spraying, harvesting, tmck transport of 

seed and harvested grain between the fann and elevator, etc.), and crop yields fiom each 

treatrnent. This information was then converted to energy values (MJ ha-') using energy 

coefficients assigned for each crop input, field operation, and crop harvested (Nagy, 1999); 



a record of the field operation data is located in appendix Tables A-1 to A-38. Rotational 

energy use was calculated by adding the energy coefficients of ail the field operations and 

crop inputs. Rotational energy production was calculated using energycoefficients assigned 

to the different crops through laboratory bomb calorimeter tests (Nagy, 1999). An average 

f m  size of 729 hectares (1 800 acres) was assumed in caIculating the coefficients. This was 

done so that equipment size assumed for each site wouId be equal, ensuring consistency in 

energy calculations between the different rotations. An energy efficiency rating was then 

calculated for each cycle of a crop rotation. This was accomplished by dividing total energy 

production of the rotation (in terms of feed energy embodied in the harvested grain and 

forage as calculated through laboratory bomb calorimeter tests) by total energy use in a crop 

rotation (in terms of inputs and field operations)- 

Energy use and energy efficiency values within each location were analyzed using 

analysis of variance (SAS Institute, Inc., 1985), where variation withïn a rotation occurred. 

In rotations where no variation existed in input levels or field operations between replicates 

of identical treatments in a rotation, an analysis of variance was not perfonned for energy 

use. Wheat yields fiom ail sites, as well as flax, pea, and alfalfa yields from the Glenlea site, 

were also analyzed using analysis of variance- Where a significant F value was observed for 

energy use, energy efficiency, and crop yields arnong the different rotations at each site, 

Tukey's w Procedure Least Significant Difference test (LSD) was used to measure 

significance of the differences (Steel et al. 1997)- 

3.3.3 Economic analysis 

A simple economic analysis was performed on the cornbined crop input and grain 



Table 3-1 Crop prices used in economic analysis (in 1996 dollars) 

Crop Output Pnce ($ tome-') 

- Alberta - - Saskatchewan - - Manitoba - 

wheat 2 16-54 2 16.54 2 16-54 

bromegrass - 63 -00 - 

Pea 

flax 

yield data for al1 of  the aforementioned locations and rotations- Grain pnces (Table 3-1) 

and crop input cost were based on 1996 data (Nagy, 1999). Zn order to calculate total 

rotational economic cost, the crop input data used for the energy analysis was converted to 

economic values ($ ha-') using econornic coefficients assigned for each crop input and field 

operation (Nagy, 1999). Net econornic r e m  (fi ha-') was calculated by subtracting the total 

cost of the rotation fiom the gross econornic retum of the grain and forage crops hanrested 

within a rotation during one crop rotation cycle- An economic analysis was also conducted 

where the price of nitrogen fertilizers was doubled, but pnces of  all other inputs remahed 

the sarne, 

3.4 RESULTS 

3.4.1 Green Manure Legume Experiments 

3.4.1.1 Lethbridge, AB 

3.4.1 .1.1 Energy Use There was an approximately three-fold difference in non-renewable 



energy consurnption between the rotations that used the highest and lowest amounts of 

energy at Lethbndge, AB between 1989 and 1994 (Table 3-2)- The GM-W-W (-N) and F- 

W-W (4) rotations consurned the least arnount of energy of the four rotations. Slightly 

higher energy use in the GM-W-W (-N) rotation was amibuted to the energy required for 

seed production embodied in the Ientil seed, as well as the £bel and machinery energy 

required to seed and terminate the green manure crop. In the F-W-W (4) rotation, between 

1 and 5 tillage operations were used to cootrol weeds compared with between 1 and 4 tiliage 

operations for green manure incorporation in the GM-W-W rotation (Appendix Tables A-2 

throu& A-5 )- 

The GM-W-W (-N) and F-W-W(-N) rotations used l e s ~  than half the energy of the 

fertilized fallow-wheat-wheat (F-W-W) rotation. The difference in energy use was 

accounted for by the presence of nitrogen fertîlizer in the F-W-W rotation, as the remainder 

of the crop inputs and field operations remained unchanged between the rotations. 

nie fertilized continuous wheat consumed the largest amount of non-renewable 

energy of al1 the rotations examined at Lethbridge (Table 3-2)- This rotation used nearly 

three times as rnuch energy as the GM-W-W (-N) and F-W-W (-N) rotations. Higher energy 

use was due to use of nitrogen fertilizer, as well as increases in crop inputs and the number 

of field operations carried out. Nitrogen fertilizer accounted for 68% ofthe energyconsumed 

by the continuous wheat rotation, while the GM-W-W (-N) and F-W-W (-N) rotations used 

only 17% and 11% of the fertiiizer energy used by the continuous wheat rotation, 

respectively. The continuous wheat rotation had greater fuel and machinery energy 

expenditures than the other rotations due to an extra year of crop production per rotation 



Table 3-2 Energy use of crop rotations per rotation cycle at Lethbridge, AB (1989- 
1994) 

Input F-W-W (-N)' Cont. W F-W-W GM-W-W (-N) 

seed 970 1450 970 1120 

machinery 940 1150 990 800 

pesticides 2210 2160 2090 1720 

Total 10640 30260 22290 1 O680 

' F = fallow; W = wheat; GM = green manure; -N = no nitrogen fertilizer applied to crops 

cycle compared to the other systems. The F-W-W (-N) rotation used 87% of the seed, fuel, 

machinery, and herbicide energy that the continuous wheat rotation did, while the GM-W-W 

(-N) rotation used 76% of the seed, fiel, machinery, and herbicide energy that the continuous 

wheat rotation did . 

The continuous wheat rotation also used approxirnately one-third more non- 

renewable energy than did the F-W-W rotation. This was attributed to the extra year of grain 

cropping per rotation cycle in the continuous wheat rotation, which resulted in an increased 

number of field operations and increased levels of crop inputs, especially nitrogen fertilizer. 

3.4.1.1.2 Crop Yields and Energy Production in Harvested Grain Wh-le average annual 

wheat production between the rotations did not differ signincantly(Tab1e 3-3) at Lethbridge, 

there were substantial differences in average rotational energy production (Table 3-4). For 



Table 3-3 Average annual wheat yields at Lethbridge, AB (1989-1994) 

Rotation Wheat yield 

GM-W-W (-N)" 

- kg ha' - 

2200 

F-W-W (-N) 2000 

F-W-W 2500 

cont. W 2000 

S i p i  ficance (Pr>F) 

Rotation 0,1232Y NS" 

' F = faIIow; W = wheat; GM = green manure; -N = no nitrogen fertilizer applied to crops 
The df for effect of rotation is 3 
' NS = not significant at the 0.05 level 

TabIe 3-4 Energy production in harvested grain o f  crop rotations per rotation cycle at 
Lethbridge, AB (1989-1994) 

- - 

Rotation Energy production 

GM-W-W (-Id)' 

F-W-W (-N) 

F-W-W 

Cont- W 

- MJ ha" - 

83000 

79000 

97000 

120000 

" F = fallow; W = wheat; GM = green manure; -N = no nitrogen fertilizer applied to crops 



example, the continuous wheat rotation produced approximately 40% more energy than the 

average energy production of the other three rotations- This was attributed to the fact that 

the continuous wheat rotation had three years of grain production per crop rotation cycle, as 

opposed to two years of grain production per cycle in the green manure rotation or either of 

the fallow-containing rotations* 

3.4.1.1.3 Energy Use ErZieiency There were substantid differences in rotational energyuse 

efficiency between a number of the Lethbridge rotations. One the basis of energy eficiency, 

the Lethbridge rotations fell into two grououps which were statistically different at p~0 .05  

(Table 3-5)- The first group contained the GM-W-W (-N) and F-W-W (-N) rotations, which 

did not use nitrogen fertilizer. The other goup contained the continuous wheat and F-W-W 

rotations, which did include nitrogen fertilizer. In fact, the rotations that did not use nitrogen 

fertilizer were nearly twice as  energy-efficient as rotations where nitrogen fertilizerwas used. 

No apparent differences in energy use efficiency were observed between the two 

rotations that did not use nitrogen fertilizer, F-W-W (-N) and GM-W-W. This was due to 

similar levels of energyproduction and consumption between the two rotations. W l e  there 

was sirnilarity in energy use efficiency values behveen these two rotations, nitrogen and 

organic matter are being added to the soi1 by the green manure legume crop. A number of 

studies examining the role of legumes as green manures in Canadian Prairie dryland 

conditions have shown that over 3000 kg ha" of dry matter and upwards of 70 kg N ha-' 

could be supplied by a legume crop grown as a green manure (Biederbeck et al. 1993; 1996). 

This results in additional benefits being realized in the GM-W-W (-N) rotation, with no 

apparent decrease in energy use efficiency. 



Table 3-5 Energy use efficiency of crop rotations at Lethbridge, AB (1 989-lg94) 

Rotation Energy efficiency 

- output energy input energy -' - 
GM-W-W (-N)" 8-0 aY 

F-W-W (-N) 7-6 a 

F-W-W 4.4 b 

Cont-W 4-1 b 

LSD 0-728 

Significance (Pr>F) 

Rotation 0-0234' *" 

' F = failow; W = wheat; GM = green manure; -N = no nitrogen fertilizer applied to crops 
Means followed by the same letter are not signïficantly different 

" The df for effect of rotation is 3 
" *=  significant at the 0.05 level 

When comparing the two rotations that did contain nitrogen fertilizer, the continuous 

wheat and F-W-W rotations, there was also no apparent difference in energy use efficiency. 

While the continuous wheat rotation consurned more energy than the F-W-W rotation, the 

continuous wheat rotation had one more year of grain production per crop rotation cycle. 

The increase in energy production balanced out the increase in energy use in the continuous 

wheat rotation, resulting in a similar energy efficiency value as the F-W-W rotation. 

3.4.1.2 Swift Current, SK 

3.4.1.2.1 Energy Use There was an approximately 35% difference in non-renewable energy 

consumption between the highest and lowest energy-consuming rotations at Swift Current, 



Table 3-6 Energy use of crop rotations per rotation cycle at Swift Current, SK (1987- 
1995) 

Input F-W-W GM-W-W Cont, W 
- -  - - 

- MJ ha-' - - MJ ha-': - - MJ ha-' - 

seed 860 1000 1300 

rnachinery 620 600 690 

fiiel 2960 2840 3080 

pesticides 1400 1 LOO 1420 

fertilizers 5650 6080 9190 

Total 1 1490 1 1620 15680 

" F = fallow; W = wheat; GM = green manure 

SK hetween 1987 and 1995 (Table 3-6). The faliow-wheat-wheat (F-W-W) and green 

manure-wheat-wheat (GM-W-W) rotations consumed the least amounts of energy of the 

three rotations. While they did not differ significantly in terms of energy consumption, the 

F-W-W rotation used slightly less energy than the GM-W-W rotation, due to the added 

energy associated wi-th legume seed production, and the operational energy required to seed 

and terminate the legume stand in the green manure year of the rotation, The fallow year 

of the F-W-W rotation required oniy the energy used to control weeds. 

The continuous wheat rotation consumed the largest arnount ofnon-renewable energy 

of any of the Swift Current rotations examined here. This rotation used approximately35% 

more energy than did the GM-W-W and F-W-W rotations, This increase in energy 

consumption was attnbuted to the extra year of grain production. 



3.4.1.2.2 Crop Yields and Energy Production in Hamesteci Grain Similar to trends for 

the Lethbndge trial, there were no significant differences in average annual wheat production 

between the three rotations at Swift Current (Table 3-7). Therefore, it would appear that 

nitrogen was sufficient in al1 cases, though it may have derived from different sources: 

indigenous soi1 nitrogen for the F-W-W rotation, legume nitrosen for the GM-W-W rotation, 

and inorganic fertilizer nitrogen for the continuous wheat rotation. However, there were 

differences in average rotationai energy production (Table 3-8)- The continuous wheat 

rotation produced approximately 40% more energy than the average rotation production of 

the F-W-W and GM-W-W rotations- This was attributed to the extra year of grain 

Table 3-7 Average annuat wheat yields at Swift Current, SK (1 987-1 995) 

Rotation Wheat yield 
- - -- - -. - - - - - - 

- kg ha-L - 

GM-W-W 1800 

F-W-W 1900 

Cont-W 1800 

C.V, 42.6 

S ignïficance (Pr>F) 

Rotation 

' F = fallow; W = wheat; GM = green manure 
The df for effect ofrotation is 2 

" NS = not significant at the 0.05 tevel 



Table 3-8 Energy production of crop rotations per rotation cycle at Swift Current, SK 
(1987-1995) 

Rotation Energy production 

- kg ha-' - 

GM-W-W 68000 

F-W-W 

' F = fallow; W = wheat; GM = green manure 

production in the continuous wheat rotation, 

3.4.1.2.3 Energy Use Efficiency There were no significant differences in rotational 

energy use efficiency between the three Swift Current rotations (Table 3-9). When 

comparing the GM-W-W and F-W-W rotations, the lack ofasigniticant difference in energy 

use efficiency was due to the fact that there were no significant differences in either 

rotational energy use or grain production. 

When comparing the continuous wheat rotation to the F-W-W and GM-W-W 

rotations, the lack of signihcant differences in rotational energy use efficiencies is due to 

another reasoo. The continuous wheat rotation produced more energy, due to one more year 

of grain cropping per three-year rotation cycle than the other two rotations. However, this 

extra year of grain production also used more energy than did a year of fallow or green 

manure. In the continuous wheat rotation at Swift Current, the increase in energyproduction 

was offset by the increase in energy use, which resulted in a similar rotational energy use 

efficiency to the F-W-W and GM-W-W rotations. 



Table 3-9 Energy use efficiency of crop rotations at Swift Current, SK (l98?-1995) 

Rotation Energy efficiency 

GM-w-w 

F-W-W 

Cont- W 

C-v. 

- output energy input energy -' - 

5.9 

6.5 

6.3 

13 -3 
-- - 

Sgnificance ( P ~ F )  

Rotation 0-45 1 " NS" 

' F = fallow; W = wheat; GM = green manwe 
Means followed by the same letter are not significantly different 

" The df for effect of rotation is 2 
" NS = not significant at the 0.05 level 

3.4.1.3 Results Summary of Green Manure Legume Experirnents 

At both Lethbridge, A B  and Swift Current, SK, energy expended in the continuous 

wheat rotations was higher than in the rotations containhg a yearof fallow or green rnanure- 

This was due to decreased energy requirements to maintain land in fallow, which requires 

energy inputs only in tenns of tillage a d o r  herbicides for weed control, or green manure, 

which requires energy inputs oniy in terrns of seeding a leapne and tillage and/or herbicides 

for weed control andor legume termination. By way of cornparison, production of a wheat 

crop requires energy inputs in terms of tillage and/or herbicides for weed control, and for 

field operations such as seeding, fertilizer, harvest, and hauling of grain, In a previous study 

by Zentner et al. (1989), it was found that a fallow-wheat-wheat (F-W-W) rotation consumed 

58 



approximately one-third less energy than did a continuous wheat rotation. 

Energy consumption in the rotations with similar fertilizer treatments containing 

green manure was slightly higher than in the rotations containing fallow at both sites. This 

was due to the added energy costs of producing a green rnanure, which includes the 

production energy embodied in the legume seed, the act of seeding, and tillage &/or 

herbicides to termihate the stand. By way of cornparison, the fallow phase requires only the 

energy needed to control weeds through herbicide andlor tillage. This corresponds to 

previous work conducted on the Prairies. Rice and Biederbeck (1983) found that a green 

manure-wheat-fallow-wheat rotation used slightly more energy than a fallow-wheat-fallow- 

wheat rotation in the Brown soil zone, ifwheat crops in each rotation were fertilized with the 

same rate of nitrogen, 

Similarrotations at Lethbridge consumed more energy than at Swift Current, and al1 

facets of energy consurnption in the fertilized F-W-W and continuous wheat rotations were 

greater at Lethbridge, However, the majonty of the differences were accounted for with 

regard to fertilizers, as energy related to fertilizers accounted for 49% to 68% of total 

rotational eneray use at each site- However, at Lethbridge, energy expenditures related to 

fertilizers was more than twice as great than at Swift Curent, A previous study by R i e  and 

Biederbeck (1983) compared similar crop rotations with two years of cereai cropping. The 

rotations were located in the Brown and Dark Brown soil zones, where Swift Current and 

Lethbridge are located, respectively- The authors found that the rotation in the Dark Brown 

soi1 zone had energy expenditures for fertilizer that were almost three times higher that the 

rotation in the Brown soil zone. The annual moisture deficit, which is 395 mm at Swift 



Current compared to 268 mm at Lethbridge (Campbell et ai- 1990), Ieads to an increased risk 

of drought and of crop failure at Swïft Current, In addition, the use of nitrogen fertilizers in 

dn-er climates is rïsky due to uncertain weather conditions (Biederbeck et al. 1996). Talong 

these factors into consideration, producers in drïer areas generally decrease the amount of 

inputs for crop production, in order to limit financial risks- 

Average annual wheat yïelds were higher at Lethbridge than at Swift Current for al1 

crop rotations. The lower moisture deficit at Lethbridge results in more water available for 

crop growth (127 mm more water available at Lethbridge), which led to higher wheat yields- 

The higher wheat yîelds at Lethbridge also resulted in correspondhg increases in energy 

production, compared to the Swift Current rotations- 

Energy efficiency tended to be higher at Swift Current than at Lethbridge- The 

continuous wheat and fdlow-wheat-wheat rotations at Swift Current had energyefficiencies 

that were approximately 47% and 55% higher than at Lethbridge, respectively- However, 

the green manure-wheat-wheat rotation at Lethbridge was 34% more energy efficient- The 

major contributing factor to higher levels of energy efficiency for the continuous wheat and 

F-W-W rotations at Swift Current related to levels of energy consurnption by the rotations 

at the two sites. While energy production levels for the continuous wheat and F-W-W 

rotations at Lethbridge were 2 1% and 30% higher, respectively, than at Swift Current, energy 

consurnption levels for these rotations were approximately twice those at Swift Current, 

resulting in lower energy efficiencies at Lethbridge. On the other band, energy production 

for the GM-W-W rotation at Lethbridge was greater, while energy consurnption was lower 

than at Swift Current, resulting in a higher energy efficiency rating. 



3.4.2 ferennial Forage Legume Experiments 

3.4.2.1 Indian Head, S K  

3.4.2.1.1 Energy Use There was a greater than six-fold difference in non-renewable energy 

consumption betweenthe highest and lowest energy-consumingrotations at Indian Head, SK 

between 1993 and 1998, The fertilized continuous wheat rotation used nearly four tïmes as 

much energy as did the urifertilized continuous wheat rotation (-0 (Table 3-10)- The 

difference in energy consumption was due almost entirely to the non-renewable energy 

embodied in the nitrogen fertilizer, with the remainder accounted for by the energy required 

to apply the fertilizer- 

The perennial rotation used the least non-renewable energyof any of the Indian Head 

rotations examined here, using only approximately 60% of the non-renewable energy 

consumed by continuous wheat (4) rotation over the six-year cycle- As both rotations did 

not use nitrogen fertilizer, this difference was attributed to differing levels ofother inputs and 

increased numbers of field operations. The continuous wheat (-0 rotation had six years of 

grain crop production, whereas the perennial rotation only had hvo years ofgain production- 

The other four years of the rotation were comprised of fallow or forage crops, both of which 

require much lower levels of crop inputs and field operations than a grain crop, 

The perennial rotation used only 15% of the energy required by the continuous wheat 

rotation over the six-year cycle. A portion of the difference in energy consumption was 

accounted for by field operations and crop inputs other than nitrogen fertilizer, as was 

discussed in the previous paragaph. However, the majority of the difference in non- 

renewable energy consumption between the hvo rotations was accounted for by the use of 
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Table 3-10 Energy use o f  crop rotations at Indian Head, SK (1993-1998) 

Input cont- W (-f)z Cont. W F-W-W-H-H-H (-0 

- MJ ha-' - - MJ ha? - - MJ ha-' - 

seed 5910 5910 2020 

mac hinery 810 1430 830 

fuel 3210 5920 3260 

pesticides 4760 4960 2590 

Six-year total 14690 56660 8700 
Annual average 2448 9443 1450 

' Cont. W = continuous wheat; -f = no fertilizers applied to crops; F = Fallow; H = alfdfa 
or alfalfa~bromegrass mixture 

nitrogen fertilizer in the continuous wheat rotation, as nitrogen fertilizer use by the 

continuous wheat rotation was more that 4 times greater than the total energy consumption 

of the perennial rotation. 

3.4.2.1.2 Crop Yields and Energy Production in Harvested Grain There were signïficant 

differences in average annual wheat yields between the three rotations at Indian Head (Table 

3-1 1). The continuous wheat (-0 rotation produced the lowest wheat yields, at 

approximately 700 kg ha-'. The perennial rotation averaged annual wheat yields of 1400 kg 

ha-', or an increase of 104% over the continuous wheat (4) rotation. The continuous wheat 

rotation produced average wheat yields of 2200 kg ha-', or an increase of 2 14% over the 

continuous wheat (-0 rotation and 57% over the perennial rotation. Wheat yields in the 

continuous wheat rotation were greater than those in the peremial rotation likely because of 



Table 3-1 1 Average annual wheat yields at Indian Head, SK (1993-1998) 

Rotation Crop yield 
- 

- kg ha-' - 

F-W-W-H-H-H (-f)' 1400 bY 

C0nt.W (-0 700 c 

Cont, W 2200 a 

LSD 3 16.8 

Signîficance (Pr>F) 

Rotation 0.0001" 

' Cont. W = continuous wheat; -f = no fertilizers applied to crops; F = fallow; = alfalfa 
or alfalfa/bromegrass mixture 
Y Means followed by the same letter are not significantly different 
' The df for effect ofrotation is 2 
" ** = signïficant at the 0.0 1 level 

the addition of nitrogen fertilizer that occurred every year in the continuous wheat rotation 

would b e  greater than the nitrogen added to the soil Erom the alfalfa d e r  a 3-year 

alfalfa/bromegrass stand, which would have been used by two subsequent wheat crops- In 

addition, the wheat crops in the perennial rotation received no phosphorous, potassium, or 

sulphur fertilizers, while the wheat crops in the fertilized continuous wheat rotation did. 

Wheat yields in the F-W-W-H-H-H (-0 rotation were greater than those in the continuous 

wheat (-f) rotation iikely because of the nitrogen that was added to the system by the alfalfa 

in the perennial rotation, whereas the continuous wheat (-0 was relying solelyon the nitrogen 

mineralized from the soil organic matter during the year of fallow for two years of wheat 



cropping. Other rotational yield enhanchg benefits of the forage crop (Forster, 1999) would 

also have played a role. 

Average rotational energy production (Table 3-12) also differed between the 

rotations. The continuous wheat rotation prodiiced just over hvo times more energy than did 

the continuous wheat (4) rotation, which corresponds directly to the difference in wheat 

yields between the two rotations. The continuous wheat rotation produced 48% more energy 

than the perennial rotation- The proportional difference between these two rotations for 

rotational energy production was less than it was for annual average wheat production. This 

was due to only two years of wheat production present in the perennial rotation and three 

years of forage production. With forages, all the aboveground biomass is harvested, as 

compared to grain production, where only the grain is harvested- Hence, more energy is 

harvested on a per hectare basis in the forage-containing rotation- 

Table 3-12 Energy production of crop rotations at indian Head, SK (1993-1998) 

Rotation Energ production 

Six-year total Annual average 
- MJ ha-' - - MJ ha-' - 

F-W-W-H-R-H (-f)Z 177600 29600 

Cont. W (-f) 80000 13330 

Cont. W 263500 43920 

' Cont. W = continuous wheat; -f = no fertilizers applied to crops; F = fallow; H = alfalfa 
or alfdfahromegrass mixture 



3.4.2.1.3 Energy Use Effnciency There was no sïgnificant difference in energy use 

efficiency between the continuous wheat and continuous wheat (-9 rotations at Indian Head 

(Table 3-13). This was due to the fact that the increase in energy production by the 

continuous wheat rotation was offset by a corresponding increase in energy consumption. 

When comparing the two continuous wheat rotations with the perennial rotation, 

there was a large significant difference in energy use efficiency. The perennia1 rotation had 

an energy efficiency rating that was between 374% and 438% greater than either of the 

continuous wheat rotations. This was because the perennial rotation produced approximately 

Table 3-13 Energy use efficiency of crop rotations at Indian Head, SK (1993-1998) 
- - -- - pp 

Rotation Energy efficiency 

F-W-W-H-H-H (-f)" 

C0nt.W (-f) 

Cont. W 

LSD 

- O utput energy input energy -' - 
20.4 ay 

5.4 b 

4-7 b 

3 -6 

Significance (Pr>F) 

Rotation 

' Cont. W = continuous wheat; -f = no fertilizen applied to crops; F = fallow; H = alfalfa 
or alfalfa/bromegrass mixture 
Y Means followed by the same letter are not significantly different 
" The df for effect of rotation is 1 
" ** = significant at the 0.01 level 



two times as much energy and used only 60% as much energy as the continuous wheat (-9 

rotation. In cornparison to the continuous wheat rotation, the perennial rotation produced 

approximately two-thirds of  the energy but used approximately only 15% as much energy as 

the continuous wheat rotation, resulting in a much higher energy use efficiency. 

3.4.2.2 Glenlea, MB 

3.4.2.2-1 Energy Use There was an approximate 3 -5-fold difference in non-renewable 

energy consumption between the highest and lowest energy-consumingrotations at Glenlea, 

MI3 between 1992 and 1999 (Tables 3-14 and 3-15). When cornparhg the sarne fertilizer 

and pesticide treatments between rotations, the wheat-pea-wheat-flax (W-P-W-Fx) rotation 

used between 26% and 49% more energy than the wheat-alfalfa-alfalfa-flax (W-A-A-Fx) 

rotation. This difference was due to the fact that the second and third crops of the W-P-W- 

Fx rotation, peas and wheat, are produced as grain crops, while the middle two years of the 

W-A-A-Fx rotation consist of a two-year alfalfa stand. Grain crops require more substantial 

arnounts O Fenergy to produce than a forage crop. 

When comparing different fertilizer treatments wïthin rotations, the rotation 

treatments that received nitrogen fertilizer consumed approximately between 2 and 2.5 

times as much non-renewable energy as those rotation treatments not receiving Ntrogen 

fertilizer- When comparing different pesticide treatments within rotations, the rotation 

treatments that received pesticides consumed approximately between 7% and 29% more non- 

renewable energy than those rotation treatments not receiving pesticides. 

3.4.2.2.2 Crop Yields and Energy Production in Harvested Grain There were no 

significant effects of fertilizer, pesticide, rotation and their interactions. However, there was 



Table 3-14 Energy use of the wheat-pea-wheat-flax rotation at Glenlea, MB (1992- 
1999) 

Input f f+pz +f-p 

- MJ ha-' - - MJ ha-' - - MJ ha-' - -MJ ha-' - 

seed 2500 2500 2500 2500 

machinery 1 LOO 1050 990 960 

£Üel 5440 6200 4740 5370 

pesticides 3150 O 3 150 O 

fertilizers 12690 12750 O O 

Four-year to ta1 24880 22500 11380 8830 
Annual average 6220 5625 2845 2208 

" f = fertilizers; p = pesticides 

Table 3-15 Energy use of the wheat-alfalfa-alfalfa-fiax rotation at Glenlea, M .  (1992- 
1999) 

- -- -- - 

Input f f+pZ + f-p -f+p 4-p 

- MJ ha-' - - MJ h à '  - - MJ ha-' - - MJ ha-' - 

seed 1350 1350 1350 1350 

machinery 910 900 860 870 

fuel 4780 5150 4320 4750 

pesticides 1510 O 1SiO O 

fertilizers 8120 8 L20 O O 

Four-year to ta1 1 6670 15520 8040 6970 
Annual average 4168 3880 2010 1743 

' f = fertilizers; p = pesticides 



a substantial amount ofvariation in average annual wheat yields in 1996 foliowing a previous 

crop of flax among the four fertilizerfpesticide treatments at Gleniea (Table 3- 16) within each 

of the rotations. There were no signincant differences in wheat yields when cornparhg 

similar treatrnents between the two rotations, however, large differences between the two 

rotations were evident. The large value for the least signifïcant difference was Iikely due to 

a degree of expenmental error, due to the large arnount of variation during the one year that 

data was availab le. The +f+p and +f-p treatments in each of the rotations had significantly 

higher annual average wheat yields than the -f-p treatments, but not the -£+p treatments. 

There was little statistical variation in flax yields between the two rotations and 

arnong the four fertilizedpesticide treatments, but large differences were evident, as the 

LSD was approximately 40% of the tiighest average annual flax yield (Table 3-17)- 

There were no significant differences within the W-A-A-Fx rotation, while the +f-p and 

-f-p treatrnents in the W-P-W-Fx rotation produced significantly lower flax yields than 

the +f+p and +f-p treatments. There were no significant differences in flax yields when 

companng the sarne fertilizedpesticide treatrnents behveen the rotations, There was a 

significant difference in flax yields between the +f+p and +f-p treatments in the W-P-W- 

Fx rotation- Flax is considered a relatively uncornpetitive crop with weeds (Manitoba 

Agriculture, 1998) so it is likely that weeds took advantage of the combination of 

available fertilizer nitrogen and lack of herbicides, and caused significant yield loss to the 

flax. This was not the case in the W-A-A-Fx rotation- Alfalfa is known to be an effective 

competitor against weeds (Ominski et al. 1999), so it is likely that weed populations were 

suppressed somewhat in the flax where alfalfa was grown the previous two years- Table 



3-16 Average annual wheat yields (after flax) at Glenlea, MB (1996) 

Rotation Treatment Wheat yield 

f-p- 
f-p+ 
f+p- 
f+pt 

1100 e)' 
1500 de 
2300 bcd 
3300 ab 

2000 cde 
2500 abcd 
2900 ab 
3500 a 

LSD 1 127.2 

Significance (Pr>F) 

Rotation (R) 

Fertilizer (F) 

0.1 147" NS" 

Pesticides (P) 

' W = wheat; P = pea; Fx = flax; A = alfalfa; f = fertilizers; p = pesticides 
Y Means followed by the same letter are not significantly different 

The df for effects o f  R, F, R*F, P, R*P, F*P, and R*F*P are 1,  1, 1, 1, 1 ,  1, and 1, 
respectively 
"NS = not significant at the 0.05 level 



Table 3- 1 7 Average annual flax yields at Glenlea, MB (1 992-1949) 

Rotation Treatment Flax yield 

LSD 672-3 

Rotation (R) 0.2322" NS' 

Fertilizer (F) 0,1281 NS 

Pesticides (P) 0,0243 * 

' W = wheat; P = pea; Fx = flax; A = alfalfa; f = fertilizers; p = pesticides 
Y Means followed by the same letter are not signi ficantly different 
" The d f  for effect ofR, F, R*F, P, R*P, FXP, and R*F*P is 1,1,1,1,1,1,  and 1, respectiveiy 
"NS  = not significant at the 0.05 level; * = significant at the 0.05 level 



No significant differences in pea yields (Table 3-18) existed within the W-P-W-Fx 

rotation when comparing fertiIIzer/pesticide treatments, although large differences were 

evident The C.V. for the pea yields was quite high, lndicating a high degree of variation, 

likely due to high levels O fexperimental error, as the pea crop in 1993 was adversely affected 

by localized flooding. The lowest average annual pea yield, achieved in the +f-p treatment, 

was less than 30% of the highest average annual pea yield, achieved in the -f+p treatment 

When comp aring alfa1 fa yields be tween fertilizedpesticide treatments in the W-A-A-Fx 

rotation, there were also no significant differences (Table 3-19)- Unlike what was observed 

Table 3- 1 8 Average annual pea yields at Glenlea, MB (1 992-1 999) 

Rotation Treatment Pea yield 

Significance (Pd?) 

Fertilizer (F) 

Pesticides (P) 

F*P 

0-1 O8 1' NS" 

0.0828 NS 

0.5000 NS 

' W = wheat; P = pea; Fx = flax; f = fertiiizers; p = pesticides 
The df for effect of F, P, and F*P is 1, 1, and 1, respectively 

" NS = not significant at the 0-05 level 



with the pea yields, the lowest average annual aifdfa yield, achieved with the treatrnent that 

received no fertilizers or pesticides, was only approximately 10% lower than the highest 

average annual alfalfa yield, which was achieved with fertïlizers and pesticides. 

While significant dinerences for average annual wheat yields were lhi ted to ody 

certain treatment/rotation combinations, large differences for average ro tational energy 

production were observed (Table 3-20). Within the W-P-W-Fx rotation, rotational energy 

Table 3- 19 Average annual alfalfa yields at Glenlea, MB (2 992-1999) 

Rotation Treatment Aifâlfa yietd 

W-A-A-FX 

C.V. 

Sipificance (Pr>F) 

Fertilizer (F) 

Pesticides (P) 

F*P 

0.33 14Y NS" 

0.1526 NS 

0.5000 NS 

' W = wheat; A = alfalfa; Fx = flax; f = fertilizers; p = pesticides 
Y The df for effect of F, P, and F*P is 1, 1, and 1, respectively 
" NS = not signïficant at the 0.05 level 



Table 3-20 Energy production of crop rotations at Gledea, Ml3 (1992-1999) 

Rotation Trea tment Energy production 

f-p- 
f-p+ 
f+p- 
f+p+ 

Four-year total 
- MJ ha? - 

Annual average 
- MJ h à L  - 

' W = wheat; P = pea; Fx = flax; A = alfaKa; f = fertilizers; p = pesticides 

production varied by almost SO%, while rotation energy production in the W-A-A-Fx 

rotation varied by approximately 17%. Generally, the level of rotational energy output 

decreased with decreasing input level- Rotation-treaûnent combinations in the W-A-A-Fx 

treatments had levels of rotational energy production that were approxirnately 84% to L34% 

geater than those rotation-treatment combinations in the W-P-W-Fx rotation. This increase 

in energy production was due to the presence of  a forage crop during the second and third 

years of the W-A-A-Fx rotation, as opposed to grain crops being harvested in the W-P-W-Fx 

rotation. With forage crops, al1 of the aboveground biomass is harvested, as compared to 

grain crop production, where onlythe grain is harvested. The result is higher levels of energy 

being produced on an area basis by the forages- 

Variation in energy production within treatments at Glenlea was less in the perennial 

rotation than in the annual rotation. This was likely due to atwo-year alfalfa stand providing 
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substantially more nitmgen than a pea crop to subsequent non-lepne crops (Beckie and 

Brandt, 1997; Kelner et al. 1997), which helped to offset the lack of nitrogen in the 

unfertilized perennial treatments. Secondty, forage legurnes are effective cornpetitors against 

weeds (Ominski et al. 1999), which visibly lowered weed pressure in the perenniai rotation. 

3.4.2.2.3 Energy Use Eflïciency There were signÏficant differences in energyuse efficiency 

within and between the two rotations at GlenIea (Table 3-2 1). Witbin each rotation, the two 

treatments that were not fertilized were more energy efficient than the two treatments that 

were fertilized. This was primarily due to the substantially higher levels of input energy in 

the fertilized treatments, which more than negated any hcreases in output energy, in terms 

of rotational energy efficiency- These results were sunilar to those at Swift Current. 

The W-A-A-Fx rotation treatments had energy efficiency ratings that were between 

270% and 328% higher than the W-P-W-Fx rotation treatments. This was due to higher 

levels of energy production, largely due to hi& levels of energy produced by the alfalfa, and 

lower levels of input energy in the W-A-A-Fx rotation. 

3.4.2.3 Results Summary of Peren n ial Forage Legume Experiments 

At both Indian Head and Glenlea, the rotations containing peremial forage legurnes 

consumed less non-renewable energy than the continuous cropping rotations, with much of 

the difference attributed to reductions in nitrogen fertilizer use. A number of previous 

studies support these findings. Heichel(1980) cornpared a year of corn silage production to 

a year of alfalfa production, during the year of alfalfa establishment, in southeastem 

Minnesota. The results of his study showed that production of the alfalfa used only 63% of 

the energrequired for corn silage production, and that most of this difference was accounted 



Table 3-21 Energy use efficiency of crop rotations at Gleniea, MB (1992-1999) 

Rotation Treatrnent Energy efficiency 

W-P-W-FX 

W-A-A-FX 

LSD 

f-p- 
f-p+ 
f+p- 
f+p+ 

- output energy input energy -' - 

Significance (Pr>F) 

Rotation (R) 

Fertilizer (F) 

R*F 

Pesticides (P) 

R*P 

F*P 

R*F*P 

' W = wheat; P = pea; Fx = flax; A = alfalfa; f = fertilizers; p = pesticides 
Y Means followed by the same letter are not significantly différent 
" The d f  for effects of R, F, R*F, P, R*P, F*P, and R*F*P are 1, 1 ,  1, 1, 1, 1, and 1, 
respectively 
" NS = not significant; * = significant at the 0.05 level; ** = significant at the 0.0 1 level 



for by nitrogen fertilizers. A previous study by Spedding and Walsingham (1976) found that 

the energy required for production of alfalfa was approximately one-third of what was 

required in barley production, while ui another study, acom-corn-oats-aifalfa-alfalfarotation 

consumed only 61% of the energy required in a 5-year continuous corn rotation (Heichel, 

1978)- 

Annual energy use in the continuous wheat rotation at Indian Head was greater than 

in the W-P-W-Fx rotation at Glenlea- The majority of this difference was accounted for by 

higher nitrogen fertilizer use at Indian Head- On the other hand, the continuous wheat (-0 

rotation at Indian Head used only 14% less energy on an annual basis than did the W-P-W-Fx 

treatment that received pesticides, but no fertilizers. This indicates that, other than nitrogen 

fertilizer use, energy use between these rotations was quite similar. 

The F-W-W-H-H-H rotation at Indian Head used 72% ofthe energy consumed on an 

annual basis in the W-A-A-Fx treatment that received pesticides, but no fertilizers, as was 

the case with thc F-W-W-H-H-H rotation. Both rotations were in perennial forages for half 

of their cycles. However, the F-W-W-H-H-H rotation contained one year of fallow, which 

requires very few inputs, whereas the W-A-A-Fx rotation did not The W-A-A-Fx rotation 

also used more than twice as much energy allocated to fuel and machinery expenditures as 

the F-W-W-H-H-H rotation. This difference was due to the Indian Head rotations being 

managed under a zero-tillage management system, while the Glenlea rotations were managed 

under a conventional tillage system, as tillage adds extra energy costs, in ternis of equipment, 

repairs, and tùel. As well, herbicide energy costs were higher at Glenlea. 

Differences in average annual wheat yields occurred between the Glenlea and Indian 



Head rotations. In Glenlea, wheat yields for the W-P-W-Fx rotation ranged fiom 1873 kg 

ha-' to 2762 kg ha-', while wheat yields for the W-A-A-Fx rotation ranged from 25 1 1 kg ha-' 

to 3257 kg ha-' . The average annual wheat yields a Indian Head were 2182 kg ha-', 712 kg 

ha-', and 143 1 kg ha-' for the continuous wheat, continuous wheat (-f), and F-W-W-H-H-H, 

respectively. These differences were iikely due to greater moisture levels at Glenlea 

(Environment Canada, 1999), beneficial effects of rotating crops at Glenlea, and the fact that 

the unfertiIized rotations at hdian Head were started 34 years prior to the Glenlea rotations, 

likely resulting in greater soi1 nutrient deficiencies- 

The average annual energy production for the continuous wheat rotation at Indian 

Head was similar to that of the W-P-W-Fx treatrnent at Glenlea that received fertilizers and 

pesticides. On the other hand, the average annual energy production for the continuous 

wheat (-0 rotation at Endian Head was onfy approximatety one-third that of the W-P-W-Fx 

-f+p treatrnent at Glenlea. The W-A-A-Fx rotation produced 79220 MJ ha-' and 72 179 MI 

ha-' annually, for the +f+p and +f-p treatments, respectively. The W-A-A-Px rotation 

produced 74741 MJ ha-' and 67793 MJ ha-' annually, for the -f+p and -€-p treatrnents, 

respectively. At Indian Head, energy production for the F-W-W-H-H-H rotation was 29589 

MI ha-' annually, which is less than half of  the energy that was produced in the W-A-A-Fx 

-f+p treatment- When comparing similar rotations and treatments between Glenlea and 

Indian Head, the fertilized continuous wheat rotation at indian Head produced similar levels 

of energy expenditures to the +f+p W-P-W-Fx rotation at Glenlea. On the other hand, energy 

production for the unfertilized continuous wheat and F-W-W-H-H-K rotations at indian Head 

was less than half that of the -f+p W-P-W-Fx and W-A-A-Fx rotations at Glenlea, 



respectively, 

There were differences in energy efficiency between the rotations at Glenlea and 

Indian Head. The W-P-W-Fx rotation at Glenlea had energy efficiency ratings of 7.064 and 

5.8 6 1 for the +f+p and +f-p treatments, respec tively. These energy efficiency values were 

comparable to that of the fertilized continuous wheat rotation at Indian Head, which was 

4-65. The W-P-W-Fx rotation at Gleniea had energy efficiency ratings of 1 3 -788 and 12.967 

for the -f+p and -f-p treatments, respectively- These energy efficiency values were more than 

2 times greater than those for either the fertilized continuous wheat rotation, or the 

unfertilized continuous wheat rotation at Indian Head, which had an energy efficiency value 

of 5.45. These results also show little additional benefit of adding pesticides, with regards 

to rotational energy efficiency. There were also differences in energy efficiency ratings 

between the perennial forage-containhg rotations at Glenlea and lndian Head- The W-A-A- 

Fx rotation at Glenlea had energy efficiency ratings of 19-752 and 19.21 1 for the +f+p and 

+f-p treatrnents, respectively. The W-A-A-Fx rotation at Glenlea had energy efficiency 

ratings of 37.21 1 and 38.890 for the -f+p and -f-p treatments, respectively- By way of 

cornparison, the dertilized F-W-W-H-H-H rotation at Indian Head had an energy eficiency 

rating of 20.38. 

3.4.3 Economics of Legumes in Rotation 

3.4.3.1 Green Maaure Legumes 

#en examining the data fiom the Lethbridge rotations, the continuous wheat (+N) 

rotation had the greatest net return per year, at $14629 ha-' (Table 3-22). This was due to 

greater gross income, which more than offset an increase in production costs, relative to the 



Table 3-22 Economic performance of crop rotations at Lethbridge, AB on a per-year 
basis (1989-1994) 

Rotation Gross income Costs Net Income 

- $ ha1 yfl- - $ ha-' y-' - - $ ha-' yi' - 

GM-W-W (-N)' 321-71 197.04 124-67 

F- W-W (-N) 294.23 18 1-42 112.81 

F-W-W 360.71 237-35 123 -36 

Cont-W 435-5 1 289.22 146.29 

' F = fallow; W = wheat; GM = green manure; -N = no nitrogen fertilizer applied to crops 

other Lethbridge rotations, Production costs for the continuous wheat rotation were $289-22 

ha-' during the crop production cycle, as opposed to $237.3 5 ha-', $1 8 1 -42 ha-', and $197.04 

ha-' for the F-W-W, GM-W-W (-N), and F-W-W (-N) rotations, respectively. On an annual 

basis, the net returns ofthe F-W-W and GM-W-W (-N) rotations were over $20 ha-' less than 

that of the continuous wheat rotation, and were very similar to each other, varying by less 

than $2 ha-'. The F-W-W rotation had a gross return that was $39 ha-' higher than the GM- 

W-W rotation over the 3-year crop rotation cycle, but this was offset by higher production 

costs. The F-W-W (-N) rotation had the lowest net retuni per crop rotation cycle. This 

rotation had the lowest production costs of any of the Lethbridge rotations. 

At Swift Curent, the continuous wheat rotation also had the greatest net retum per 

year at $198.56 ha-', followed by the F-W-W and the GM-W-W rotations a< $1 19-60 ha-' and 

S 1 10.65 ha-', respectively (Table 3-23). The continuous wheat rotation also had the highest 

production costs at $385.77 ha-', compared to $274.40 ha-' and $262.88 ha-' for the F-W-W 
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Table 3-23 Econornic performance of  crop rotations at Swift Current, SK on a per- 
year basis (1987-1995) 

Rotation Gross Income Costs Net Incorne 

GM-W-W 

F-W-W 

Cont-W 

' F = fallow; W = wheat; GM = green manure 

and GM-W-W rotations, respectively- The net returns of the F-W-W and GM-W-W 

rotations were quite surillar, but were both substantially less than that of the continuous 

wheat rotation- This was due in to higher gross r e m s  in the continuous wheat rotation, 

which more than offset the higher production costs, relative to the other rotations. 

At both Lethbridge and Swift Current, the green rnanure-contaking rotations 

produced a similaramount ofnet income to the fallow rotations and substantialIy less income 

than the continuous wheat treatments, although these differences were less pronounced at 

Lethbridge. The likely reason for this was that the green manure rotation at Lethbridge did 

not receive any nitrogen fertilizers, white the green manure rotation at Sm-fi Current did- 

The addition of nitrogen fertilizer can add substantially to production costs. At 

Lethbridge, the green rnanure rotation had input costs that were over $40 ha-' and $92 ha-' 

less than the fertiiized fallow and continuous wheat rotations, respectively, on an annual 

basis. At Swift Current, by cornparison, the fertilized green manure rotation had input costs 

that were less than $3 ha-' and $35 ha-' lower than the fertilized fallow and continuous wheat 
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rotations, respectively. 

At Lethbridge and Swift Current, the green manure rotations had the lowest or 

second-lowest production costs- These lower costs of production help to decrease financial 

risk to producers. 

3.4.3.2 Perennial Forage Legumes 

At Indian Head, the continuous wheat rotation had the highest annual net return, by 

far, of the three rotations at $261.32 ha-', as compared to $81.85 ha-' and $19.37 ha-' for the 

F-W-W-H-H-H (-0 and continuous wheat (-0 rotations, respectively (Table 3-24). Net 

r e m  for the F-\V-W-H-H-H (-0 rotation was approximately one-third that ofthe continuous 

wheat rotation while the net retum of the continuous wheat (-0 rotation was less than one- 

tenth that of the continuous wheat rotation- The cost of production associated with the 

continuous wheat rotation, $484.92 ha-', was much higher than for the F-W-W-H-H-H (-0 

and continuous wheat (-f) rotations, which were f L 73.3 1 ha-' and S 152.25 ha-', respectively. 

However, the difference in the gross return was high enough that it more than offset the 

higher level ofproduction costs, and so the net return of the F-W-W-H-H-H (-0 rotation was 

over four times higher than that of the continuous wheat (-0 rotation- 

With the rotations at Indian Kead, the continuous wheat rotation was approximately 

three times more profitable than the F-W-W-H-H-H (4) rotation, which was approximately 

four times more profitable than the continuous wheat (-0 rotation- This was largely due to 

the income in these rotations being based largely or totally on wheat production. It was 

discussed in section 3.5.2.2 how the wheat yields of the two unfertilized treatment were 

substantialIy lower than wheat yields in the continuous wheat treatment, due to over 30 years 



Table 3-24 Economic performance of crop rotations at Indian Head, SK on a per-year 
basis (1993- 1998) 

Rot aiion 
- 

Gross Incorne Costs Net incorne 

F-W-W-H-H-H (-f)'l 

Cont. W (4) 

Cont-W 

' Cont. W = continuous wheat; -F = no fertilizers applied to crops; F = fallow; H = alfalfa 
or alfalfa/bromegrass mixture 

of continuous cropping to the same crop, and soi1 nutrient depletion. These lower wheat 

yields translated into lowernet incomes, despite the fact that costs in the F-W-W-H-H-H (-0 

and continiious wheat (-0 rotations were only 4 1 % and S9%, respectively, of what they were 

in the continuous wheat treatment. 

The W-A-A-Fx rotation at Glenlea had higher net returns per crop rotation cycle as 

compared to the W-P-W-Fx rotation, regardiess of fertilizedpesticide treatment (Table 3-25). 

The higher net retums were generally due to higher gross income levels and, more 

importautly, lower costs associated with the perennial forages in rotation. Within each 

rotation, the net return varied much less with fertilizedpesticide treatment than between 

rotations, indicating that crop rotation had more of an effect on economic return than the 

level of crop inputs used. Generally, while gross income decreased with decreasing levels 

of inputs, so too did the associated costs- 

The W-A-A-Fx rotation at Glenlea had annual net incorne levels that were $93.1 7 haA1 



Table 3-25 Economic performance of crop rotations at Glenlea, ME3 (1 992-1999) on a 
per-year basis 

Rotation 
- - - - - 

Treatment Gross Incorne Costs Net Incorne 

W-P-W-FX f-p-" 
f-p + 
f+p- 
f+p+ 

f-p- 
f-p+ 
f+p- 
f+p+ 

' W = wheat; P = pea; Fx = flax; A = alfalfa; f = fertilizers; p = pesticides 

to $120.95 ha-' higher than the W-P-W-Fx rotation, depending on treatrnent- This was due 

to both higher gross income levels and Iower production costs in the W-A-A-Fx rotations. 

Higher gross income levels were largely a result of high alfalfa yields in the W-A-A-Fx 

rotation and lower wheat yields in the W-P-W-Fx rotation- Lower production costs in the 

W-A-A-Fx rotation were largely a result of having two years of alfalfa in the rotation- Other 

than seeding in the yearof establishment, most of the production costs of alfalfa are allocated 

to harvesting, whereas pea and wheat crops norrnally involve numerous spraying operations, 

seeding costs each year, and more tillage operations to prepare the land for the next crop* 

3.4.3.3 Doubling of Nitrogen Fertilizer Costs 

When the price of nitrogen fertilizer was doubled in the economic analysis of the 

rotations in question (Table 3-26), the majonty of the cornparisons between the different 

rotations at a given site remained similar, although a number of changes were observed. At 
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Table 3-26 Economic performance of crop rotations on a per-year basis if nitrogen 
fertïlizer prices double from 1996 pnces 

Location Rotation Gross Income Costs Net Income 

- $ ha-' yr-' - -$h&lyr-'- -$ha-Iyr-'- 

Lethbridge GM-W-W (-N)' 321-71 197.04 124-67 
F-W-W (-N) 294.23 181-42 1 12.8 1 
F-W-W 360-71 29 1-86 68 -85 
Cont-W 435.51 370-99 64.52 

Swift Current GM-W-W 262-88 189-22 73 -66 
F-W-W 274-40 176-34 98-06 
Cont- W 385-77 222-43 163 -34 

Indian Head F-W-W-H-H-H (-f) 173 -3 1 9 1 -46 8 1-85 
Cont-W (4) 152.25 132-88 19.37 
C0nt.W 484.92 286-15 198.77 

Glenlea W-P-W-Fx (-f-p) 342.45 107.3 1 235-14 
W-P-W-Fx (-f+p) 457.47 191.41 266.06 
W-P-W-FX (+f-p) 390, 17 2 10-39 179.78 
W-P-W-FX (+f+p) 509.84 292- 15 2 17-69 

' F = fallow; W = wheat; GM = green manure; -N = no nitrogen fertilizer applied to crops; 
H = alfalfa or alfalfa/bromegrass mixture; P = pea; Fx = flax; A = alfalfa; f = fertilizers; 
p = pesticides 

Lethbridge, the two rotations that did not use nitrogen fertilizer had higher net income levels 

than the two rotations that did use nitrogen fertilizer; this is a direct reversal of the original 

economic analysis conducted when d l  economic coefficients remained at 1996 levels. The 



net 

yi' 

income levels of the F-W-W and Cont. W rotations dropped by approximately $55 ha-' 

and $82 ha-' yrl, respectively. At Swift Current, net income dropped for each of the 

rotations, as nitrogen fertîiizer was applied to wheat crops in al1 three rotations. As a result, 

there was no change in the order of  profitability, although the difference in net income 

behveen the GM-W-W rotation and the F-W-W rotation grew fiom just under $9 ha-' yr-' to 

just under $25  ha-' yr-', while the difference in net income between the F-W-W rotation and 

the Cont. W rotation dropped from approximatelyS79 ha-' yi' to approximately $65 ha-' yfl. 

In addition, the difference in net income between the GM-W-W and Cont- W rotations 

remained relatively unchanged- At Indian Head, the fertilized continuous wheat treatment 

remained the most profitable, despite a drop in net income of more than $ 60 ha-' yr-'. The 

low yields in the unfertilized treatments were not enough to offset the increase in production 

costs in the fertilized continuous wheat treatment. At Glenlea, the rotation containhg alfalfa 

remained more profitabIe than the annual cropping rotation. While the net income of each 

fertilized treatment dropped, the fertilizer treatments in the W-A-A-Fx rotation experienced 

a decline in net income of approximately $ 18 ha-' yr-', while net income in the fertilizer 

treatrnents in the W-P-W-Fx rotation declined by approximateIyS34 ha-' yi'. The difference 

between the rotations in net income decline was due to the fact that the fertilized treatments 

in the W-A-A-Fx rotation used less fertilizer than in the W-P-W-Fx rotation, 

Although the calculation of rotationai net income ushg fertilizer costs that are 

doubled, while al1 other input costs remained constant, is a rather simplistic exercise , it does 

illustrate an important point. As oil and gas pnces increase, so does the pnce of crop inputs. 

However, this is especially tme with respect to the production of nitrogen fertilizer, which 



is dependent on large amounts of fossil fuel energy to produce. As energy prices continue 

to rise, so too will the cost of nitrogen fertilizer. As a result, cropping systems containkg 

green manure or perennial forage legumes couId become more economically attractive to 

producers. 

3.5 DISCUSSION 

It was shown in the previous section that western Canadian crop rotations containing 

le-mes had energy efficiency ratings that were equai to or greater than those rotations not 

containing legumes. When comparing simïlar three-year rotations, one containing a year of 

fallow and the other containing a green manure le,gune (e-g. F-W-W vs. GM-W-W), Eiom 

the perspective of grain harvest, the cornparison is quite logical. Both rotations contain two 

years during which a crop is harvested and energy is harvested, and one year during which 

no crop is harvested and no energy is harvested- As a result, cornparisons between the two 

rotations, in terms of energy efficiency, can be easily made, though one rotation is 

introducing long-term soi1 fertility benefits into the system while the other is not- 

However, comparing energy efficiency behveen rotations with and without forage 

Iegumes proves to be more difficult when comparing the output energy of alfalfa to that of 

grain crops, such as wheat or pea, there is very little difference on a per kilogram basis 

(Nagy, 1999). However, unlîke grain crops, where onIy seed is harvested, the majority of 

aboveground biomass of alfalfa is harvested, resulting in greater amounts of biomass being 

included in energy calculation. 

While energy efficiency can be used as a measure of environmental sustainability 



more often that not, it does not always teii the whole story. For example, at both Lethbndge 

and Swift Current, the rotations contaking sirnilarly fertilized fallow and green manure 

Iegume treatments had energy efficiencies that were not statistically different f5om each 

other- However, a long-term study conducted in Saskatchewan found that while a failow- 

containhg rotation experienced a steady and continuous decrease in soil nitrogen levels, a 

green rnanure-containing rotation maintained soil nitrogen levels (Campbell et al. L99 L)- In 

addition, including a year of fallow in a rotation results in a loss of soil quality, as a result 

of soil erosion, whereas using a greenmanuTe leagnne as a faLlow replacement can reduce soil 

erosion (Biederbeck et al. 1996)- Ail of this evidence points to fallow as being detrimental 

to soil quality, whereas the data in this paper showed that the fallow-containing rotations in 

relatively short-tenn studies were just as energy efficient as similarly-fertilized green 

manure-containhg rotations. So, while the measure of the energy efficiency of a crop 

rotation is a very usefiil tool, other factors, such as tirne, should be used to assess the 

sustainability of a cropping system. 

Another issue that cornplicates the cornparisons bebveen perennial forage le,aumes 

and amual grain rotations is the end use of the hantested products, Grain is consumed by 

humans and livestock, while forage legumes, such as alfalfa, are generally consumed by 

livestock only, specifically cattle. When taking into consideration that nine kilograms of 

feed are required to produced one kilogram of  beef (Ensminger, 1987), one might quickly 

determine that any gain in energy efficiency fkom including perennial forage Legumes in a 

crop rotation would be lost due to the inefficiency of feed utilization of cattle. However, 

manure that is produced by cattle can be used to add nutnents, including nitrogen, to the soil 



for subsequent crops to use. In addition, the issue is clouded further when c o n s i d e ~ g  one- 

thud of the grain produced in the world is fed to livestock, mostly cattle, while in the United 

States, over 70 % of gain produced is fed to livestock, mostly cattle (Ri&Ui, 1992). 

Suddenly, the issue of discounting energy efficiency of forage legume-containing cropping 

systems due to the inefficiency of feed uhlization of cattle is not as obvious as one might 

have originally thought- 

Climatic conditions vary greatly across the Prairies, as was discussed earlier in this 

paper. For example, Swift Current receives approxirnateiy 180 mm less precipitation 

annually than Winnipeg, while having an annual average temperature that is more than I0C 

higher than Winnipeg (Campbell et al- 1990; Environment Canada, 1999). Growing 

perennial forage legumes in a hot, dry environment like southwestern Saskatchewan would 

most likely have a detrimental effect on the performance of a rotation, both in terms of 

economics and energy. This is because the alfalfa will generally produce low levels of 

herbage, and will fix limited amounts ofnitrogen, in addition to depleting soit water for 

subsequent cereal crops (Janzen, 1987)- 

On the other hand, including a green manure legurne in a cropping system in the dner 

areas of the Prairies makes much more sense. Studies have shown greater subsoil water 

recharge following green manures than wheat (Biederbeck and Bouman, 1994)- In most 

years, yields of subsequent cereal crops should not be adversely affected by green manure 

legumes in the rotation, resulting in the maintenance or enhancement of economic 

performance and energy efficiency of rotations in dner regions of the Prairies. 

By designing crop rotations that make the best use of the availabIe resources in a 



region, rotational economic performance and energy efficiency c m  be improved through 

decreased levels of inputs, in addition to increased yields. Including perennial forage 

legumes in a crop rotation in south-central Manitoba would likely provide a benefit to 

subsequent grain yields. Part of this yield benefit is due to the nitrogen hxed by those 

legumes. Kelner et al. (1997) found that three-year stands of alfalfa provided nearly 140 kg 

N ha-' to the soi1 for a subsequent crop to use, which would result in a dramatic reduction in 

the nitrogen fertilizer requirement for a subsequent crop- This reduction in the arnount of 

fertilizer required would result in Iower input costs and lower levels of input energy, while 

at the sarne tirne, maintainhg crop yields- The end result would be an improvement in 

economic and energy efficiency of the cropping system. 



4. Relay Intercropping and Double Cropping Green Manure Legume Cover Crops 
with Winter Cereals in Southern Manitoba 

4-1 ABSTRACT 

When relay intercropping and double cropping green rnanure legumes with winter 

cereals, nitrogen benefits of the Iegumes can be reaiized within a continuous crop rotation. 

The rotational benefits of relay intercropped and double cropped green manure legumes in 

continuous grain systems in Manitoba were investigated- Relay intercrops were seeded into 

winter cereals, and double crops were seeded wïthin four days of winter cereal harvest at 

Winnipeg and Carman, MB. Relay intercrops included alfalfa and red clover, while double 

crops included chickling vetch and black lentil. Winter cereals included winter wheat and 

fall rye. Fertilizer replacement values (FRV) of the relay intercropped and double cropped 

legumes to a succeeding oat crop at Winnipeg ranged fiom 23 kg N ha-' to 62 kg N ha-', 

while legume FRV at Carman ranged from -27 kg N ha-' to 22 kg N ha-'. Reduced legume 

growth at Carman, due to drought conditions, resulted in negative yield responses fkom the 

rday intercropped legumes and small yield benefits fiom the double cropped legumes. 

Including relay intercropped and double cropped green manure legurnes in continuous grain 

rotations reduced energy use by up to 39%, and increased energy use efficiency by up to 

28%. Increasing the fiequence of legumes in cropping systems shows promise to enhance 

~~~cultural sustainability, 

4.2 INTRODUCTlON 

It has long been recognized that including a green rnanure or forage legume in a crop 



rotation can enhance the productivity of a succeeding non-legume crop (Hesterman, 198 8). 

However, including legumes in a crop rotation as green manures or perennial forages results 

in a lack of grain harvest fiom the land during those years. Through multiple cropping with 

legumes, the benefits of a legume in rotation can be attained while rnaïntaining continuous 

grain production. In a multiple cropping system, the forage legume is a secondary crop that 

is put in place once the primary crop of the growuig season is well-established or  harvested- 

Two p n m q  types of  multiple cropping with legumes is relay intercropping and double 

cropping. Relay intercropping is a system in which there are two crops in the field at the 

same time for a portion of the gowing season (Moomaw et al. 199 1 a). The relay crop is no- 

till planted or broadcast seeded into the winter cereal in early spring. Double cropping is a 

multiple cropping system in which there are two crops grown in succession in the same field 

in the same season; there is no overlap between the two crops as there is with relay 

intercropping (Moomaw et al. 2991b). In Canada and the United States, the first crop in 

relay intercropping and double cropping has typically been a winter cereal. Winter cereals 

are harvested approximately two weeks to one month earlier than spring cereals, allowing 

for a greater window of opportunity for a second crop to make use of available resources 

remaining in the growing season, 

Previous work in the United States has shown the benefits of relay intercropping and 

double cropping with legumes. In a Michigan study, FRV7s of alfalfa and red clover relay 

intercropped into winter wheat in spring ranged fiom 32 to 51 kg N hX1 for alfalfa and fiom 

50 to 108 kg N ha-' for red clover, to a succeeding corn crop (Hesterman et al. 1992)- The 

authors of a New Mexico study whiçh examined the effect of relay intercropping haïryvetch, 



barrel medic, alfia, black lentil and red clover with corn found that FRV7s to a succeeding 

sorghurn crop fiom alfalfa and haity vetch ranged fiom 78 kg N ha-' to 140 kg N ha-', and 

ranged from 10 kg N ha-' to 72 kg N ha-' for the barrel medic, red clover and black lentil 

(Guldan et al. 1997)- In a Kentucky study, haïry vetch, and bigfiower vetch were broadcast 

seeded into a standing corn crop shortly before harvest, closely approxirnating a true double 

cropping system (Blevins et al. 1990). The FRV7s for hairy vetch and bigfiower vetch to a 

succeeding corn crop were 75 kg N ha-' and 65 kg N ha-', respectively, and 125 kg N ha' 

and 135 kg N ha-' in a succeeding sorghum crop, respectively (BleWis et al. 1990). The 

authors ofa study conductedin North Carolinawhich examined the effect ofdouble cropping 

crirnson clover and haïry vetch after corn found that the FRVs to a succeeding corn crop 

were 40 kg N ha-' to 45 kg N ha-' for the crirnson clover and hairy vetch, respectively 

(Wagger, 1989). A study conducted in Maine examined the effect of double cropping a 

mixture of hairy vetch and winter cye after barley. The nitrogen FRV to a subsequent corn 

crop ranged h m  120 kg N ha-' to 151 kg N ha-' (Gnffin et al. 2000). While the values 

described here may be higher than what could be expected on the Canadian Prairies due to 

the shorter growing season, double cropping forage legumes on the Canadian Prairies should 

stili add nitrogen to the soil for subsequent non-legume crops to use 

Pnor work has been done to show the nitrogen benefits of shorter-term legume stands 

on the Canadian Prairies. Kelner and Vessey (1 995) examined nitrogen fixation and growth 

of one-year stands of non-dormant alfalfa in Manitoba and found that the varïety "Witro" 

contnbuted an average of 121 -4 kg Nha to the soil after only one season of growth. An 

experirnent conducted by Biederbeck et al. (1996) examined the nitrogen benefits tCom a 



number of green manure legumes, grown for a six-to-seven week period, to a succeeding 

spring wheat crop. The average amount of nitrogen fixed was 18,16,49, and 40 kg Nha for 

black lentil, Tangier flatpea, chickling vetch, and pea, respectively (Biederbeck et al. 1996)- 

These results show that a shorter-tenn stands of legumes can be a viable option to green 

manure on the Prairies, in areas with sufficient precipitation. The advantage of multiple 

cropping with legumes is that a producer does not have to sacrifice a year of grain cropping, 

while achieving the same goals as with a green manure crop, with respect to factors such as 

nitrogen addition and weed control_ By utilizing the nitrogen provided by multiple cropping 

with legumes, nitrogen fertilizer use could be decreased, thereby decreasing commercial 

energy use within such rotations, 

4.3 MATERIALS AND METHODS 

4.3.1 Experimental Design 

Relay intercropping and double cropping trials were conducted at two sites, the 

University of Manitoba research station situated at Winnipeg, Manitoba (49" 88'N, 97" 

M'W) on a Black Lake clay soi1 (Curnulic Regosol), and the University ofManitoba research 

station located at Cannan, Manitoba (49" 49'N, 98" OO'W), on a Hochfeld fine sandy loarn 

soi1 (Orthic Black Chemozem). T d s  were conducted in a split-plot design with four 

replications. 

Main plots were one of two winter cereals, either winter wheat (cv. CDC Kestral) or 

fa11 rye (cv. Puma), seeded in late summer of 1997. Three 2-year crop rotations were 

exarnined: a wi-nter cereal-oat (cv. OT288). rotation, a winter cereai-oat rotation containing 



a legume relay crop, and a wïnter cereal-oat rotation with a legume double crop. Sub-plots 

were relay- or double- cropped legumes, seeded either into the winter cereals in the spring 

or immediately after cereal grain harvest- Spring seeded legumes included aLfd fa (cv- Nitro) 

and red clover (cv- cornmon)- Double-cropped Iegumes included black lentil (cv. 

Indianhead) and chickhg vetch (cv. AC Greenfïx)- Subplots were 2m x 6m- A number of 

blank treatments (wùiter cered-oat) were also included as sub-plots, for the purpose of 

carrying out a fertilizer replacement vdue study in 1999- 

4.3.2 Field Management 

Al1 crops in the experiment were seeded using a Fabro (Swift Machinery Co-, Swift 

Current, SK) no-till offset disc drill- In preparation for the trial, winter cereals were planted 

in Winnipeg on 4 September, 1997, and in Carman on September 8,1997- The winter wheat 

was seeded at a rate of 98 kg ha-', while the fail rye was seeded at a rate of 93 kg ha-'. Mono- 

ammonium phosphate fertilizer (1 1-52-0) was placed with the seed in ail winter cereal plots 

at a rate of 20 kg P20, ha-'. 

Ammonium nitrate fertilizer (34-0-0) was broadcast applied to main crops at a rate 

of 80 kg N ha-' at Carman on Apnl27,1998, and 82 kg N ha-' at Winm-peg on Apnl29. Al1 

fertilizer applications were based on soi1 test recornmendations, analyzed by Norwest Labs 

(Winnipeg, MB). In the relay cropping system, the legumes were direct seeded ïnto the 

winter cereals on May 1 at Winnipeg, and May 8 in Carman. The alfalfa was seeded at a rate 

of 10 kg ha-', and a seeding rate of 12 kg ha'' was used for the red clover. Nitragin Gold 

Rirriobium inoculants (LiphaTech, Milwaukee, WI) were used to inoculate the alfalfa at time 

of seeding and pre-inoculate the red cover. On June 8, propiconazole was applied to the 



winter wheat at Winnipeg at the recommended rate of O S  L ha-' in order to control tanspot 

leaf disease, 

Grain yield was determined by threshing a L.8m x 4m area in each plot using a small 

plot combine. Fall rye was harvested at Carman with a Wintersteiger plot combine 

(Wintersteiger Inc., Salt Lake City, UT) and Winnipeg with a Hege plot combine (Hege 

Equipment Inc., Colwich, KS) on July 27- Winter wheat was harvested on August 5 at 

Carman and Winnipeg. Cereal cutting height was approximately 20 cm, and straw was 

removed fiom the plot immediately after harvest- M e r  threshing, samples were cleaned and 

weighed and yield per hectare was calculated. 

The legurne double crops (black lentil and chickling vetch) were the direct seeded 

into the harvested fa11 rye plots in Carman on July 29 and in Winnipeg on July 3 1, and into 

harvested winter wheat plots on August 6. The chickting vetch was seeded at a rate of 93 kg 

ha-', and a seeding rate of 43 kg ha-' was used for the black lentil. The legume double crops 

were inoculated at time of seeding with Soi1 Implant+ Rlzizobizmz inoculants (LiphaTech, 

Milwaukee, WI). The double crop plots in Carman and Winnipeg were sprayed with 5 L ha-' 

of glyphosate to control weeds on July 3 1. On September 15, al1 legurne relay and double 

crop plots at Carman were sprayed with 2.7 L ha-' of sethoxydùn to control grassy weeds. 

In L999, oats were seeded uito the plots at a rate of 9 1.6 kg ha-' at Carman on May 

26, and at Winnipeg on May 28. Triple super phosphate fertilizer (0-46-0) was placed with 

the seed at a rate of 55 kg P205 ha-'. The plots were sprayed with 5 L ha-' glyphosate and 1 

L ha-' 2,4-D to control grassy and broadleafweeds, as well as volunteer cereals. Plots not 

containing legumes during the previous growing season received broadcast fertilizer 



applications of ammonium nitrate (34-0-0) at rates of 0,40,80 and 120 kg N ha-' on June 7 

at Carman and June 8 at Winnipeg. The oats at the Carmm site were sprayed with 0.5 kg ha- 

' propanil and 0.02 kg ha-' thiensulfiirodtribenuron to control broadleaf weeds on 17 lune. 

Grain yield was determuied by threshing 1 .Sm x 4m area in each plot using a mal1 

plot combine. The oats were harvested with a Wintersteiger plot combine at Carman on 

September 17, and with aHege plot combine at Winnipeg on September 19. M e r  threshing, 

samples were cleaned and weighed and yield per hectare was calculated. 

4.3.3 Plant sampling procedures 

Measurements taken included legurne plant population density and dry matter 

production. Legume plant density was measured on two x 1 m lengths ofrow within each 

p 10 t- Measurements were taken on July 13. 

Legume dry matter was measured by hand-clipping (at ground level) three x 1 m 

lengths of row at cereal harvest (late JuIy/early August), and on October 16 (Winnipeg) and 

October 24 and 26 (Carman), corresponding approximately to the end of the growing season, 

or fieeze-up, 

4.3.4 Statistical analysis 

Main crop yields within each location were analyzed using analysis ofvariance (SAS 

Institute, Inc., 1985). Winter cereal yields were analyzed in a split-plot design with wïnter 

cereal grown (winter wheat or fa11 rye) as the main plot effect and relay crop legume (red 

clover, aIfalf& or no legume) as the subplot effect. Where signïficant differences in winter 

cereal yields at each site were observed, Tukey's w Procedure Least Significant Difference 

test (LSD) was used to measure differences (Steel et al- 1997). 



Oat yields within each location were anaiyzed using analysis of variance (SAS 

Institute, Inc., 1985)- Oat yields were analyzed in a split-plot design with winter cereal 

grown the previous year (winter wheat or fail rye) as the main plot effect and nitrogen source 

(inorganic nitrogen fertilizer or legume relay/doub le crop) as the subplot effect. Where 

significant differences in energy use and energy use efficiency arnong the different rotations 

at each site were observed, Tukey's w Procedure LSD test was used to rneasure merences 

(Steel et aI. 1997)- 

4.3.4 Fertilizer replacement values of legumes 

Fertilizer replacement values were calculated in order to approximate nitrogen 

benefits to succeeding non-legume crops fiom the relay intercropped legumes and double 

cropped legumes. Fertilizer response curves were generated by d n g  quadratic regressions 

for eac h site using oat yield data &om the treatments receiving 0,40,80, and 1 20 kg N ha-' 

of inorganic nitrogen fertilizer. Oat yields fiom the relay intercropped and doublecropped 

legumes were then plotted on the fertilizer response curve, ushg the equation generated by 

the dope of the curve, in order to calculate the fertilizer replacement values of the different 

legurnes (Lory et al. 1995). 

4.4 RESULTS 

4.4.1 Legume Relay Intercrop Densities 

Legume relay intercrop densities were analyzed for each site (Table 4-1). At both 

Carman and Winnipeg, there were no significant differences in relay htercrop legune 

densities as affected by winter cereal type. 



Table 4-1 Legume cover crop densities by main crop and cover crop at winter cereal 
harvest at Carman (July 29) and Winnipeg, MB (July 3 1) 

Rotation Legume density 

Main croD 

winter wheat 

faIl rye 

Cover crop 

control 

red clover (relay crop) 

al fa1 fa (relay crop) 

LSD 

C.V. 

- plants m*' - 
Cannan Wimi~eg 

Block (B) 0.0804y NS" 0,2593 NS 

Main Crop (MC) 0.7371 NS 0.2594 NS 

Cover Crop (CC) 0.0659 NS 0.0022 ** 

"Main crop and cover crop means foUowed by different letters at the sarne site are 
si,onificantly different 
Y The df for effects of B, MC, B*MC, CC and MC'CC are 3, 1,3, 1 and 1, respectively 
" NS = not significant; ** = Significant at the 0.01 level 



Overall, the densities ofrelay intercropped legumes at Winnipeg were more than two 

times greater than at Carman. A possible reason for the difference between sites was that the 

heavy clay soi1 at Winnipeg dowed for greater water holding capacity than the sandy soi1 

at Carman. Also, sprïng precipitation levels were greater at Winnipeg (appendùc Table B-2) 

providing more water to the legumes at emergence. A l f i a  and red clover are legumes that 

use relatively large amounts of water (Zentner et al. 1996; Clark, 1998). 

Red clover densities were approximately 223% and 62% greater than that of alfalfa 

at Winnipeg and Carman, respectively (Table 4-l), but were significantly different fiom 

alfalfa densities at Winnipeg ody. Hesterman et al. (1992) examined the dynamics of a 

number of legumes intercropped with small grains, and found that "Nitro" alfalfa, used in 

this trial, had a lower plant density than red clover at d l  experimental sites. It has also been 

noted that when seeded together as a legurne mixture, red clover c m  become the 

predominant species, and in addition, red clover tends to be more shade tolerant than alfalfa 

(Smith, 1978). Al1 of these factors suggest that red clover may be more competitive in a 

relay intercropping system. 

4.4.2 Winter Cereal Yields 

There were significant differences in grain yield between the two winter cereals 

(Table 4-2). At both the Carman and Winnipeg sites, fa11 rye yielded significantly higher 

than winter wheat. Yields for both winter wheat and fa11 rye were higher at the Cannan site. 

Winter cereal yields were also analyzed to examine the influence of legume cover 

crops. At both sites, there were no significant differences in cereal yields whether either 

legurne cover crop was present in the cereal stand or not, though small yield reductions due 



Table 4-2 Winter cereal yields by main crop and cover crop at winter cereal harvest at 
Carman (July 29) and Winnipeg, MB (July 3 1) 

- - p- 

Rotation winter cereal yield 

- kg ha-' - 
Cannan Winni~eq 

Main crop 

winter wheat 3200 bz 2300 b 

fa11 rye 

LSD 954 500 

Cover crop 

control 4400 3300 

red clover (relay crop) 4200 3100 

alfalfa (relay crop) 4100 3000 

Block (B) 0.2 185' NS" 0.0089 ** 

Main Crop (MC) 

B*MC 

Cover Crop (CC) 0-7278 NS 0.3023 NS 

' Main crop and cover crop means followed by different letters at the same site are 
significantly different 
Y The df for effects of B, MC, B*MC, CC and MC*CC are 3, 1,3, 1 and 1, respectively 
" NS = not significant; ** = Significant at the 0.01 level 



to the presence of the underseeded legumes were obsewed in most instances- 

4.4.3 Legume dry matter production at cereal harvest 

Legume relay intercrop dry matter production at time of main crop winter cereal 

harvest was analyzed for each site (Table 4-3). Legume dry matter production did not differ 

significantly between the main crops at either site. 

At the tirne of winter cereal harvests, the dry matter production of the red clover was 

significantly higher than that of the alfâlfa at Carman. However, no significant differences 

in legrne dry matter production were evident at Winnipeg. As was previously discussed in 

section 4.4- 1, 'Witro" alfalfa did not perfonn as welI under relay intercropping cornpetition 

conditions as red clover did (Hestennan et al. 1992), and that red clover tends to be more 

shade tolerant than alfalfa (Smith, 1978)- These factors may have caused lower dry matter 

yields of alfalfa at the time of winter cereal harvest, 

4.4.4 Legume dry matter production at fa11 freeze-up 

L e p n e  dry matterproduction at the end of the growing season was analyzed for each 

site (Table 4-4). There was no significant difference between main crop type for legume dry 

matter at either site. Overall, le,pne dry matter production at the end of the growing season 

at Winnipeg was more than three times greater than at Carman, and this difference was 

attnbuted to greater water availability- 

Dry matter production of the two relay intercropped legumes, red clover and alfalfa, 

and the two double cropped legumes, chickling vetch and lentil, were analyzed foreach site. 

At both Carman and Winnipeg, red clover had significantly higher dry matter production 

than al1 other legumes. At both sites, there were no sipnificant differences in dry matter 



Table 4-3 Legume cover crop dry matter production by main crop and cover crop at 
winter cereal harvest at Carman (July 29) and Winnipeg, MB ( M y  3 1) 

Rotation legurne dry matter 

Main c r o D  

winter wheat 

fa11 rye 

Cover croD 

red clover (relay crop) 

alfalfa (relay crop) 

LSD 

Block (B) 0-5695Y NS" 0.4934 NS 

Main Crop (MC) 0-1071 NS 0-1388 N S  

Cover Crop (CC) 0-0298 * O,  1962 NS 

' Main crop and cover crop means followed by different letters at the same site are 
signi ficant ly different 
Y The df  for effects of B, MC, B*MC, CC and MC*CC are 3, 1, 3, 1 and 1, respectively 
" N S  = not significant; * = Significant at the 0.05 level 



Table 4-4 Legume cover crop dry matter production by main crop and cover crop at 
Cannan (October 24 and 26) and W d p e g ,  MB (October 16) 

Rotation legume dry matter 

- kg ha" - 
Carman Winnipeg 

Main croD 

winter wheat 1000 3 100 

fa11 rye 900 3 700 

Cover crov 

red clover (relay crop) 1800 a' 4600 a 

al falfa (relay crop) 600 b 3100 b 

chickling vetch (doubie crop) 1100 b 3000 b 

Ientil (double crop) 600 b 3000 b 

LSD 600 1300 

Block (B) 0.3414' NS" 0.3527 NS 

Main Crop (MC) 0-7248 NS 0-06 13 NS 

Cover Crop (CC) 0-0001 ** 0.0039 ** 

' Main crop and cover crop means followed by different letters at the sarne site are 
significantly different 
Y The df for effects of B, MC, B*MC, CC and MC*CC are 3, 1,3. 1 and 1. respectively 
" NS = not significant; ** = Significant at the 0.01 level 



production between the remaining three Iegumes: alfaLfà, chickling vetch, and lentil. 

4.4.5 Oat yieids 

Yields of oats grown on fdl rye stubble were slightly higher than for oats grown on 

winter wheat stubble, although the difference was signï£icant at Winnipeg only (Table 4-5)- 

This difference may be due to the fact that the fa11 rye was harvested approximately one week 

pnor to the winter wheat. This extra week of legurne growth would have resulted in extra 

nitrogen fixation that wodd not bave occurred in the -ter wheat plots, thereby providhg 

extra nitrogen to the succeeding oat crop in the fdl rye plots, which resulted in higher yields. 

Another reason for thïs difference may relate to nutrient levels in the soil- Winter wheat 

Table 4-5 Effect of previous winter cereal crop on oat yield (1999) 

Previous cereal Oat yield 

winter wheat 

faIl rye 

C.V. 

LSD 

- kg ha-' - 
Carrnan W innipe 

Significance (Pr>F) 

Previous cereal 0.478gY ns" 0.0003 ** 

' Means followed by different letters at the same site are significantly different 
The df for e ffect of Previous Cereal is I 

"NS = not significant; ** = Significant at the 0.01 level 



requires higher rates of nitrogen fertilizer for adequate production than fa11 rye does 

(Manitoba Agriculture, 1998), therefore, the winter wheat plots wouid Likely be more 

depleted of nitrogen than the fa11 rye plots, leading to lower oat yields in the foilowing 

growing season- 

Oat yields varied between the treatments at each site. Howevsr, the range was much 

greater at Winnipeg than at Carman (Table 4-6)- The average oat yield in Manitoba fiom 

1990 to 1997 was 2477 kg ha-' (Manitoba Agriculture, 1997)- At both sites, the highest and 

second-highest oat yields occurred where 120 kg ha-' and 80 kg ha" of fertilizer nitrogen 

were applied, respectively- At both sites, the lowest oat yields occurred in the control 

treatment and where red clover had been present the previous year. However, at Winnipeg, 

the red clover treatment out- yiefded the control treatment, while the control treatment out- 

yielded the red clover at Carman- When comparing oat yields of the different treatments, the 

plots that received 120 kg N ha-' or 80 kg N ha-' had higher yields than the legume 

treatrnents, while the 40 kg N ha-' treatment had higher yields than the legumes in al1 

instances, with the exception of the alfalfa treatment at Winnipeg- These differences are 

likely due to nitrogen- Kelner et al- (1 997) found that a one-year stand of alfaIfa could add 

84 kg N ha-' to the soil in Manitoba, while Biederbeck et al. (1996) found that green rnanure 

crops of lentil and chickling vetch added 18 kg N ha-' and 49 kg N ha-', respectively, to the 

soil. Therefore, it is not entirely unexpected that yields ofoats where legumes were actively 

growing for the last 3 months of the growing season would, for the most part, be somewhere 

in between those yields where O kg N ha-' and 40 kg N ha-' were applied. 

There were large differences in oat yields between the two sites, with yields for al1 



Table 4-6 Effect of nitrogen source (legurne cover crop or fertilizer) on oat yield 

Nitrogen source (for oats) Oat yield 

- kg ha-' - 
Carman Winnbeg 

Cover cror, 

red clover (relay crop) 3600 2500 

alfalfa (relay crop) 4100 3200 

chickling vetch (double crop) 

lentil (double crop) 

treatrnents substantially larger at Carman than at Winnipeg- Soi1 tests done in April 1998 

found almost identical levels of available soil nitrogen at the two sites. However, alfalfa was 

grown at Carman a number of years previous to this experïment, so organic soil nitrogen, 

which is not accounted for in available soil nitrogen tests, may have contributed to the higher 

yields at Carman. Forster (1999) and Hoyt (1990) found that yield benefits to wheat crops 

fi-om alfalfa occurred up to 6 and 13 years, respectively, after alfalfa. 

When contrasting oat yields as influenced by legume nitrogen source to oat yield as 

infiuenced by application 40 kg N ha-' of fertilizer, significant differences were observed at 



Table 4-7 Contrast cornparison of oat yields fiom fertilizer treatments against oat 
yields fiom legume nitrogen sources at Winnipeg, MB (1998) 

- - -- - -  

Contrast F-value Pr>F 

O kg N ha-' vs. red clover 
O kg N ha-' vs. alfalfa 
O kg N ha-' vs. chickiïng vetch 
O kg N ha-' vs. lentil 

40 kg N ha-' vs. red clover 128.70 
40 kg N ha-' vs. alfalfa 73 -07 
40 kg N ha-' vs. chickling vetch 108.2 1 
40 kg N ha-' vs. lentil 157-77 

80 kg N ha-' vs. red clover 4.47 
80 kg N ha-' vs. alfalfa 0.47 
80 kg N ha-' vs. chickiing vetch 1-37 
80 kg N ha-' vs. lentil 1 1-08 

120 kg N ha-' vs. red clover 55.33 
120 kg N haV1 vs. alfalfa 21 -55 
120 kg N ha-' vs. chickling vetch 42.20 
120 kg N ha-' vs. lentil 74.90 

' NS = not significant; * = significant at the 0.05 Ievel; ** = significant at the 0.01 level 

both Winnipeg (Table 4-7) and Carman (Table 4-8)- At Winnipeg, a11 yields from the 

legume treatments were significantly different fkom the yîelds of the treatments that were 

fertilized with 0, 40, and 120 kg N ha-'. However, the oat yields fiom the alfalfa and 

chickling vetch legume treatments at Winnipeg were not significantly different Erom the 

yields of oats fertilized with 80 kg N ha-', indicating that the alfalfa and chickling vetch 

provided similar yield enhancement as 80 kg N ha-' of nitrogen fertilizer. At Carman, yields 

from the le,we treatments did not differ significantly fiom the O kg N ha-' treatment, and 

were signïficantly different fiom the yields ofthe treatments that were fertilized with 40 and 



Table 4-8 Contrast cornparison of oat yields from fertilizer treatments against oat yields 
fiom legume nitrogen sources at Carman, MB (1998) 

- 

Contrast F-value Pr>F 

O kg N ha-' vs. red clover 
O kg N ha-' vs. alfalfa 
O kg N ha-' vs. chickling vetch 
O kg N ha-' vs. lentil 

40 kg N ha-' vs. red clover 15.82 
40 kg N ha-' vs. aIfalfa 21-57 
40 kg N ha-' vs. chickling vetch 9-8 7 
40 kg N ha-' vs. lentil 43.66 

80 kg N ha" vs. red clover 7.4 1 
80 kg N ha-' vs. alfalfa 1 1-49 
80 kg N ha-' vs. chickhg vetch 3 -56 
80 kg N ha'' vs. lentil 28.66 

120 kg N ha-' vs. red clover 11-16 
120 kg N ha-' vs. alfalfa 16.07 
120 kg N ha-' vs. chickling vetch 6.28 
120 kg N ha-' vs. lentil 3 5 -66 

' NS = not significant; * = sigdïcant at the 0.05 level; ** = significant at the 0.01 level 

120 kg N ha-'. Therefore, legumes provided limited yield benefits to subsequent oat crops 

at this site. Yields from the chickluig vetch treatment also did not differ signïficantly nom 

oat yields of the treatment that received 80 kg N ha-'. However, the level of non-significance 

(P = 0.0655) was lower than for the cornparison with the O kg N ha-' treatment (P = 0.0988), 

indicating a stronger reIationship between chickling vetch and the O kg N ha-' treatment. 

4.4.6 Energy use, production and efficiency 

4.4.6.1 Energy use Energy use varied by 3% or less between the wînter wheat and fa11 rye 

systems at Winnipeg and Carman (Tables 4-9; 4- 10). When the various nitrogen treatments 

1 OS 



Table 4-9 Energy use (MJ ha-') of the fertilizer and legume cover crop treatments in 
the wuiter wheat-oat rotation at Winnipeg and Carman, MB (1997-1999) 

Nitrogen fertilizer treatments (kg N ha-') Relay intercrops and double crops 

O - - 40 - 80 - 120 - A' - RC - IH - CV 

seed 1380 1380 1380 1380 145 1 1466 1523 2034 

machinery 531 53 1 53 1 53 1 568 568 580 580 

fuel 2188 2188 2188 2188 2313 2313 2361 2361 

pesticides 1524 1524 1524 1524 1524 1524 2429 2429 

fertilizers 6553 9242 11908 14598 6553 6553 6553 6553 

total 12176 14865 17531 20221 12409 12424 13446 13957 

' A - alfalfa; RC - red clover; M - lentil; CV - chickling vetch 

Table 4- 10 Energ  use (MJ ha-') of the fertilizer and legume cover crop treatments in 
the fa11 rye-oat rotation at Winnipeg and Carman, MB (1 997-1 999) 

Nitrogen fertilizer treatrnents (kg N ha-') Relay intercrops and double crops 

O - - 40 - 80 - 120 - Az - RC - IIi 

seed 1396 1396 1396 1396 1467 1482 1539 2050 

machinery 519 51 9 519 519 556 556 568 568 

fùel 2141 2141 2141 2141 2266 2266 2313 23 13 

pesticides 1214 1214 1214 1214 1214 1214 2120 2120 

fertilizers 6553 9242 11908 14598 6553 6553 6553 6553 

total 12174 14864 17530 20219 12056 12071 13093 13604 

A - alfa1 fa; RC - red dover; IH - lentil; CV - chickling vetch 

1 O9 



are compared, the treatment that was fertilized with 120 kg N ha-' consumed the most energy, 

while the control treatment consumed the least energy. The iegume treatments used between 

6 1 % and 68% of the energy that the 120 kg N ha-' treatment used, respectiveiy- The two 40 

kg Nha-' and 80 kg N ha-' treatments used 74% and 87% ofthe energythat the 120 kg N ha-' 

treatment used respectively. Energy use of the treatments did not d s e r  greatly, except 

where ~ t rogen  fertilizer rates varied- Fertilizers accounted for 62% to 73% of total 

rotational energy use, where nitrogen ferhlizer was added to the oats. Fertilizers accounted 

for between 47% and 55% of the total rotational energy requirement in the treatments where 

the oats were not fertilized, because the winter wheat and faIl rye received nitrogen fertilizer 

in al1 of the treatments, 

Energy costs for the alfalfa and red clover treatrnents were approxirnately 90% of the 

lentil and chickling vetch treatments. Higher energy use by double crops is because they 

require more energy to produce seed than alfalfa or red clover. In addition, plots where lentil 

and chickling vetch were double cropped received an extra herbicide application immediateiy 

pnor to legume seeding, thereby increasing energy consumption. 

4.4.6.2 Energy Production in Harvested Grain There were significant differences in 

ener,oy production when comparing the various nitrogen source treatments at both sites 

(Table 4-1 1). At Winnipeg, energy production by the treatrnents receivhg 120 kg N ha-' and 

80 kg N ha-' were significantly higher than the other treatments. The 40 kg N ha-' treatment, 

along with the four legume treatments, did not differ significantly fiom each other in terms 

of energy production. The control treatment produced significantly less energy than any 

other treatrnent at Winnipeg. At Carman, there were fewer significant differences between 



Table 4-1 1 Total energy production of harvested grain of fd ryehinter wheat-oat 
rotation by nitrogen source and previous cereai (1998-1999) 

Main effect -MJ ha-' - 

Nitroeen source (for oats) 

red clover (relay crop) 
alfalfa (relay crop) 
chickling vetch (double crop) 
lentil (double crop) 
O kgN ha-' 
40 kgN ha-' 
80 kgN ha-' 
120 kgN ha-' 
LSD 

Previous cereal 

winter wheat 

fa11 rye 
LSD 

148400 cz 

155100 c 

168900 abc 
164800 abc 
160700 bc 
178000 ab 
180900 ab 

184000 a 

22300 

S ignificance (Pr>F) 

Block 

Previous cereal (Pc) 

Nitrogen source (Ns) 

Pc*Ns 

' Means Followed by different letters at the sarne site are significantly different 
Y The df for effect of Block, Pc, Ns and Pc*Ns are 3, 1, 7, and 7, respectively 
" ** = Significant at 0.01 level 



the treatments. Once again, the 120 kg N haPL treatment produced the most energy, but 

differed signïfïcantly only f?om the aifialfa, red clover, and control treatments. 

Energy production did not v q  by more than 20% at Carman and, with the exception 

of the treatment where the oats were not feailîzed, did not Vary by more than 29% at 

Winnipeg. This was because the winter cereals that were grown during the previous season 

were fertilized the same across treatrnents, so energy production i?om the fkst year of the 

system was similar for each treatment. Differences occurred in the second year, when 

v a q h g  rates of nitrogen and legume nitrogen were used by the oats. 

At both Carman and Winnipeg, the system contahing fa11 rye produced significantly 

more energy that the winter wheat system averaged over al1 the treatments. This observation 

was attributed to two factors- Firstly, rye and wheat seed contain almost identicai arnounts 

of energy per unit weight (Nagy, 1999), yet fa11 rye yields were higher than winter wheat 

yields in the first year of the system- Secondly, oat yields in the second year of the system 

were higher where fa11 rye had been grown prevlously. 

4.4.6.3 Energy Use Efficiency There were few sigxüficant differences in energy use 

efficiency (Table 4-12). This is because energy use and energy production did not Vary 

greatly between treatments, as the winter cereal crops were treated similarly in al1 treatments. 

However, there were some differences of note. At Cannan, the alfalfa, chiclcling vetch and 

lentil treatments al1 had higher energy efficiencies than where nitrogen fertilizer was applied 

at either 80 kg N ha-' or 120 kg N ha-'. At Winnipeg, the &alla system was more energy 

efficient than any of the treatments with nitrogen fertiiizer applied, while the red clover 

treatment was more energy efficient than the treatment that received 120 kg N ha-'. This 



Table 4-1 2 Energy use efficiency of fa11 ryelwinter wheat-oat rotation by nitrogen 
source and previous cered (19984999) 

Main effect - Energy output energy input -' - 
Nitro zen source (for oats) 

aEdfa (relay crop) 
red clover (relay crop) 
chickling vetch (double crop) 
lentil (double crop) 
O kgN ha-' 
40 kgN ha+' 
80 kgN ha-' 
120 km ha-' 
LSD 

Previous cereal 

wïnter wheat 
fa11 rye 

LSD 

Winnipeg 

9.5 a 

8.6 ab 
8-4 abc 
8.5 abc 
7-6 bc 
8.1 bc 
7.8 bc 
7.4 c 
1 - 1 

Significance (Pr>F) 

Block 

Previous cereal (Pc) 

Nitrogen source (Ns) 

Pc*Ns 

' Means fo llowed by different letters at the same site are not significantly different 
Y The df for effect of Block, Pc, Ns and Pc*Ns are 3, 1,  7, and 7, respectively 
" ** = Significant at 0-01 level 



corresponds to hdings in the previous paper, in which it was found that havïng green 

manure legumes in rotation maintained or increased energy use efficiency in western 

Canadian cropping systems. The legumes provided similar yields to some of the fertilized 

treatments, while increasing energy use e fficiency. 

There were few significant difEerences in energy use efficiency between treatments 

at either site. At both sites, the 120 kg N ha-' treatment had the lowest energy use efficiency. 

At Carman, the 120 kg N ha-' treatment differed significantly t5om al1 others except the 80 

kg N ha-' treatment, while differïng significantly fiom ody the alfalfa and red clover 

treatments at Winnipeg- The aifaifa treatment had a significantly higher energy use 

efficiency rathg than the 40 kg N ha-' treatment at Winnipeg, however, the difference was 

not sigificant at Carman. 

At both sites, the fa11 rye system had a significantly higher energy use efficiencythan 

the winter wheat system. Both the fa11 rye and winter wheat systems at Carman were more 

energy efficient than they were at Winnipeg, and this increase was once again attributed to 

higher grain yields at Carman. 

4.4.7 Fertilizer Replacement Values of the Legumes 

The legume fertilizer replacement values (FRV) at Winnipeg were substantially 

higher than at Carman (Table 4-1 3). For example, at Winnipeg, the FRV of the alfalfa was 

5 I kg N ha-' and 62 kg N ha-' in the fa11 rye and winter wheat systems, respectively, while 

in Carman, the FRV of the alfalfa was 5 kg N ha-' and -3 kg N ha-' in the fa11 rye and winter 

wheat systems, respectively. The FRV's for double crops in the winter wheat system at 

Winnipeg ranged fiom a low of 23 kg N ha-' for lentil to a high of 62 kg N ha-' for alfalfa- 



Table 4-1 3 Fertilizer replacement values of the legumes to a succeedïng oat crop by 
winter cered type at Winnipeg and Carman, Ml3 (1999) 

- 

Nitrogen source (for oats) Winnipeg Cannan 

winter wheat fa11 rye winter wheat fa11 rye 

red dover 24 26 -13 -27 

al falfa 62 51 -3 5 

chickling vetch 29 43 22 14 

winter wheat (Winnipeg) y = 1439-067 + 46,392675~ - 0.18769 
winter wheat (Carman) y = 3999.584 + 25.652975~ - 0.134916~8 
fall rye (Winnipeg) y = 1755.1615 -t- 38.371788~ - 0.117667~? 
fa11 rye (Carman) y = 4226,698 + 20.4517~ - 0.0930252 

At Carman, the FRV's in the winter wheat system ranged fiom a low of -27 kg Nha-' for red 

clover in the fa11 rye system to a high of 22 kg N hà1 for chickling vetch. 

There were also diaerences in FRV ranking arnong lepmes at each site. At 

W i ~ i p e g ,  alfalfa in both the winter wheat and faIl rye systems had the highest FRV, at 51 

kg N ha-' and 62 kg N ha-', respectively. Hesterman et al. (1992) found that the FRV for 

relay intercropped alfalfa was as high as 55 kg N. Kelner et al. (1 997) found that a one-year 

stand of 'Witro" alfalfa provided 84 kg N ha-' to the soi1 in Manitoba, so the above values 

for a 3-month growth period of growth are quite comparable. The FRV fiom chickling vetch 

and lentil ranged between 23 kg N ha-' and 43 kg N ha-' at Winnipeg, similar to the results 

of Biederbeck et al. (1 996), who used these legumes as green manure fallow substitutes. The 

FRV fiom red clover at Winnipeg reached up to 26 kg N ha", which is somewhat lower than 

115 



values in other studies- Hesterman et al. (1992) found the FRV fiom relay intercropped red 

clover reached as high as 127 kg N ha-'. However, red clover is adversely affected by 

exposure to low soi1 moistwe (Smith, L978), and precipitation levels after winter cereal 

harvest were low at Winnipeg, so this may have inhibited nitrogen fixation in the red clover. 

Low FRV for alfalfa and red clover at Cannan were again attniuted to low soi1 

moisture levels. Atfalfa requires relatively large arnounts of water (Zentner et al. 1996), 

while red clover generaliy performs poorly on Iight-textured soils (Smith, 1978), like those 

at Carman. Considering the drought conditions that ensued at Cannan after the winter cereal 

harvest (appendix Table B-2), it is not surprising that these two legumes provided the lowest 

FRV at Carman. 

Chickling vetch and lentil performed much better than either alfalfa or red clover at 

Carman, with FRV7s up to 22 kg N ha-' (Table 4-15). Chickling vetch and lentil are leames 

that are used as green manure fallow substitutes in dner areas ofthe Prairies, because of their 

ability to use water efficiently and, especially in the case of chicklin; vetch, their ability to 

fix nitrogen @ellido, 1994; Biederbeck et ai- 1996; Cocks, 1999). It is not surprising then, 

that these more drought-tolerant legumes outperformed alfalfa and red clover under the 

drought conditions at the Carman site- 

4.5 DISCUSSION 

Results of this study showed that the double crops performed best at Cannan, while 

the relay intercrops performed best at Winnipeg. There are likely two main causes for this 

outcome, both relating to water use. Firstly, the relay intercrops were present on the plots 



for the whole growing season, while the double crops were seeded approximately three 

months later, after the winter cereals were harvested, Where water was not a lhiting factor 

in Winnipeg, this did not appear to be a problem. However, in Carman, where the sandysoil 

and lower levels of precipitation (appenduc Table B-2) resuited in drought-like conditions, 

the Iength of t h e  that the legumes were present in the field may have played a factor in the 

overall performance of the cropping system. The oat yields where the relay intercrops had 

been grown the previous year were generally much lower than where the doublecrops had 

been g r o m  the previous year, an indication that perhaps the oat crops following the relay 

crops were suffering firom a moisture deficiency, partially caused by the length of time that 

the legumes were present in the plots- Secondly, the chicklïng vetch and Ientils otiginated 

in the Near EastMediterranean (Bellido, 1994; Cocks, 1999; Oplinger et al. 1990), while 

alfalfa and red clover originated in southwestem Asia/southem Europe, areas which are 

generatly not as dry as the Near East/Mediterranean (Sheaffer, L 993)- It is not surprising then 

that the legumes that onginated in the drier climates performed better at Carman, where 

water was a limiting factor, and that the lepmes that originated in the wetter climates 

performed better at Winnipeg, where water was more plentifid. 

Taking what was observed at the two sites in this experïment, one could extrapolate 

fiom the data and make some recomrnendations for western Canada- Based on the 

performance of the doublecrops at the dry Carman site, plus previous research on green 

manure legumes in dry regions of the Prairies (Biederbeck et al. 1996; Biederbeck and 

Bouman, 1994), it appears that using green manure legumes as doublecrops in the d r k  areas 

of the Prairies (Le. southern Saskatchewan and southeastern Alberta) could be a viable 



option. On the other hand, the performance of the relay intercrops at the wetter Winnipeg 

site, in addition to pnor work done on the use of short-term perennial forage legume stands 

in south-central Manitoba (Kelner and Vessey, 1999, suggests that perennial legumes could 

be used as relay intercrops in the wetter regions of the Prairies (Le. south-central Manitoba 

and northem Alberta). Use of a properly adapted legurne with winter cereals could be a 

viable option to provide legume benefits to continuous croppïng systems across the Prairies. 

The results of thk study showed that including legume relay intercrops and double 

crops in a winter cereal-oat rotation maintained or ùicreased energy use efficiency relative 

to the treatments which only used inorganic nitrogen fertilizer- The primary reason for the 

maintenance or increase in energy use efficiency was decreased energy use, as a result of 

substituting the nitrogen provided by the leaumes for Uiorganic nitrogen fertilizer. The 

alfalfa treatment used approxirnately the same amount of energy as the control treatment, and 

up to 39% less energy than the other fertilizer treatments. Often, producers do not include 

a green manure or forage legume in a crop rotation, because of the resulting loss of one or 

more years of grain cropping- These results show that including legume relay intercrops 

and/or double crops in a crop rotation can increase energy use efficiency, while rnaintaining 

a continuous crop production systern- 

The benefits to a cropping system fiom including lepmes in rotation are well 

documented (Spratt, 1966; Hoyt and Leitch, 1983; Badaruddin and Meyer, 1989; Entz et al. 

1995). However, many producers are wary to include Legumes as green manures orperemial 

forages, as to not sacrifice a year or more of grain production in order to receive the benefits 

of a legume in rotation. One of the advantages of relay intercropping and doublecropping 



with legurnes is that the benefits provided by a legume in rotation can be achieved without 

sacrificing a year of grain production. Al1 that is required is that a winter cereal be included 

in the rotation, in order that the relay intercrops and doublecrops are provided with a 

sufficient amount ofheat and Light resources at the end of the growing season. This is so that 

legume growth c m  be maximized, thereby providing the nibrogen and other resulting benefits 

to subsequent non-legume crops in sufficient arnounts. 

The primary additional cost in a multiple cropping system with legumes is the cost 

of the seed. The pnce (in 1996 dollars) for the alfaffa and lentil seed used in this experiment 

was approxirnately $ 40 ha-' and $ 30 ha-', respectively (Nagy, 1999). The fertilizer 

replacement values for these legumes were up to, approxlmately, 60 kg N ha-' and 40 kg N 

ha-'. The approximate cost (in 1996 dollars) to provide the equivalent arnount of nitrogen 

using urea (46-0-0) fertilizer would be $ 48 ha-' and % 32 ha-', respectively (Nagy, 1999). 

Looking at these figures, one can see that in instances where conditions ailow for excellent 

leaume performance, the nitrogen available from a subsequent crop provided by relay- 

intercropped or doublecropped legumes may be worth more than the seed costs of the 

Ie,pnes, In other instances, the where conditions are less than ideal, such as Carman in 

1999, the value of the nitrogen fiom the multiple-cropped legumes rnay be worth less than 

the seed costs of those legumes- However, this does not take into account the additional 

benefits provided by the legume crop to subsequent non-legume crops, such as higherprotein 

levels, higher yields, weed control, and improved soi1 physical properties (Spratt, 1966; Hoyt 

and Leitch, 1983; Badaruddin and Meyer, 1989; Entz et al. 1995). 

There are numerous advantages and disadvantages to including legume relay 



intercrops and double crops in a cropping system. Many of the advantages and disadvantages 

would depend on the appropn'ateness of the legume system chose for a particular region o f  

the Prairies. However, i f  legurnes that are well adapted to a region are chosen, the 

advantages of relay intercropping and double cropping legumes with winter cereals would 

appear to outweigh the disadvantages. 



5. GENERAL DISCUSSION 

Including legumes in a cropping system, whether as green manures, perenni-al forages, 

or as relay intercrops and double crops, cm add substantial amounts of nitrogen to the soi1 

for subsequent non-legume crops to use. Some producers may not want to include legumes 

in a rotation, holding the beiïef that as long as the amount of inorganic nitrogen fertilizer 

applied to a non-legume crop is uicreased to match the approximate nitrogen contribution 

that a previous legume crop would have made, the cropping sysiem will pecform no 

differently. However, this rnaynot be the case. There are a nurnber of reasons why it would 

be preferable to use legumes as a nitrogen source, as opposed to inorganic oitrogen 

fertilizers. 

Firstly, inorganic nitrogen fertilizers are very inefficient to use. In order to synthesize 

arnmonia, nitrogen and hydrogen gases must be combined at a pressure of 200 atm and a 

temperature of 500 OC (Smil, 1997), which requires large arnounts of energy. In fact, the 

present study detennined that approximately 60% of the total commercial energy used in 

agicultural crop production is accounted for by the production of nitrogen fertilizers. In 

addition, other studies have shown that approximately 50% of nitrogen that is applied as 

inorganic nitrogen fertilizer is lost through denitrification, volatilization, or leaching below 

the root zone (Karlen et al. 1996; Tran and Giroux, 1998). 

By way of cornparison, including a legwne in a crop rotation requires only the 1e-e 

seed, light, heat, water, and perhaps some fertilizer phosphorous, potassium, sulphur, and 

rnicronutrients, al1 ofwhich require f a  less energy to produce thannitrogen fertiiizers (Stout, 

1 990). Therefore, using legumes as a nitrogen source requires far fèwer energy expenditures 



than using inorga.uk nitrogen fertilizer as a nitrogen source- 

A second advantage to using legumes as a nitrogen source instead of ïnorganic 

nitrogen fertilizers is that rotations with legumes generally have lower input costs than 

continuous cropping rotations. Just as applyïng inorganic nitrogen fertilizer adds 

s i p i  ficantly to the arnount of energy required for grain production, it also adds significantly 

to the cost of grain production (Clark and Poincelot, 1996)- Large amounts of inorganic 

nitrogen fertilizers are generally used in Prairie agriculture, making fertilizer one of the 

prirnary costs of grain production. %y including legumes in a crop rotation, nitrogen 

fertilizer requirements for non-legume grain crops c m  be decreased, which will decrease the 

cost of grain production (Clark and Poincelot, 1996)- When examining data fiom the first 

paper, it was shown that including legumes in a crop rotation lowered the costs of 

production, regardless of location or whether the legumes were used as green manures or 

perennial forages. As the costs of production are lowered, so to is the financial nsk. The 

higher the costs of production are, the tiigher the crop yields need to be to provide a retum 

on investrnent, and the more susceptible the cropping system is to financiai losses. This will 

become even more of a reality as fuel prices continue to nse, causing nitrogen fertilizer 

prices to follow suit- The realized net income ofcanadian producers as a percentage of f m  

cash receipts dropped from 36% in 1974 to 14% in 1990 (Clark and Poincelot, 1996), which 

has led to increased interest in agriculture that is Iess dependent on purchased inputs. 

Including legumes in a crop rotation c m  assist in achievhg this- 

The third advantage to using legumes as a nitrogen source is that legumes provide 

rotation benefits that cannot be realized by adding inorganic nitrogen fertihzers. As was 



discussed previously, including legumes in a crop rotation can provide subsequent grain 

crops with numerous benefits above and beyond that o f  nitrogen addition, such as higher 

protein tevels, higher yields, weed control, and improved soi1 physical properties (Spratt, 

1966; Hoyt and Leitch, 1983; Badaruddin and Meyer, 1989; Entz et al. 1995; Forster, 1999). 

Evidence ofthese benefits to subsequent grain crops was seen at the Lethbridge and Swift 

Current sites, where the non-significant trend was that wheat yields in the rotations with 

green manure legwnes were slightly higher than wheat yields in the continuous grain 

rotations. Evidence of these benefits fiom legumes to subsequent grain crops was also seen 

at Glenlea, where wheat yields in the rotations with perenni-al forage leag.mes were between 

238 kg ha-' and 900 kg ha-' greater than wheat yields for the same treatrnent in the conhnuous 

ga in  rotations (although these differences were not significant, due to a large degree of 

variation resulting from a small sarnple size at harvest). Eit were possible to improve the 

grain yields of the continuous grain rotations to match those of the rotations with legwnes, 

the improvement would likely be achieved through greater levels of crop inputs, such as 

fertilizers and pesticides- Increasing the levels of crop inputs used would increase the cost 

of crop production, once again demonstrating how including legumes in a crop rotation can 

rninimize input costs. Legumes provide benefits to subsequent grain crops that cannot be 

achieved by simply replacing legumes as a nitrogen source with inorganic nitrogen fertilizer- 

Therefore, findings f?om the present study may begin to convince more producers to include 

legumes in crop rotations. 

It has been established in this thesis that including legumes in crop rotations as green 

manures, perennial forages, or cover crops c m  maintain or  enhance the energy efficiency of 



cropping systems. However, some people may question the importance of energy efficiency 

ratlligs for cropping systems, concluding that energy efficiency is just a number on a piece 

of paper that does not hold a great deal of relevance; in facf just the opposite is true. Energy 

efficiency in agricultural cropping systems is important for a number of reasons. The first 

of these reasons relates to the use of fossil fiels. The vast majonty of commercial energy 

used in crop production is in the form of fossil fiiels (Fïuck and Baird, 1980). When fossil 

fiels are burned, they release carbon dioxide, a greenhouse gas that is linked to global 

climate change. It has been estimated that approximately two-thirds of potential global 

warming will be accounted for by carbon dioxide emissions (Herzog et al- 2000). The threat 

of global warming has become so prevalent, researchers have begun to investigate carbon 

sequestration methods which include purnping carbon dioxide underground into coal beds, 

depleted oïl and gas reservoirs, and mined salt domes, as weli as depositing carbon dioxide 

deep in the ocean as dry ice, or purnping it to the bottom of the ocean. In addition, some 

counhies such as Norway have implemented taxes on the amount ofcarbon dioxide released 

into the air by industry (Herzog et al. 2000). By decreasing reliance on fossil fuel-based 

nitrogen fertilizers, through the use of legumes, carbon dioxide emissions into the 

atrnosphere could be reduced. The threat of global warming, dong with the possibility of 

a Canadian carbon tax, may eventually factor into the decision of whether or not to include 

legurnes as green manure, perennial forages, or relay intercrops and doublecrops in a Prairie 

crop rotation. 

The second reason why energy efficiency of cropping systems should be important 

concems the availability of fossil fuels. Fossil fbels are considered a non-renewab le 



resource, as they require millions of years to fom- Concems regarding diminiiminishing supplies 

of fossil fbels have surfaced perïodically during the past century, dthough experts have 

stated that there should be enough fossil fiels remaining to satisfjr world demand well into 

this century, and possible the next (Herzog et al- 2000)- However, the fact remains that 

supplies of fossil fùels are finite, and will inevitably grow more scarce someday in the fùture, 

and hence become more expensive (Srnil, 1997)- By reducing inputs that depend on fossiI 

fuels for their production, a cropping system will become less dependent on non-renewable 

resources- In the fùture, when the availability of fossil fiiels cornes into question, using 

Iegumes as a nitrogen source to supplement inorganic nitrogen fertilizer use may become a 

more common practice- 

The thirdreason why energy efficiency of cropping systems is important concerns the 

level of economic nsk in a cropping system. As the energy efficiency of a cropping system 

increases, the arnount of energy consumed by the system decreases in proportion to the 

amount of energy produced by the system. Energy inputs for a cropping system, whether in 

the form of seed, pesticides, herbicides, macbery, or fiiel, are al1 items that must be 

purchased, so the fewerenergy inputs uicurred by acropping system, the fewer costs incurred 

by the system. The first chapter in this thesis showed that, while not always having the 

highest returns, the rotations with legumes had the lowest levels of input costs in almost 

every situation. The higher the energy use efficiency of a cropping system, the lower 

(proportionally) the amount of energy inputs, and hence, the lower the input costs. The lower 

the costs of production are, the lower the economic risk ofproduction. Legumes can reduce 

the econornic risk of crop production by enhancing the energy use efficiency of cropping 



systems. 

This thesis has dernonstrated the importance of enhancing the energy efficiency of 

cropping systems. Whether in reIation to the consurnption o f  fossil fiels and the production 

of greenhouse gases, the depletion of non-renewable fossil fûel resources, or economic nsk 

of crop production, increasing the energy use efficiency of cropping systems should improve 

the environmental and economic stability of those cropping systems. 



6. CONCLUSIONS 

It was found that including legumes in a number of western Canadian crop rotations 

could decrease energy use and maintain or increase energy use efficiency ofcrop production- 

Three legume systems were examined: green manure legumes, perennial forage legumes, and 

relay intercropped and double cropped legurnes. 

It was found that green manure legumes maintained or increased the energy use 

efficiency of western Canadian cropping systems by up to 196%, as a result of decreases in 

energy use of up to 65%. The decreases in energy use were pnmarîly through reductions in 

nitrogen fertilizer requirements- Green rnanure Legurnes could be used as a fallotv 

replacement to improve the energy use efficiency of cropping systems in drier areas of the 

Prairies. 

It was found that perennial forage legumes increased energy use efficiency O Ftvestem 

Canadian cropping systems by up to 500%, as a result of decreases in e n e r g  use and 

increases in energy production. Decreases in energy use of  up to 86% were prïrnarily through 

reductions in nitrogen fertilizer requirements- Increases in energy production of up to 1 34% 

were primarily due to the harvest of al1 aboveground biomass fiom forage crops, as opposed 

îo gain harvest only ftom grain crops, Perennial forage legumes could be used as hay crops 

to improve the energy use efficiency of cropping systems in wetter areas of the Prairies. 

It was found that relay intercropping and double cropping green manure legume cover 

crops with winter cereals in southem Manitoba increased yields of a subsequent oat crop by 

the equivalent of up to 62 kg ha-' of fertilizer nitrogen. It was also found that the legumes 

increased energy use efficiency of the system by up to 28%, as a result of decreases in energy 



use by up to 39% in the legurne treatments. The decreases in energy use were primarily due 

to reduchons in nitrogen fertîlizer requirements. Relay intercropped and double cropped 

legume cover crops could add legwne benefits to a crop rotation and improve the energy use 

efficiency of continuous cropping systems i?. areas of the Prairies with adequate heat and 

water resources remaining after the harvest of a winter cereal. 

The hdings of this thesis point to the importance of induding legumes in cropping 

systems in order to improve energy use efficiency, The vast majorïty of energy used in crop 

production is in the form of fossil fuels- When burned, these fossil fbeLs release carbon 

dioxide, a greenhouse gas, into the atmosphere. With ever-increasïng concem over global 

warming as a result of geenhouse gases, any steps taken to improve the energyuse efficiency 

of agriculture should be welcome steps indeed. 
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Table A- 1. Seed energy use of Lethbridge, AB rotations (19894994) 

1991 

wheat 
lenbf 

total 

Rocdon a3 

1992 

wneat 
leml 

total 

7 
hl low 

MJma 
O 0 0  

000 

0.00 

whoat 
MJma 
482.40 

0.00 
41240 

Roalion U 

R d l b n u  
w k u t  (*NI 

MJha 
-40 

0.W 

UZ40 

wlœat 

MJnm 
4824 
0.00 

11140 

R m ( l o n U  
w b a t  (*N) 

Wmi 
-40 

0.00 

-10 

bila 
MJha 

OW 

0.00 

0.00 

1993 Rotation 8 3  

' 

RoWanW 
what(+N) 

MJha 
582.40 

0.00 

4ôZ40 

wheat 
ientd 

total 

whoat 
H J h a  

4 8 2 . ~ 1  

0.00 

48240 

1994 

wheat 

lmnl 

total 

7 ~otabnw ~aniai a 

wh.X 

M J m  
4 ~ 2 4 0  

0.m 
02 .40  

Rotation 16 

hltow 

MJma 
0.00 

Q.00 

0.00 

aIla 
MJha 

O. W 
0.00 
0.00 

Wl 
MJnU 
0.00 

1M.39 

150.39 

bllarr 
U J k  
0.00 

0.00 

0.00 

Rotation # 

Rdalion 86 

Imntil 

M J h  
O 00 

19.39 

150.39 

w h a t  
MJlha 
482.40 

0.00 ---- 
48240 

f a l l a  

KI& 
0.00 

0.00 
O. 00 

R D W o n U  

Rotation 81 

wh.at(*N) 

W J h  
08240 

0.00 

48240 

- b a t  

iuuh 
ô8240 

0.W 

392.40 

wMat(*N) 

M J h  
482.40 

0.00 

482.40 

wtmaf 
MJha 
48240 

O00 

482.40 

knt i l  

M J h  
000 

850.39 

15039 

Rotation W 

whaal pH) 
M U h  

a240 

0.00 
4 a 4 a  

faIlor* 

MJha 
0.00 

0.00 

0.00 

whml(*N) 

W h  
48250 

0.00 

ld2.40 

w b a t  

uJnu 
Sa;rJO ' 
0.00 

482-40 

whmt (*N) 

MJnU 
U1210 
0.00 

02.40 

WM 

UJha 
49240 

0.90 
4 2 4 0  

wtmat (*Nb 

MJha 
48240 
0.00 

482.40 

w h U t  

MJnu 
a 2 4 0  

0.00 

48240 

w h a l  (*NB 
MJRu 

48240 

0.00 

48240 

wneat 

M l h a  
4âZ.10 

0.00 

48210 

whmat 

MJIIu 
4 Z L J O  

0.00 

48240 

w h u t  
MJlha 

48240 

O. W 
4 2 4 0  

w h a t  

MJRu 
48240 

000 

4~2.10 

Rotnion 15 

hl low 

MJha 
0.00 
0.00 

0.00 

RoOtion U 
knü l  

W b  
0.00 

ïM.39 
15039 

w h a l  (*N) 
Klha --- 
48240 

O. W 

a240 

wtmat(+N) 

M J h  
58250 

0.00 

487..40 

whmat 

MJha 
4E2.40 

oM) 

U T 4 0  
-.-- 

- ~ b a l  

MJRu 
-40 

O. 00 

~ L I O  



Table A-2- Fuel energy use of Lethbridge, AB rotations (1989-199 1) 

1989 

mdrlrury 
pickup buck 

grain tmck (seeding) 
watw inid< 

S P W  
fedruer spreader 

cultivator 
hammpadrefs 

mdweder 
blade wlhiator 

tandem d i i  
disc dnll 
swamer 

gram mck (harvesl) 
grain truck (marilet) 

combine 
total 

gmn üuck (seedingl 

1 ferblizer spreader 
culhvator 

h- packers 
blade euIlvaDr 

wndem diic 
d s c  dnlf 

gnon buck (hamesi) 
grain üuck (market) 

1990 

machinery 
pickup lfu& 

grain tnick (seeding) 
waler tnick 

sprayer 
Ierûlizer spreader 

cultivaior 
harrwpackes 
blade cullvabr 

tandem diic 
disc dnll 

-mer 
grain mck (harvest) 
grain tnick (market) 

combine 
total 

MJlha MJRu 
99 31 99.31 

O00 904  
29 80 29 80 
65 00 65 00 
o w  8590 

128 80 000 
O00 76 60 

860 70 O 0 0  
000  532 60 
OOa 116 IO 
o w  nz IO 
000 000  
O00 0 0 0  

R a a t b n I I  

combine 1 0.00 1 000  0.00 
total ( 1183.61 ( 1146-45 1 1146.45 

- hlla 
KIRU 
992 1 
0.00 
44.70 
97.50 
O 00 

120.80 
0.00 

0.00 
850.70 
0.00 
O00 
000  
0.00 
0.00 
0.00 

1231.01 

Rmtion 83 RMallai U 
fallaw 
MJha 
99.31 

0.00 
29.80 
65.00 
0.00 
0.00 
0.00 

860.70 
0.00 
0.00 
0.00 

0.00 
0 00 

0.00 
1054.8t 

-bat 
YJl)u 

99.31 
9-04 

44.70 
97.X) 

85.90 
128.80 
76.m 
9240 
0.00 
0.00 

116.10 

132t0 
0.00 
0.00 

0.00 
81245 

whw< 
M U ) u  
99.31 
9.04 
44.70 

97.50 
85.90 
128.80 
76.60 
9240 
0.00 
O. w 

116.10 

~ P I O  
0.00 

0.00 
0.00 

-45 

w h a t  
YJha 
99.31 

9.04 
29.80 
65.00 
85.90 

128.80 
153.20 
0.00 

53260 
116.10 

t3210 
0.00 
0.00 

0.00 
13Sl.k5 

wfœat w h a ~ ( * N )  
M J h  MJRu 
99.31 99.31 
904 9.04 
29.80 29.80 
65 w 65.00 
85-90 85.90 
128.80 128.80 
153.20 153.20 
0.00 O. 00 

51260 53260 
1 16.10 Tl6.10 

1 ~ 1 0  13zt0 
0.00 0.00 
O. 00 0.00 
0 0 0  0.00 

i S 1 . a ~  1151.85 



Table A-3. Fuel energy use of Lethbridge, AB rotations (! 992-1 994) 

gain truck (seeding 

walermrd+ 

spray'=r 
ferhruw spreaâer 

culhator 

hamrwpadrers 
rodrreeder 

blade culbator 
taodem d i s c  
d i  dnll 
Swamw 

grain truck (harvest] 
grain mtck (market) 

Rdrtlon iCI 

w h a t  1 w ~ a t  w h r n  
MJRu 
99.31 

9.04 
29 80 
65.00 
85.90 
128.00 

76 60 
9240  
0.00 

0.00 
116.10 

13210 
0.00 

0.00 

gmn truck (seeding] 
water truck 

spwer 
fertilizerspreader 

culüvalor 
h a m  packers 

rodweeder 
Made cuiwamr 

tandem d u c  
diSc dnll 
%amer 

grain m c k  (haruest) 

grain mick (market) 

MJRu 
99.31 
3.00 
14-90 

32.50 
0.00 
0.00 
0.00 

153.20 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

grain truck (seeâing) 
water h c k  

SPrayec 
lernluer spreader 

HD cuiiivamr 
nilavator 

harr<nu packers 
blade culhralor 
tardem disc 

QiKdnll 
swalher 

grain truck (hama) 
grain m c k  (market) 



Table A-4. Machinery energy use of Lethbridge, AB rotations (1989-1991) 

OMem dix 
d ~ c  dnil 

swamer 
grain truck (haniest) 
gram tmck (rmrkeq 

machinery M J h  
pidrup mi& 31.04 

gram uuck (seeding) 0.00 
water mck 5.40 

SPraVer 18.80 
lerhruer spreader 0.00 

culbvamr 0.00 

hamtvr pack- 0.00 
blade cullvamr 121.20 
tandem die 0.00 

disc dnll 0.W 

smavier 0.00 
grdm buck (ha~f?st )  0.00 
grain truck (mafker) 0.00 

grain wck (seeding) 
watef mck 

s w a w  
femiiier spreader 

cuitivamr 

h a w  packers 
alade cullva!ar 
DMem d i x  

d 6 c  dnll 
Swalher 

gram ~ c k  (harvest) 
grain wck (mariiei) 

combine 0.00 0.00 0.00 
Ioldl 1 190.U 1 241.44 1 24 -44  



TabIe A-5. Machinery energy use of Lethbridge, AB rotations (19924994) 

machinery 

PiCkVP VUck 

gain mick (seeding 
mater nuck 

s v a w  
fertiiiuer spreadef 

cumvamr 
h a m  packers 

ludueeder 
blade Cullvator 

tandem duc 
d~sc dnll 
swather 

gnin vu& (harvesl, 
gmn mck (market) 

combine O 0 0  0.00 
total I 20254 I 1u.u TU.« 

1944 

hllow 
machinery M J h  
pickup mKk 31.04 

gmn <n>ck (seeding) O M) 

mater huck 270 

SPWW 9 JO 
fertiluw spreader 0.00 

HD cuinvaiar 0.00 
culttvamr 14 00 

hdmiw packers 39.40 
btade wllvator 80.80 
tanaern disc 0.00 

dise  dnll 0.00 
NrJmer 0.00 

grain buck (hwest) 0.00 
gmin mick (market) 0.00 

combine 0.00 
cool 177.34 



Table A-6. Herbicide energy use of Lethbridge, AB rotations (1989-1994) 

1990 

Herbicjda 
S m  

Bucml hq 
Total 

1991 Rotation w3 
~ I I O W  WM Wh.= 

Herbicide MJlha M J h  W h  
HoegrJSsII JJ5.21 4.621 U5.21 

S*P 263.55 263.55 263.5 
Total 708.76 708.76 708.76 

1992 

Herbicide 
Taan 

Haegrass284 
Roundup 
Buclnl k l  

Total 

ROrmon84  - 
UM(*N) 

MJRu 
64521 
263.55 

1993 

Herbiukie 
Torch 

HoegrassZEU 
Roundup 
aucm1 

Total 

- 

n 

R o ~ l l o n U  

w M ( W 4 )  
M J h  
237.94 
185.42 _ _ _ _ - -  
4 2 3 .  

Rotation a 

1994 

Herbicide 
RusUer 

AcriievexGoId 
Toul 

R o a t i m  W3 

- 
' 

WM 
UJh 
237.94 
185.42 

423.36 

h lh~ 1 wh.& 

708.76 

Rotatim 86 

RoIation U 

T 
MJRu 
9232 
26216 
44753 

0.00 

802.0 1 

Rotation W3 

MJRu 
237.94 

18542 
423.36 

Wnu 
155.21 

263.55 

R o W a i U  

w h a t  

MJfia 
9232 
262.16 
46753 
000 

80201 

MI- 

MJha 
9232 
26216 
626.9 
185 -12 

1166U 

RoOHai 84 
whoat(+N) 

UUIii 
9232 

26216 
U 7 . U  
0.00 

709.69 

fallow 
MJha 
9232 
26216 
625% 
185.42 
1074 12 

Romion 83 

W h  
237.94 
185.42 
423.36 

l m c i ~  
MJha 
0.00 

263.55 

wtœat 

MJha 
92.32 

26216 
447.53 
0.0 

BOLOl 

- 

Iallow 
MJlha 
261 78 

O W 
26178 

R-88 

7708.76 

) 
M J M  
US.2; 

263.55 

RoWon SS 

whmt 
MJha 
9232 
26216 
L17.53 

o. w 
709.69 

bi(orr 

MJI)U 
237.94 

185.42 
a . 3 6  

MJnu 
JoS 21 
263 55 

263.55 

wtuat  

lKlRu 
4C521 
263.55 

hMow 
MJfia 
9232 

26216 
447.53 
0 0 0  

80LOl 

Ranion U 

w h a t  

WJfia 
9232 
26216 
447.53 

0.00 
709.69 

Rotatim lg 

Romion W 4  

wtœatpN) 
M J h  
0.00 

779.53 
719.53 

wMat  

M J h  
0.00 

719.53 
719.53 

1 Rddlon .I 

708.76 

W~UI(*N) 

MJha 
ti5.21 
2a1.55 

bntil 
MJha 
O00 
O00 

U 7  53 
000 
-7.53 

hl low 
MJllu 

9232 
26216 
447.53 
0.00 

709.69 

Roblioo U 

wheat 

MJha 
0.00 

719.53 
719.U 

whUC1ON) 

YJnU 
237,s 
185.42 
423.36 

' WiI 

W/)U 
237.40 
0.00 

237.95 

708.76 708.76 

WMII (+N) 

MJRu 
9232 
26216 

U 7  53 
0.00 

i3OZOl , 

Çnlil 

M J h  
0.00 
0.00 

L17.53 
o w  

447 53 

W M ( + N )  

U J l h  
U7.94 
185.42 
423.36 

708.76 ' 

w k a t  (*N) 

MJRU 
9232 
26216 
U 7  53 

000 
80201 

whoat 
M J h  
9Z32 

2 6 2  16 
447 53 
0 0 0  

whmt (*N) 
M J h  

9232 
26216 
447 53 
0.00 --- 

709.69 

Rotation W 6  

~k.n 
MJmi 
237.94 

185.42 
423.36 

wh.11 (*N) 

MJha 
9232 
26216 
U7.53 
000 

wh.R(*N) 

MJRU 
9232 

262.16 
64753 

0.00 
709.68 

w b a t  

MJRia 
9232 

26216 
J-rT.53 
0.00 

7W 69 

b l low 
MJma 
26 1.78 

0.00 
26 1.78 

Roblion U 

uhoa(*n) 
W h  
237.94 
185.42 

423.36 

ao;r01 1 80201 

whut(*N)  

YJha 
9232 
262-16 
447.53 
0.00 

709 69 

h t i l  

MJihd 
261 73 
0.00 

261 78 

w M a t  (+Nb 
MJha 
0.00 

719 53 
719.53 

---. 

whoat i*N) 

M J b  
0.00 

719 53 
719.53 

wimat 

MJ- 
0.00 

--p. 

719.S 
719 53 

whaat (+NI 

M J h  
0.00 

719.53 

719.53 



Table A-7. Fertilizer energy use of Lethbridge, AB rotations (1989-1994) 

N 

PA', 
total f e h  enerw 

M J h  
OM) 
0 0 0  
0.00 

MJRu 
J11.91 
3~2.11 

734.01 

MJRu 
411.91 
32211 

734.01 

1 J 
4172.29 
xzrt 
4494.41 

M J h  
000 

0.00 
0.W 

M Jha 
417229 
3 z t t  

4494.41 

M J b  
4 1 7229 

= r i  

UPI.41 

1 MJJW 1 MJha 

:"pl 1 411  91 411 91 411.91 

322.~1 m.11 
734.03 73.4 t u  7 u  01 



Table A-8. Totai rotational energy use of Lethbridge, AB rotations (1989-1994) 



Table A-9 Seed energy use of Swift Current, SK rotations (1987-1995) 

1989 

Meat 
IenOl 

total 

1940 

weat 
lentil 

total 

R w i o n  m 

1991 Rotalm m 

1992 

vheat 
leml 
total 

h l luw 

MJha 
O00 

000 

0.00 

Rœatlon m 

h ~ ~ a  w Mat 
MJha M J h i  

meat o w  53200- 
tennl O00 O. 00 

total 0.00 U t 0 0  

1993 

Meat 

bnnl 

total 

R o t l l a n  m. 

h ~ ~ a  

MJi lu 
0.00 

0.00 

0.00 

RaUiioniG 
rhwat 
M J m  

x32w 
0.00 

43200 

w b a t  

MJha 
*32w 
0.00 

U L 0 0  

R e t i m  82 

1995 

wheal 
lennl 

total 

- 
r rh.~ 

Wmi 
432 00 
000 

a 0 0  

!amen   MUR 

MJRu 

O. 00 
7 3 3  Ml 
t~a.68 

Raal im86 
w h a l  
MJha 
432.00 
O 00 

43200 

R œ a t i a i  .Z 

q w n  manum 
MJJlu 
0.00 

133.68 

131.68 

Rataion .i 

r i k a t  
M J m  
43ZW 

0.00 

43200 

w h a l  

M J h  
43200 
0.00 

43200 

wnn nunum 
W h  
O00 

133.68 

11x68 

43200 

Iallua 

MJfia 

0.00 

0.00 
0.00 133.68 

Rotaiai  8l 

R o W a i M  
w h u t  
kWh 
UZM) 
O00 

UTW 

rimat 
Y J h  
43200 
0.00 

u z w  

WM~I 

W l h a  
43200 

0.00 
O 2 0 0  

w h a t  
M J h  
a2.w 
0.00 

W Z W  

RoQtima6 
wh.at 

MJha 
u 2 0 0  
0.00 

Relation 12 

fallow 

MJ- 

O00 
O. 00 

0.00 

Rotation S l  

A 

WM 
UJha 
43200 

000 

u 2 0 0  

W h X  

WIha 
53200 

0.00 
(3200 

rh8at 

MJha 
43200 

O. W 

U 2 0 0  

whaat 

MJllu 
4 2 0 0  
O00 

uzm 

grnn manufo 
M J M  
0.00 

733.68 
432-00 

Rotation 16 
whoat 

M J h  
43200 
O00 

4u.m 

Rotation 12 

hlla 

M J h  
0.00 

0.00 

0.00 

1 wimat 

MJha 
53200 

0.00 
432.00 

9 h a <  

MJma 
55200 

0.00 

432.00 43200 

wh.X 
MJllu 

03200 
0.00 

U Z W  

wnn  mnum 
M J h  

0.00 
13568 

1~3.68 

~ o m i m  n 
wheat 

MJha 
43200 

0.00 

l lLw 

~ o ~ o n  *L 

w h a t  

MJha 
43200 

0.00 

w h a t  

MJRu 
43200 
0.00 

U T 0 0  

w h a t  
MJha 

43200 
O00 

43200 

w n n  manum 
M U h  
0.w 

133.68 

133.68 

r imat 

MJnU 

33200 
0.00 

whoat 

M J M  
33200 
0.00 

432-00 

w h a t  

MJha 
43200 

0.00 
43200 

whmt 

MJha 

c c 0 0  
0.00 

U Z ~ O  

w b a t  

M J b  
43200 

0.00 

l t t o o  

w h a t  

M J h  
33200 

0.00 

432-w 



Table A-1 0- Fuel energy use of Swift Current, SK rotations (1 987- 1989) 

gran intdr (seeding) 0.00 9 0 4  904  

Waef tWCk  14.90 44.70 44.70 

S P W  32- 9750 97 M 
blade cultivatnr 573.80 0.00 0.00 

d i x  dnll 0.00 116.10 116-10 
iandem d i x  0.00 0.00 0.00 

swamer 0.00 13210 IJTtO 

grain Vuck (hawest) 0.00 655 1 49.63 

gnrn rruck (market) 0.00 134.76 10209 
ambine 0.00 180.75 136.93 

I O ~ I  720.51 0fof0n 7a7.40 

mchinsry 
p1ckup hwk 

grain mick (seeding) 
water truck 

SDraWr 
blade culbvator 

disc dnll 
d w e e d e r  

HO cultivamr 

h a m w  packers 
.%amer 

grain hrck (harvest) 

gmn mck (market) 

I combine 1 0.00 II II - - 

lotal 81291 009.50 1 a a t l  1 W.05  1 696.14 631.69 637.44 

combine 1 0.00 236.83 236.83 II 0.00 21221 226.86 24298 
lotal 1054.81 1 1193.07 1 tlü0.N II 74515 1 1145.03 1 1152UI u lliï.31 

1989 

rruchinery 
pickup bu& 

gain ÿuck {seeding) 
waer mi& 

SPaYW 
blade culmator 

dsc dnll 

Bndm disC 
HD culüvaîor 

narrwr packers 0.00 76.60 76.60 0.00 76.60 76.60 76.60 
swaiher 0.00 132.10 13210 0.00 ln 10 l a 1 0  132.10 

g-n-(h--U 1 0.- 1 W.- 1 8584 1 ;: 1 76.91 1 - 1 88.07 1 
grain auck (maxicet) 13-76 10209 120.27 108.07 110.62 

Rmtion 81 

hllow 
MJha 
99.3 1 

O. 00 
29.80 
65.00 

860.70 
0.00 
0.00 
0.00 

R o W a i  mi 
wfuat  
MJm 
99.31 
9. W 

29.80 
65.00 
0.00 

116.10 

0.00 
207.70 

R m i m  82 
whmt 

M J I h  
99.31 

9.W 
29.80 
65.00 
0.00 

116.10 
0.00 

207.70 

grwn nunure 
W h  
99.31 
90.8 
14.90 
3250 
0.00 

116.10 

266.30 
207.70 

whaat 
MJha 
99.3t 

9.04 
29.80 

65.00 
0.00 

116.10 
0.00 

207.70 

w b a t  
M J h  
99.3 1 

9.04 
29.80 
65.00 

0.00 
116.10 
0.00 

207.70 

rhoat 
MJnU 
99.31 

9.04 
29.80 
65.00 
0.M) 

116.10 
0.00 

207.70 



Table A-1 1 , Fuel energy use of Swift Current, SK rotations (1990-1 992) 

nnchimry MJIhr 
VitkUP Gu* 99.3 1 

grain h c k  (seeding) 0.00 
water (nrck 29.80 

SPfayec 55.00 
Made ailwafor 286.90 

disc dnn 0.00 
tandem d i s c  0.00 

swa~ler  O m  
grain mick (harrest) O. W 

grain huck (market) 0.00 
combine 1 O. W 323.37 336.81 O00 29629 1 34427 

ratai 411.01 1 1026.69 101232 490.75 97529 j 102L46 102922 

hlla 
MJRu 
99.3 1 
0.00 
74.50 

t62.50 
286.90 

O. W 
0.00 

0.00 
0.w 
0.00 
0.00 
0.00 

0.00 
623.21 

gwn mick (seetTing) 
w t w  huck 

S P n y e r  

b W e  culûvaïor 
dsc dniî 

HO cullivaar 
roaweedef 
taMem disc 

swather 
grain h c k  ( h a m e s )  
grain vuck (market) 

combine 



Table A-12. Fuel energy use of Swift Current, SIC rotations (1993-1995) 

nuchinmry 
PlCkuP mKlc 

gram truck (seeding) 
-ter m ~ k  

s v w  
Made cuitivafnr 
h m  packers 
Hl3 gtlnvamr 

disc dnll 
taMem disc 

lemlirw spreader 
swaher 

9- (nrck (hwest) 
gram truck (market) 

nuchimy 
Pidrup Uua 

gmn truck (seedïrq] 
-ter m a  

SpraVer  

dix dnll 
HO culfivator 

h- dravhar 

blade cul~vamr 
swaher 

grain truck (haruest) 
gram au& (market) 

combine 
total 

MJRu 
9931 
0.00 
59-60 
130.00 
573.80 
0.00 
0.00 
0.00 
0.00 
0.00 
O. 00 
0.00 
0.00 

UYni 
99.31 
0.00 

59.60 
130.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

281-91 

UJh0  MJRu YJRu 
99.31 99.3 1 99.31 
9.04 9.01 9.00 
14.90 29 80 29.80 
3256 65.00 65.00 
0.00 000  000 

116.10 116.10 116.10 
266.30 0.00 0.00 

0.00 JlS.40 415.40 
0.00 fU .20  0.00 
0.00 0.00 0.00 
0.00 132.10 t32.10 
0.00 l S t . 3  726.45 
0.00 120.27 108.07 
0.w 417.65 ~ 8 . 8 ~  

5U.15 170924 1450.13 

1995 

mchinery 
DidrUP VuCk 

gmn truck (seeding) 
waler mck 

Wray- 
blaae culnvamr 

drgc dnll 
tandem disc 

HD pithvalor 
h m  pack- 

md d e r  
SwJVlW 

gain mtck (haves:) 

grain truck (marres) 
combine 

loWI 

MJRu 
99.31 

YJlh 
99.31 
9-04 

44-70 
97.50 
0.00 

116.10 
76.60 

207.70 
13210 
159.01 
134-76 
W8.70 
1515.SZ 

Rotatiacl Ii 

YUh 
99.31 
9.04 

44.70 
9750 
0.00 

176-10 
0.00 
0.00 

13210 
105.i6 

102W 
29 1 .24 
997.- 

w h n  

MJm 
99.31 
9-04 
29.80 
6500 
0.00 

116.10 
0.00 

415.40 
0.00 
0.00 

13210 
12f87 
10209 
35278 
1449.49 

failn* 
MJRu 
49.31 

0.00 
44.70 
97.50 
573.80 

0.00 
0.00 

207.70 
0.00 
9240 
OC0  

0.00 
0.00 
0.06 

1115.41 

I*lm 
99.31 

9.04 
44.70 
97.M 
286.90 
116.10 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
aSW5 

-Mac 
U J h  
99.31 
9.04 

29.80 
65.00 
0.00 

115.10 
0.00 

415.40 
153.20 
92-60 

13210 
146.23 
134.76 
403.53 

179a7T 

YlRu 
99.31 
9.01 

4 .70  
9750 
0.00 

11a10 
0.00 
0.00 

13tlO 
119.81 
120.27 
330.56 
106919 

W h  
99 31 

9.04 
44.70 
97 M 
0.W 

116.10 
0.M) 
O. W 

13210 
96.04 
108.07 
264.97 
961.82 

YJnu 
99.31 
9.04 

44-70 
9750 
0.00 

116.10 
0.00 
0.00 

l P l 0  
103.81 
1i0.6Z 
286.40 
99s- 



Table A-13. Machinery energy use of Swift Current, SK rotations (1987-1989) 

I 1 I II t I - - 

combine 0.00 29.57 Pr0 0.00 26.39 23.71 24.27 
loml 12- 1 220.91 191.B3 i71.64 1 2 a M  1 244.11 215.12 

rmchïnory 
pickup mck 

gnin uuck (seediq) 
vafer huck 

5p-W- 
made cilrivator 

ciiic dnll 
md m e r  

HO culiivomr 
~ m m p a e k e r s  

swather 
gain lruck (harvest) 
grain truck (market) 

wmbme f 0.00 1 25.93 1 8.9T I II 
total 147.74 1 205.W 16432 II lfU& j 180.04 1 166.05 167.39 

hllm 
machinery MJha 
pickup auck 3t.w 

grain kucir (seeding) 0.00 
waler hauling 5.40 

spraver 18.80 
Made culhvator 121.20 

01% dnll 0.00 
tandem disc OM) 
no niIlivator 0.00 

hanowpatkers 0 0 0  
swather 0.M) 

gmn mck (harues11 0.00 
gram truck (market) 0.00 

combine 0.00 

<OUI 176.44 

M J h  MJIna 
31.00 31 04 

290 290 
5.00 5.40 
18.80 18.80 
0.00 O O 0  

1i 30 34.30 
0.00 0.m 
au, 2240 
19.70 19.70 
29 60 29.60 
24.47 26.16 
325 1 29.21 
34.72 37-11 
255.W 256.63 



Table A-1 4. Machines. energy use of Swift Current, SK rotations (1 990-1 992) 

machinery 
PlckUP mick 

gram mick (seeding) 
waler truck 

sprayer 
blade culüvalor 

41% dnll 
tandem d i i  

%mer 
grain truck (hamesi) 
gmin mck (market) 

combine 

1990 

mchinary 
ptckup truck 

gram bu& (seeding) 
WJwlruOC 

s o a ~ e r  
Made wlhvator 

C i  4nIl 

Pdndem etse 
salhw 

gratn mi& (harvest) 
grain bu& (market) 

combine 

tata[ - 

RoQkn8l 

I 1992 

machinery 
pifkup Vu& 

gram mick (seeding) 
WtW uirdc 

S P W W  
blade culbvaior 

d ~ c  dnll 

HO aiIlivacor 
rodweeder 
tandem dise 

~walher 

grain mick (harvesll 

grain mck (markel) 
combine 

total 

hlla 

WJitta 
31 04 

O00 
270  
940 

80 80 
0.00 
O00 
O00 
O00 
O. 00 
0.00 

123.94 

WM 
lLUh 
31.01 
290 
5.40 

18.80 
O00 
34-30 

0.00 
29.60 

34 93 
36.43 

49.56 
242% 

Roralion .1 

wnut 
yu)i. 

31.04 

290 
5.40 
18.80 

0.00 
34.30 
000 
29 60 
26.77 
27.60 

37.97 
n4ft 

hllow 

M J h  
31.04 
0.00 
13.50 
47.00 
40.40 
0.00 
O. 00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

131.94 

Rotation 86 

w h m i  
MJYJRu 
31-04 

250 
8.TO 
28 20 
O. 00 
Y.30 
0.00 
0.00 
D 4 0  

29.60 
18 QI 

29.90 
26.87 

Rotaian 82 
what 
MJRu 
31.04 
290 
8.10 
28.20 
0.00 
Y .30 
0.00 
2x80 
2240 
29.60 
41 48 
36.43 
58.84 
317.09 

gmn m n u m  

YJltu 
31.04 
2 9 0  

270 
9.40 

40.40 
34.34 

50.90 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 -- 

~ b a t  
M J h  
31.- 
290 
8.10 
28.20 
0.00 
Y.30 
0.00 
0.00 
0.00 
29.60 
2289 
27.W 
3247 

217.10 171.M 2 7 5 s  232.25 

KIha 
31.04 
2 9 0  
5.40 

18.80 
0.00 
35.30 
0.00 
=.BO 

22-40 
29.60 
30.92 
32.5 t 
53.86 

w h a t  
MJma 
31.0.5 

240 
8.10 
28 20 
0.00 
34.30 

0.00 
0.00 
0 . 0  
2950 
18.9) 

29.21 
26.87 



Table A-1 5.  Macùïnery energy use of Swift Current, SIC rotations (1 993-1 995) 

nuchimry 

P-P mKk 
grain huck (seeding) 

warermick 

SPrayw 
disc dnll 

HD wlfrJator 
h- dravvbar 
bbde ailtivamr 

-mer 
grain buck (ha~vesl) 
grain mck (markël 

combine I ow I 71.~7 l 47.65 II 0.00 %.Cg I 4x35 
total 79.44 usos  1 21297 1 14.94 1 za.rs 1 23726 

grain bcic (seeding) 
wwmck 

SPrayer 
Slade culhvaar 
hamm packers 
HD cultivamr 

d~scdnll 

tandem disc 
fernluer spreader 

swather 
grain mck (ha~eS1) 

gmn vu&. (mafiter) 

1 1 0.M) 1 38.78 1 45-06 
1 ~ 1 2 4  1 zss.49 1 2a.w (1 155.74 1 z s r n  1 ~(0.82 

R o W a i . 1  

machinery MJIM 
PlckUP V u e  31 04 

gmrn lruck (seeding) 0.00 

m l e r  mick 8.10 

sPf='/er 28.20 
bide culIivaior 80 80 

aisc dnll 0.00 
tandem dise 0.00 
HO cultivamr 22.40 

h a m  packers 0.00 
roQ weeder 23.80 

swather 0.00 
grain mck (harvest) O00 
grain mdr (market) 0.00 

combine O 0 0  
lotal 194.34 

ïahw 
M J I h  
31.00 
0.00 
10.80 
37.60 
80.80 
0.00 
0.00 
0.00 

O. W 

0.00 
0.00 
0.90 
0.00 
0.00 

w b a t  
MJlhr 
31.04 
290 
5.40 
18.80 

o. W 
34.30 

0.00 
44.80 
19.70 
o. 00 

29.60 
29.99 

36.43 
4254 

w h a t  
MJRia 
31.01 
290 
5.40 
18.80 
0.00 
34.30 

0.00 
2240 
19.70 
0.00 
29.60 
23.26 
27.60 
33.00 



Table A-16. Herbicide energy use of Swift Current, SK rotations (1989-1991) 

1918 

Herbtcib 

RouMup 
Hwgrass Il 

2-44 ester 
Tom1 

1990 

Herbicide 

2.4-0 ester 
Toc3 
Toial 

1991 

Herbicide 
Roundup 

Banvel 
2-GD amine 

Rli~Uer 

Laser 
Tom1 

- 

R o W a  11 

RDUUW W 

faIlor 
MJRu 
0.00 

0.00 

T26J 
7264 

Romfm 82 

fallgw 

MJha 
85.71 

0.00 

84.71 

RMation S l  

'j 
grma  numm 

MJRu 
0.00 
0.00 

72.64 
7264 

Roiation 86 
w h a t  

MJRu 
t81 .a  

fT.00 
258.48 
P. 

A 

Rdnion 82 

fallow 
MJiha 
U7.71 

99.55 
60.6s 

9060 

000  
698.51 

RoDllon.6 

w k a t  
M J l h  
O. W 

ro253 
ZL6d 

515.17 

w k U (  

MJIm 
59.67 
44253 
7264 

574.84 

whiat  
MJRu 
181.48 

1i.00 

258.18 

g m n  manum w h t t  
M J h  M J b  
84.71 181.48 

0.00 7700 
W.71 258.J8 

* Rofatian .Z RotaUanl6 

w h m t  
MJha 
0.00 

44253 
R 6 4  

515 17 

w b a t  wfœat I YJRu MJRu 

w h i n  
M h  
181.48 
77 00 

258.48 

w k i t  
MJRu 
181.48 
7 7 . 0  
258.48 

w h a  
MJRu 
447.7 1 
99.55 
60.64 

0.00 

175 32 
783.22 

grnn rriinur8 
MJRu 
0.00 

0.w 

0.00 

0.00 

0.00 

0.00 

0.00 

44253 
7264 

515.17 

w k a î  
MJha 
U7.71 
99 55 
60.64 

0.00 

175 32 

783.22 

1 0.00 

44255 
'1264 

515.17 

w h a t  
MJlb 
447.71 

99.55 
60.64 

0.M) 

175.32 

783.22 

wheat 

M J h  
447.7 t 

99.55 

60.64 
0.00 

175.32 

783.22 

wheat 
MJha 
557.71 
99 55 
60.64 
0.00 

175.32 

783 22 



Table A-1 7. Herbicide energy use of Swift Current, SK rotations (1 992-1995) 

1991 R o P U a , . 1  R Q d i m  82 RoDoon 86 7 

w M  w M  w M  w h w t  
Herbicide H J h  MJha MJRu MJlh WnU W h  YJRu 

Rusflrr 1 4 4  % 0.00 0.00 Ra 000 0.00 0.00 

Z M  ~SIW 7 4 . 9  74 57 74.51 74 .S  74 57 74.57 74 57 
Rounüup 447.7 1 447.71 4J7.71 647.71 Ld7.7T 447.71 UT.?! 
Puma 0.00 2729 2728 0.00 27.28 

1994 

Herbicide 
Rusder 

5- 
2 .W mine  

Roundup 
2.- ester 

Puma 

Buetnl te1 

Total 

2.- ester 74.51 1 74.51 1 74 51 II 7451 1 74 51 1 74 51 II 74 51 
Tou l  1 370.72 287.21 28721 7451 287 21 287 21 28721 I 

1995 

Herbicids 
RounQup 
Rusder 
Puma 

B U ~ I  rr 

- 
R o u U m  8l 

Rotaiion tl 

Rotation rn 
w h a t  
Y J h  
0.00 

O. W 
0.00 
0.00 

74.57 
27.28 
18542 
187 27 

h~~o*r 

MJRu 
a 4 8  

263.66 
60.64 

Uf.71 
74.57 
0.00 

0.00 
919.06 

fallow 
MJRu 
223.76 

0.00 

0.00 

- 
Romion 82 

Rocnion 82 

wmat 
I Y J b  
0.00 

0.00 

0.00 

0.M 
75.57 
2728 
185.42 
287.27 

man manu- 
W h  
0.00 

0.00 
0.00 

447.7 ;rt 

7 4 . 9  
0.00 

0.00 
52228 

Y 

whiat  

W b  
0.00 

0.00 

2728 
185.42 

ptrn manurm 
MJRu 
000 

O. 00 

O. 00 

o. 00 

wtœa 
Wl)u 
0.00 

0.00 

O00 

0.M 

74.57 
27.28 
185.42 
287.27 

RoOtion86 
w b a t  

MJha 
O. 00 

0.00 

27.28 
tas.42 

whmt 
WRu 
0.00 

0.00 
27 28 
185.42 

w h . a  
M J h  

O. O0 

0.W 

0.00 

0.00 

7J.ST 
27.28 
185.42 
287.27 

wh.at 
M Jiha 
0.00 

0.00 

27.28 
185 42  

ribat 

YJRu 
0.00 

O. 00 
O. 00 

0.00 

74.57 
27 28 
185.42 
287.27 

Wh.* 
MJRu 
O. 00 

0.00 
27.28 
18.5.42 



Table A- 1 8. Fertilizer energy use of Swift Current, SK rotations (1987-1 991) 

1987 

N 

"2% 

tahl f m ~  wnwgy 

1988 Rataiai 8l 

1989 

N 

pz% 

i Rm(kn.1  

394!ï.M 

- 

h ü a  W W  

Y m u  W h  
O. W 

"$5 0.00 163.53 
IO<al hR mMrw 0.00 lSS.96 

~ o m i o n  m 7 Raation 82 
blla m ~ h ~ . t  
MJRu MJha Ki rn i  

000 937 07 2875 58 209.12 3908.73 

0.00 163.53 163.53 

1411.18 
109.02 

1801.44 ---- 763.53 
0.00 

163 53 
1046.10 

163.53 
303s-11 d 407227 

f 1990 

N 

P2°5 

toial fen. energy 

hlla 

MJh 
000 

0.00 

0.00 

ROQtlOnR RaœirnM 

407491 4 Q S r J Z  

wlnat  
M J k  

1371.12- 1743.66 
163.53 

190720 

R o W o n n  

ZW4-71 

YMu 
23226 
181.7t 

414.07 

- 
grmm npnum 

M J k  

16353 
37266 

R o W o n f l  1 Rdn ion  m2 

r ima 
uuh. 
4198.75 
21 8.05 

uian 

Ramona6  
wbat  
Y J h  

983.99 
16353 

114733 

1778.05 

w w  
I i t J Ih  

U78.93 

18f.71 

l(l0o.u 

~hin 
mm 

3727.75 
218.05 

Wnmt 
W h  

---.P. 1751 26 
163.53 

1914.80 

R m l o n  $6 

w b a t  

MJnU 
89283 
163.53 

10SS.37 

6 1 i w  

MJRu 
0.00 
0.00 

o. W 

w M  w ) H  
Klma W h  
3856 89 3875.62 - 
218.05 181 71 

r i m a  
MJaa 
1743.66 
f 63.53 

1907.20 

wtmat R wtmat 

1991 

N 

p.&% 
IOiaI ferL energy 

wh.at 

YJrni 
1614.52 
163.53 

WJnu 
930.81 
163.53 

1094.35 

232790 

Roiaîion Si r 

UW.40 

i a l l a  
MJha 
0.00 
0.00 

M J h  
680.12 

163.53 
843.66 

MJha 
183.78 

153.71 

327-49 

M J h  
1166.31 

163.53 
1329.85 

0.00 

w h R  
M J M  
1694.34 

208.14 

, 

RogUon n 
wtnat 
M J h  

420 1.27 

W h . R  

MJha 

M6l.76 
208.1 4 

Rd;ition n 

208.14 
1 W Z U  

g n n  mnuro 
M J h  
O. W 

0.00 
0.00 3269.ô9 [ 

w h . n  
MJha 

2408.44 

Zlltl. 14 
2616.57 

whmal 
W h  

21 19.76 

208.14 



Table A-1 9. Fertilizer energy use of Swift Current, SK rotations (1 992-1 995) 

'=A 1 0.00 1 208.14 1 208.14 II 208.10 208.14 208.14 208.14 
total f e e  energy 1 0.00 1 "û3.9â 1 31103  1 47129 na49 1 32'6.71 1 3323.07 

1993 

N 

"$5 
total f e h  energy 

Rotation #ï 
~ ~ I I O W  

MJma 
0.m 
0.W 
0.00 

p. R M l o n  82 1 R o M i m M  
grnn m u r a  

Yyh 
0.m 
0.00 
0.00 

w k a t  
MJha 
z~w.98 
ZOE-t0 

27%-12 

wœat 
UUh 
3608.~ 
208+14 
38l8.05 

rrh.at 
M h  
2362 86 
Mal4 
257099 

w h u t  w h a t  
MJha M J R u  
3608.72 BôT.17 
208.W MB.14 
Jal6.06 1 36953  



Table A-20. Total rotational energy use of Swift Current, SK rotations (1987-1995) 

1987-1 995 
(al1 phases) 

seed 
m n e r Y  

fuel 
herhrade 
fertilizer 
lotal 

al1 phases 
pcr rotation cycle 

seed 

m n e r y  
fuel 

herbiode 
lemruer 
lolal 

F-W-W 
MJrm 
m s m  
55466û 
26645.00 
1261200 
50808.70 

10338a.38 

per 3 year 
rotalion cycle 

seed 
rnachinwy 

fuel 
herbtade 
ferblizer 
total 

LW-W 
MJnu 
259200 
1tuaaa 
8881 67 

4204 01 
16936 P 
34462.79 

GY-W-W 
YMU 
8979.12 
5455.47 

25515.6? 
9925.70 
54746.41 
104uo.m 

F-W-W 
MJIha 
801.00 
616.29 

2960.56 
1401.51 
5605.a; 
11 4ô7.M) 

GM-W-W 
Mlma 

29cG.ad 
1 8 x 7 ~ ~  
8525 Z? 
3308.57 
18258 98 
HOS3.63 

" 

- 

c m t w  
~ J h a  
5888.00 
2053.71 

925233 
J2W.10 

27556 56 
47010.W 

- c m w  
HUha 
3888 00 
20~3 71 
925233 
J260 10 
27556.56 
47010.W 

GM-W-W 
M Jma 
997.68 
o05.W 
2&11.7S 
110286 
608239 
1163121 

cmiw 
M m  
1295.00 
6E.I 57 
3081.11 

14M.03 
9185.52 
1561023 



Table A-21. Seed energy use of Indian Head, SK rotations (1993-1998) 

1997 

saed 

wheat 
alhifa 

bmmegrass 

tata l 

Rctationtl 

wheat (-4) 
M J m  
967 68 
0.00 

0.00 
967.a 

i Romlion LZ 

wtmat pi) 
W h a  
S7.68 
0.00 
O. 00 

967.W 

Rotation U 
fallow 
MJma 
0.00 
O00 
0.00 

1 0.00 

what 
MJmi 
967.68 
0.00 
0.00 

S7.W 

what  
MJha 

967.68 
0.00 
0.00 

967.- 

M J h  
o. W 
o. W 
0.00 
0.00 

w 
MJha 
0.00 
64.59 
o. 00 
6439 

h iy  
M J h  
0.00 
0.00 
0.00 

0.00 



Table A-22. Fuel energy use of Indian Head, SK rotations (1993-1995) 

truchim~y 
p a u p  mnidr 

gran mck (seedmg) 
-ter truck 

SPrsrw 
dacdnn 

tncmerfmmimner 
baier 

nwamw 
gram truck (harvest) 
g m  mick (market) 

1995 

machinery 

PICkUP ImCk 

grain truck (seeding) 
a t f f  (Nck 

SPWW 

d s c  dnll 
-Iconditioner 

baler 
swaiher 

grain mick (harvest) 
grain mck (market1 

RaationSl 
wtnat (4 

M J l l u  
99.3 1 

9.W 
74.50 

16250 
116.10 
0.00 
0.00 

13210 
5424 
11 1.57 

- 
Ro(niar .2  
w b a t  (-0 

U J h  
99.31 
9.04 

59.60 
13O.W 

116.10 

0.00 
0.00 

132.10 

145.33 

298.95 

'. R o t a  
hlla 

MJha 
99.31 
O O a  
U.70 
97.50 
0.M) 

0.00 
O00 
0.00 
O. 00 
O. 00 

w b a t  
W h  
99.31 

9.04 
74-50 

16250 
116.10 

O. 00 
O 0 0  

132.10 
110.16 
226.60 

whmat 
Wl?u 
99.31 
9-04 

44.70 

97 M 
116.10 

0.00 
0.00 

13210 
96.35 

198.20 



Table A-23. Fuel energy use of Indian Head, SK rotations (1 996- 1998) 

nnchimry MUh 
PtauP auck 4931 

gmn lm& (seeding) 9.04 

Waer h'ud 59.60 

SPrayer 130.00 
d s c  dnll ll6JO 

~ c o n d i ~ n e r  O00 

baiw Ow 
-mer 15210 

gram truck (harvest) 55.34 
grain mck ( m a h i )  1l tSf  

gain mtdr (seeding) 
water uuck 

SPayer 
drsc dnll 

mm.&cwuhuoner 
baw 

nualker 
gain mck (harvest) 
grain mck (mârket) 

mmbrne 1 70.69 
tofdl 494 JI 

machinory M J h  Y J h  
pickup truc* 99.31 99.31 

gmin truck (seeding) 9.04 9.04 
waW h c k  29.80 29.80 

sprayer 65. w 65.00 
disc dnll 116.10 116.10 

morwrimngilioner 0.00 0.00 
bal- 0.m 0.00 

~wather 13210 13210 

grain truck ( h d ~ ~ t )  21.50 110.88 
grain vu& (market) 44.22 228.08 

combine 59.27 305.67 
total 43ô.19 951.11 

hlla uhoat wtmn h;iv b~ W 
MJl)u Y J l h  Y J h  M J h  MJ* MJiha 
99.31 99.3 1 99.3 1 99.31 99.31 99.31 

0.00 9.04 9.OJ 9.04 0.00 0.00 
59.60 44.70 44.70 0.00 0.00 14-90 
130.00 97.50 47-50 000 0.00 3250 
0.00 116.10 116.10 116.10 0.00 0.00 
0.00 0.00 0.W 167.10 167.10 16T.10 
0.00 0.00 0.00 43.40 167.10 140.50 
0.00 13210 13210 OW 0.00 0.00 
0.00 26.30 58.55 43 69 168.09 141.32 
0.00 Y.1 t 120.44 09.88 345.78 290.71 



Table A-24, Machuiery energy use of Indian Head, SK rotations (1 993- 1 995) 

' 
gmn bu& (seeding) 

-ter truck 

SPrayer 
d i  dnn 

mOverlcoodiiioner 
b a h  

marner 
grain huck (harvesl) 

gmn iruor (maricet) 

cnrnbine 

mchinery M J R u  

pickup m a  31.04 
grain buch (seeding] 290 

wter 5.40 

WraYer 18.80 
dûc dnll 34 30 

moweriwndiboner 000 
saler 0.00 

swamer 29 60 
grain truck (harvest) 7 49 
gram iruck (rnarûer) 13.10 

mmbine I 10.63 

total 1 t13.92 

1995 Rotation W 

wkat (4) 
Rotation 88 

hllow ~ h . a t  wMat  M Y  h* 
MJRu M J R u  M J h  MJha MJmi MJRu 
31.04 31.05 31.M 31 01 31.W 31.M 
0.00 290 2m 290 o. 00 o. 00 
cf0 13.9 8.10 O W  0.00 0.00 
28.20 47.00 28.20 0.00 000 0.00 
0.00 31.30 24.30 34.30 0.00 0.00 
0.00 0.00 0.00 28.20 28.20 28.20 
0.06 0.00 000 20 do 20.20 15.00 
0.00 25.60 29~60 0.00 0.00 0.00 
0.00 35.05 30.65 31 51 31 16 23.20 
0.00 61.25 53.57 55.07 Y 46 40.53 

0.00 49.72 U 49 0.00 0.00 0.00 
2820 256.92 219.ô2 169.49 134.02 106.94 

I mchinery 
ptckup buck 

grain truck (seeding) 
waler uuck 

SPrayer 
dsc dnll 



Table A-25- Machinery energy use o f  Indian Head, SK rotations (1 996-1 998) 

mmàne I 24.98 U U 9.68 43.18 0.00 o. w 0 0 0  
tool 1 1 7 4 . -  2- 1 1 l M  2- 1 209252 1 203.16 1 2393s 1 20a2, 

machimry MJnu 
pickup tn>dr 3T.W 

gain h c k  (seeding) 290 

-ter mick 8.10 

sprayer 28.20 
d6c &?Il 34.30 

rn~~lrglco~dthoner 0.00 
balw 0.00 

5wavlw 29 60 
grain IN& (harvest) 8.16 
grain mi& (markel) 14.26 

combine 1 11.57 
lofa1 1 12a09 

1991 

rnachinwy 
PiCkup Vuck 

grain h c k  (seeding) 
water mck 

SPraYW 
d i d n l l  

nww?rfmndriioner 

bakf  
swacher 

9t-m h ~ k  (hawesl) 
gwn lruck (market) 

combine 
lofal 

ROPlion N 
whiat  (4) 

MJ- 
31 -04 
290 

5. JO 
18.80 
33.30 
0.00 
0.00 

29.m 
6.64 
t 1 . S  

9.70 
1 1 1 M  

- 
R o U l i a n . 2  

whiat  (+O 
MJlha 
31.04 
290 
5.00 
18.80 
34.30 
0.00 
0.00 

RoWon II 

29.m 
35.28 1 
61.65 
50.05 

229.68 1 

f i l l a  
M J m  
31.04 
0.00 
10.80 
37.m 
0.00 
0.00 

0.00 
0.00 

0.W 
O. 00 
0.00 
37.60 

wh.= 

U U h  
31.04 
290 
a l 0  

28.20 
Y .Y) 

0.00 
0.00 

29.60 
8.37 
14.63 
11.87 

12-7 

w hoaï 
MJnU 
31.04 
290 
8.10 

28.20 
34.20 
0.00 
0.00 

29.60 
18.63 
3255 
26.43 
169.71 

hW 
MJIha 
31 01 

290 
0.00 
0.00 
34.30 
28.20 
9 0 0  
O00 
13.90 
24.29 
0.00 

109.69 

IllY 
HJ!h 
31.04 

0.M) 
0.00 
0.00 
0.00 

28.20 
Y 60 

h;lv 
MJRu 
3 1 .O0  

000 
Z 70 
9 40 
O00 

28 20 
29 10 

000  
U.48 
93.G 
O 0 0  

209.75 

0 0 0  
44.97 

78.58 

0.00 
19025 



Table A-26. Herbicide energy use of hdlan Head, SK rotations (1993-1998) 

1994 

Harbicid. 
Barivd 

250 amine 

2.+0 eslw 
RUSUW 

Roundup 

Taal  

R o W m 8 l  

w k a t  (-0 
MJha 
86.99 
85.4 1 

0.00 
0.00 
0.00 
0.00 

170.39 

r 1995 

Herbicide 
Bucînl M 
RusUer 

Roundup 
2.5-0 
Banvel 

 mess 

RotationII 

w~cP~( - ( )  
MJma 
187.67 
1 2 9 . ~ ~ 1  
m.1 1 
41.70 
40.27 
568.44 

Ratatan82 
w h a t  (-0 

M J l h  
P 

187.67 
0.00 

905.93 
41-70 
40.27 
568.44 

1996 

Herbicide -- 
TOuchdomi 

2-44 
BanveI 

FonreSs 
Rusuer 
Poast 
Toial 

- 

1639.15 

Roation S1 

whoat (4) 
MJma 
317.07 
171.72 
50.27 

568.U 
0.00 
0.00 

1097.51 

Rotition 82 
' whoat (-9 

MJfia 
117.07 
171.72 
40.27 

568.44 
0.00 
0.00 

1097.5 t 

1997 

Herbicide 
Buc(n1 LI 
2.44 

Fomess 
Roundup 

Total 

Rotation #O 

Ratarion..( 

wheal(4) 
M J h a  
187.67 
12266 

568.55 
0.00 

878.77 

1998 

Herbicide 
2.4-0 LV6<M 

Banvei 
Poast 

Roundup 
Pursuit 
Total 

Romlbnl ;~  

w M  (-9 
UJlh 
86.99 

83.41 
0.00 
O. W 
0.00 

0.00 
170.39 

104.15 
1848. 17 

hllgrr 
MJha 
0.00 

Z33.61 
e% 
0.00 
50.26 

0.00 

- 

Rotations2 
wtmat (*O 

MJRu 
187.67 

12266 
5MI.a 
0.00 

878.77 

Roialion Il 
whaat (-f) 

MJIha 
256.42 
47.12 
0.00 
0.00 
0.00 

303.53 

Rotrtim .Z 
w h a t  (*O 

MJRU 
256.42 
47-12 

0.00 
0.00 
0.00 

303.53 

- 
R a W m  #8 

4 

0.00 

736.83 

w Mat 
MJfia 
18767 
1%. 19 

552% 
4 1.70 
49.41 

5a.45 

Robtion U 

hüow 
M J h  
0.00 

17T.R 
0.00 

1358.89 
1530 61 

Roîaîion U 

RoamllUa 

t06.16 
1MX1.07 

wh.* 
MJRu 

' 187.67 

65.41 
793.59 
41-70 
40.27 

568.44 

hlla 
M J l h  
398.61 

12266 
0.00 
0.00 

a9.56 
0.00 

780.83 

wtnat 
MJnU 
187.67 
12266 
568.44 

0.00 
878.77 

hllw 1 w b a r  w h a t  

ml- 
UMu 
0.00 
0.00 

TZ40 
584.56 
0.00 
8201 

738.S 

a 
MJha 
0.00 

0.00 
0.00 
0.00 

O. W 
0.00 
0.00 

M J h  
120.67 

0.00 
0.00 

1558.89 

0.00 
1479.56 

104.16 
' 1801.25 

whr* 

MJha 
317.07 
171.72 
40.27 
568.U 

0.00 
0.00 

1097.51 

M J l h  
187.67 
12266 

568.44 
0.00 

878.77 

b Y  
MJmi 

0.00 

0.00 
156.06 

000 
8.93 

164.98 

MJma 
0.00 
0.00 

0.00 
0.00 
0.00 
0.W 

whu(  

MJRu 
86.99 
83.51 

0.00 
0.00 

0.00 
0.00 

t70.39 

w 
HJRU 
0.00 
0.00 
000 
0.00 

0.00 
0 0 0  

hW 
MJRu 
0.00 

0.W 
0.00 

0.00 
0.00 
O. w 

w 
MJha 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

MJRu 
317.07 
171.72 

40.27 
568.44 

0.00 
O.GO 

1097.51 

MY 
MJha 
0.00 

0.00 
0.00 
0.00 

0.00 
O. 00 

MU)u 
256.42 
57.12 
0.00 

0.00 
0.00 

333.53 

hW 
MJllu 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

h W  
M J l k  
0.00 
O. 00 

0.00 
0.00 
0.00 
56.75 
56.75 

MJha 
256.42 
57.12 
0.00 

0.00 

0.00 
303.53 

WM 

MJha 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
O. 00 

0 .M 
0.00 

000 
0.00 

'-Y 
M J h  
0.00 
0.00 
0.00 
O00 
OQO 

M J h  
0.00 
0.00 
0.00 
0.00 
000 

O. W 
0.00 

MY 
MJ&a 
0.00 
0.00 
0.00 

0.00 
0.W 

hv 
MJha 
0.00 
0.00 
0.00 

0.00 
O. W 
O. W 
O. 00 

iuy 
MJRv 

O. 00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

iuv 
MJnU 
49.95 

0.00 
0.00 
0.00 

-96 
0.00 

50290 



Table A-27. Fertilizer energy use of Indian Head, SK rotations (1993-1998) 

1994 

N 

p z 0 5  
tom1 hh e n w ~  

1995 

N 

' '205 
lofal ha e n e r ~  

~ o ~ ( k n  n 
w w  (-0 

~ ~ l h  
O00 
0. W 
0.00 

1997 

N 

p z 0 5  
rotai r e n  enerw 

1998 

N 

p z 0 5  
total fan. enargy 

~ a ~ a i l i  
wh.m t.3 

wnu 
67% 38 
259.18 
7054.55 

R o ~ i 0 n . l  

.*bac (4) 
M J l u  
0.W 
000 
0.00 

Rotrtlai U 

Ro<Jtion tl 
whmt (4) 

H J b  
0.00 
0.00 
0. W 

Rotalion C1 

whmt (4) 
M J h  
0.00 
0.00 
O. 00 

~ o ~ a a i m  

R ~ a i a i R  
whUt (4 

MJRu 
6936.73 

25274 
7f W.47 

hila 
MJRU 
O 00 

000 
0.00 

RW(ion 0a i 

h n a  
M J ~  
O W  
O00 
0.00 

- 

' 

f 3 1 b  
M J n u  
0.00 
0.W 

0.00 

Rotaion 8ï 
w h . a  (4) 

MJBu 
4115.15 

218.05 
4JU.19 

R m t i o n  #2 

w m a t  (+Q 
MJ- 

5758.78 

237.87 
S I K S  

w h a t  

KlnU 
O00 
000 

O. W 

Rotation #û 

whu< 

wma 
0.00 
0.00 
0.00 

hv 
W h  
000 
am 
0.00 

whoa 

M J m  
000 
0.00 
0.00 

~ I I O W  

MJRU 
O. W 
0.00 
0.00 

hir 
Y V ) ~  

O00 
O. W 
0.00 

w ) W t  
M J ~  
0.00 
0.00 
0.00 

wheat 
MJl)u 
0.00 
0.00 
0.00 

'=Y 
Wma 
0.00 
0.00 
0.00 

h t y  
MJnu 
3.00 
0.00 
0.00 

"w 
W h  
0.00 
000 
0.00 

w h a t  
MJmi 
0.00 
0.00 

hiv 
MJRu 
0.00 
0.00 
0.00 

klv 
M J ~  
0.00 
O00 
0.00 

hy 
M J I i u  
0.00 
0.00 

w b a t  

YJRu 
O 0 0  

O. 00 
0.00 

h.tv 
U J ~  
O00 
0.00 
0.00 

0.00 1 0.00 

h;iv 
M J h i  
O00 
0.00 
0.00 

w h a c  

MJmi 
0.00 
0.00 
0.00 

hiv 
M J h  

O. 00 
O. 00 

0.00 

hay 
M J h  

O. 00 
0.00 
O. W 



Table A-28. Total rotational energy use o f  Indian Head, SK rotations (1993-1998) 

1993-1998 

(a[ P h e s )  
seed 

~a'--'-="''rY 
Fuel 

herb~aae 
fmluer 
total 

Ro(i<lailn 
MJRia 
5908.32 
811.59 
3210.12 
4754.95 

O. W 
14üû4-97 

' 
1993-1998 R m t i o n m  

(1 mfncyciel ' 

' Ra( i lhU2 
kuha 
5908.32 
142h3t 
5914.99 
4963.99 
J8rlo1.67 
5W55.21 

R d l l o n  #a 2 

k m  
2020.55 
562 60 
2461.ôE 

2594 24 
000  

7639.06 
A 

RoiationR 
huma 

59fB.32 
1426.31 
5914.99 
4 W . 9 9  
38r611.67 
Sô655.28 

seed 
machinery 

fud 
herbiade 
fefbl~zer 
total 

' 

bUnia 
590832 
811.59 
3210.12 
4750.95 

0.00 
14684.97 

- 
Rotation ml 

nuha 
1212328 
3375.58 
14770 07 
1 U 6 5 s  

Oa3 
-37 

1 



Table A-29. Seed energy use of Gledea, MB rotations (1992-1999) 

I s u d  MJRU YJnu MJRu Yimi MJRu Wh YVni MlRU 
wheat 1 n0.w 1 O -  1 no.00 1 720.00 11 nom 1 nom 1 720 W 1 RO.uO 

s e d  Wlhr MJaa M J h  MJllu  Kllh M J h  MJlh 
wheat 1 n0.w 1 720 00 1 ~20.00 1 7m.w u 000 I 0.w 1 0.00 1 0.00 I 

1993 

saad 

pea 
atam 

lDUl 

saed MJRU MJm MJha YJfia MJma M J R U  MJha 

pea 1 M1.29 1 501.29 1 501.29 1 541.29 II 0.00 1 0.00 1 0.00 1 0.w I 

FU 
1 l*p+ 1 fw 1 hp 1 f - P  

MJRU W h  W l h  W R U  

~ o e d  
I I a x  

- 

~tzs 
0.00 

50129 

1 f*p* 1 fV 1 hp 1 t e  
M J h  MJIb MJRU MJnu 
560.00 1 SW.00 1 560.00 1 560.00 

501 29 

0.00 

501.29 

Alalb 
3- 3 f* 3 top- J 1-P- 
MJ- ILuIi. MJha M J h  

3 h F '  J fP, 3 hp- 3 fS 
MJnU M J h  M J h  MJIb 
560.00 1 560.W 1 560.00 1 m.00 

0.00 

71.77 

71.n 

~ 1 . 2 9  

000 

5a1.29 

~ 1 . 2 9  

0.00 
S12S 

o. w 
71-T 

71.77 

0.00 

71.77 
71-7? 

0.00 
~1.n 

71Ji 



Table A-30. Fuel energy use of Glenlea, MB rotations (1992-1994) 

nuchinwy 
pcckup mck 

graui UIJCIC (seedingl 
water huck 

SPraier 
remruer spreadw 

no cuiixvaîor 
d i d n i i  

Qndem diSc 

hamm packers 
swather 
combine 

gram mck (harvest) 
grain kuck (market) 291.90 291.90 291.90 291.90 291.90 

t-l 1 216x10 1 207720 1 209LlO 1 201220 1 152SSo 

nachinary 
pickup mdr 

gmn mick Iseeding) 
water hvck 

SPmyer 
ferbluw spreader 

Culhvamr 
duc drill 

<andm disc 
mOlHerknndibQner 

baler 
hMlher 
mmbrne 

gram mick (harvest) 

nachinery 
pickup mick 

gmn truck (market) 25925 216.70 

tom1 1 1260.88 1 1054.6ï 



Table A-3 1 - Fuel energy use of Glenlea, MB rotations (1 995-1 997) 

machlnwy 

V&UP mck 
grain ntick (seeding) 

waler mxk 
SPraVer 

feCnluer spreader 
HD culrivalor 

culbvamr 

hamw packers 
d m  dnll 

smlher 
mmbine 

gntn mtck (harvesl) 

grain truck (market) 

1995 

mchiney 
W ~ P  ImCk 

gram Wck (seeding) 
waler bu& 

SOraYer 
femruw spreader 

HD a~lûvamr 
culbvalor 

hamrwpad<erS 
d%c ddl 

W(hff 

mmhne 
p n  mck fharvest) 
gain h c k  ( n v k e t )  

total 

machinery MJha 
oiclup truck 99.31 

grain WuCk (seeding) 9.04 

-ter mi& 25.80 

wrayer 65.00 
fworuer s preader 0.00 

altivalor 0.00 

h m  padrers 76.60 
disc dnll 116. t0 

w e m  a m  266.30 
rnmverIcondi0oner 0.00 

baier 0.00 
swather 13210 
combine 147.53 

gnin rnick (haniesl) 53.47 

grain vuck ( m e t )  110.00 
total 967.1 t 

FI& 
1 R P  1 r - P  1- 1 fP 
Waa Y(mr YJRii YJnU 
99.31 
9.00 

29.80 
65.00 
171.80 

0.00 
128.80 

0.00 
116.10 
132-10 
245.92 
6a.n 
18261 

llSOf0 

Fbr 

3 1*P, 3f-P- 3- 3- 
1YJIIii Wlh MJma Wlki 
99.3 < 
9.04 
14.90 

3250 
171.80 
519.20 

$28.80 
O. W 

116-10 
13210 

m.6 
80.99 
166.60 

Ti7154 

99-31 
9.04 
29.80 

65.M) 
0.00 
0.00 

128.80 

0.00 
116.10 

13210 
17125 
6207 
127.68 

103.00 

99.31 
9.04 
14.90 
3250 
0.00 

51920 
128.BO 
0.M) 

116.10 
13210 

20232 
SJ.33 

150.85 
135521 

99.31 
9.04 
0.00 
0.00 

171.843 
51920 
128.843 
76.M) 

116.10 
13210 

12724 
46-12 
94.87 

141284 

99.31 
9.01 
0.00 
0.00 

0.00 
519.20 
728.80 

76.60 
116.10 

13210 
125.40 
455.45 

93.50 
1237-14 

99.31 

9.W 
0.00 

0.00 
171.80 

51920 
128 80 

76 60 
1 la10 

13210 
168.58 
61-10 
125.69 

149â.98 

99.31 
9.0.4 

0.00 
0.00 

0.00 
51910 
128.80 
76.60 
1 T6.10 
13210 
179.2t 
M.% 
133.52 

I l s 0 3  



Table A-32. Fuel energy use of Glenlea, MB rotations (1998-1 999) 

m a ~ h l ~ t y  Y* UYhi 
Pn*W mJ& 99.3 1 99.31 

gmn vock (=?dit-g) 9-04 9.01 
water hudr 14.90 t4.90 

S P W  3250 3250 
feroruer spreader 85.90 0.00 

HD cullivalor 51920 51920 
admalor 25r.60 257.60 

76 60 76.60 
disc Qill 116.10 t16.10 

laodemdisc O. 00 0.00 
mowerlconditionef 0.00 O. 00 

baler 0.00 0.W 
Swauier 13210 13210 
mrnbne 275.82 781.92 

gram wck ihawesri 99.61 65.41 
gain wck (markel) 201.90 135.64 

total 1799.32 1517.W 

1999 

rnachinery 
ptckup mnlr 

grain ~ u ~ k  (seeding~ 
water midr 

spayer 
fe~%liiw spreadef 

HO NItivalor 

wltwfor 
r i a m  packers 

&SC dnll 
svather 
cornbme 

grain tn>ck (haest) 
gran uuck (market) 

total 

FMX 
1 f+p+ 1 f-P+ 1 f*p- 1 1-P- 
MJilu MJnu MMu M m  
59.3 1 
9 . 0 ~  
29 80 
0500 
85.90 
OW 

12880 
76 60 
116.10 
13210 
179.83 
65.18 
134 08 

983.59 

Fb 
3 f * p ,  3 f-p+ 3 1*p- 3 (9- 
MJma MJha MJha MJlha 
99.31 

904 
P.80 
65.00 
85.90 
0.W 

128.80 
76.60 
116.10 

13210 
189.62 
68.73 
141.39 

lO(W.22 

99.31 
9.01 
29.80 
65. w 
O00 
0.00 

128.80 
76 60 
116.30 
13210 
137 03 
49.67 

10217 
007.46 

99.31 

9.01 
29.80 
65. w 
0.W 
O. 00 

1ZB.80 
76.60 
116.10 
13210 
199 80 

7232 
158.97 
913.78 

99.31 

9 w  
0.00 
0.00 
85.90 
51920 
128.80 
76.60 
116.10 
t32-10 
78.17 
28.33 
58.28 
1123.48 

99.31 

9.04 
0.00 
0.00 
0.00 

519.20 
128.80 
76.60 
116.10 
13210 
78.95 

33.62 
58.87 

1 1 8 2 4  

99-31 

9.04 
O. 00 
0.w 
85.90 

519.20 
128.80 
153.20 
116.10 
13210 
130.24 
47 21 
97.71 

1409.BS 

59.31 
904 
O. 00 
0.00 
O00 

519 20 
128.80 
15320 
116.10 
13210 
179.83 
S .18  
lY.08 

1428.49 



Table A-33. Machinery energy use of Glenlea, MB rotations (1992-1994) 

n~chinmry 
pidrup buck 

grain md< (seedingl 
waler mck 

= P m  
lefûluer spreader 

a~itivator 
diic drill 

W e m  disc 
mlum?r/wndiüaner 

baler 
Swarntv 

combine 
grain mck (harvest) 

1992 

michlnery 
pickup bu& 

grain UwJc (seeding) 
watw mck 

SPV 

l e m r i  spreader 
HO culiivatnr 

d k  drill 
tandem disc 

harmwpaCLiers 
SV.athet 

mmbffle 
gmn truck (hwest) 
grain buck (market) 

total 

nuchinerf 
Dlckup mck 

gmn mck (seeding) 
water mck 

w r a w  
lmlirer spreader 

HO culiivalor 
cultwalor 

h-packers 
diic dnll 

mowerimndi(ioner 
baler 

Swalher 
mmSine 

gram bUck (hawesl) 

MJRu 
31.04 

290 

5 40 
18.80 
4.90 
0.00 
1.x.00 
0.00 
Y 30 
0.00 
0.00 

29.60 
56.89 
40. 1 O 

MJRu M J b  
3l.W 31.01 
290 0.00 
O00 270 
0.00 9.40 
0.00 4.90 

U . 8 0  2240 
14.00 0.00 
39.40 0.00 
u .30  0.00 
0.00 56.40 
0.00 59.10 
29.60 0.00 
61.77 0.00 
03.55 91.21 
76.09 159.40 

34J.51 40211 

wœat 
1 f *p ,  1 fV 1 f + p  1 f* 

UJha Wllu Ylhi Uuhr! 
31.04 
2 9 0  
5-40 
~ 8 . ~ 0  
4-93 

44.80 
41.30 
50.90 
39.40 
U.40 
@.O5 
6 . 1 5  
78-90 

425.60 

Ynwn 
3 f+P 3 IV- 3 f+p- 3 f-P- 
UJma Wmi MJha Wuha 
31.01 
290 
270 
9-40 
0.m 
0.00 
34.30 
50.90 
39.40 
44.40 
64.05 
45-15 

78.90 
J6630 

31.04 
290 
I r 0  
tua0 
0.00 

U . B O  

3A.30 

50.90 
39.40 
44.40 
00.05 
6 - 1 5  
78.90 
M . 7 0  

31.04 
290 
270 
9.50 
0.00 
000 
34.30 
50.90 
39.10 
44.40 
W.05 
45-75 
78.90 
Maso 

31.04 
290 
0.00 
0.00 
4.90 

44.80 

34.30 
M.90 
39.40 
44.40 

=.O5 
45.15 
78.90 
4MW 

31.W 

290 
0.00 
0.00 
0.00 
54.80 

34.30 
50.90 
39.40 
44.40 
64.05 
J5. 15 
78.90 
40130 

31 04 
290 

0.00 
0.00 
0.00 
0.00 
34.30 
50.90 
39.m 
44.50 
60.05 
~ 5 . ~ 5  

78.90 
357-10 

31.00 
290 
O00 
0.00 
0.00 
0.W 

34.30 
56.96 
39.50 
44.40 

64.05 
6 . 1 5  
A.96 
357-1 0 



Table A-34. Machinery energy use of Glenlea, MB rotations (1995-1997) 

gmn buck (madtel) 

IOPI 

machinery 

pidrup hwk 
grain bu& (seeding) 

vrater mck 

s w w  
fefIiluer spreader 

HD tultivalor 

wllwator 

hamïwpackers 
discdnll 
swaltlw 
combine 

grain Wck (ha~est)  

MJnU 
31.04 
290 
10.80 
37.60 

4.90 

0.00 
0.00 
0.00 
Y .30  

29.60 
69.94 

49.30 
grain bu& (market) 1 86.16 38.90 59.98 1 29.51 92.11 1 66.81 1 75.33 53.18 

lotal 1 311.80 1942Ï  1 290.30 1 21Z76 1 33221 1 266.27 1 212W 1 2 2 4 3  

machinary MJnU M J h  
PKkup aUCk 31.04 31.0s 

grain mck (seeding) 290 290 
water mck 5.40 5.40 

SPrJYer 18.80 18.80 
femlizw spreadw 0.00 0.00 

wliivalnr 0.00 0.00 
harmw packers 19-70 19.70 

dise dnll 34.30 34.30 
W e m  dise 50.90 50.90 

mwrfmndiboner 0.00 0.00 
haler 0.00 0.00 

swaltler 29.60 23.60 

aimbine 24.14 40.92 

grain mck (harvest) 1701 28.85 
gmn mck (market) 29.73 50.41 

tom1 P4.11 273.47 



Table A-3 5- Machinery energy use of Glenlea, MB rotations (1 998-1 999) 

machincry M Y h r  
pickup m>ck 31.04 

grain mJck (sMn9)  290 
water tnck 270 

S f J W  9-40 
lemliuer spreader S.90 

no milbator 44.80 
QiIhvabr 28.00 

harmw OadrwS 19.70 
disc dnll 34 30 

tandem disc 0.00 
mgwerlcon&wner 0.00 

baler 0.00 
swather 29.60 
combine 44.96 

grain mrk (kmest) 31.69 
gratn auck (market) 55.38 

total 30274 

gram Vuck (market) 3624 1 27.62 15.75 15.91 3821 10. 27 2625 3624 
total 1 19k5a 1 lûô.10 1 164-12 [ 159.69 1 20531 1 205-4s 1 234.75 1 23930 



Table A-36, Herbicide energy use of Glenlea, MB rotations (1 992-1 999) 

1992 

*rbici& 
Achieue 4IX 

Rehe Extra 
MCPA 

Total 

II 1 
- - -  

415.00 415.00 0.00 0.00 0.00 O. 00 0.00 O. 00 
~ o t a ~  1 1297.79 1 1297.79 1 0.00 1 0.00 r 0 .w 0.00 1 0.00 1 0.00 

m wma 

Herbidd. 
Roundup 
Edge SC 

1 1995 I FLir II FI- 

1 Ppc 
M m  
6200 
5.05 
80.58 
147.63 

J »p, 
YJlh 

0.W 
0.00 

r 1994 

Herbickh 
HoegrJSS Il 

Roundup 
hlCPA 
Total 

L 

Refine Gm 
Raundup 1087-1 1 1087.1 1 0.00 0.00 0.00 

MCPA 80.58 80.58 0.00 0.00 0.00 O O0 
0.00 OW 0.00 

1- 
YJlhr 
6200 
5.05 

aO.58 
147.a) 

I r+p, 
MJRU 
45296 
429.83 

J f v  
MJm 
000 
O00 

He rbïcide 
PoaSl 

Rounûup 
2- 

BuCail M 

Rebne G.ua 
Toidl 

YYihut 

I 'w=~  305.06 505.06 0.00 O00 II 0.00 1 000 0.00 0.00 
Total 1 758.02 1 758.02 1 0.00 1 0.00 000  0.00 1 0.00 1 0.00 1 

lhp 
YJmr 
0.00 
0.00 
0.00 
0.00 

3 f + p  
W h  
0.00 
000 

Uhlla 

Herbicide 
Raundup 

1- 3 f + P  J bp, 3 f + ~ -  3 r-v- 
' 

KMU YJI)Ii YJRu UJnIa YJRu 
0.00 6200 62.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 

p- 

0.00 0.00 

1 1 - P  
W b  
000 
O00 

tf-v+ 
UJha 
45296 
429.83 

3 f - ~  
M a  
0.00 
0.W 

1 f s  
MJlhr 
0.W 
0.m 
O. W 
O00 

J f + ~ +  

WRii 
0.00 

965.93 
0.00 

905.93 

. -- 

- 1 h p  
YJIIii 

O00 
0.00 

1 f+p- 
W h  
0.00 
O. W 
0.00 
O. 00 

1 f+F+ 
M J h  
449.05 
62% 
80.58 

98259 

1 hp 
M J l h  
6299 

634.15 
49.06 
187.67 
5.05 

938.92 

. - 

1998 

Herbicide 
A Y i ~ e v e  JOG 

Bucmt kt 
Roundup 

2.4-0 

3 f v  
Wha 
0.00 

905.93 
0.00 

905.93 

r(9, 
N J m  
U9.05 
052S 
80.58 

98259 - 

1 frp,  
M J h  
6299 

452% 
0.00 

t87 67 
5.05 

708.67 

I frp,  
MJha 
55296 

- 1f-P 
M J m  
6299 
634.15 
49.06 
t87.61 
5.05 

938.92 

J f * p  
MJRU 
0.00 

1 l+pc 
Herbicide M Jlha 

Poasr nax ~ a r  468.19 
Rnundup 224.67 

TOWl 
L 

69286 

3 f + p  
W h  
0.00 
0.00 
0.00 
000 

3 f-P 
M J l h  
6299 

62% 
0.00 

187.67 
5.05 

708.67 

1 fs+ 
M J m  
a296 

m a t  

J f-w 
YJRu 
0.00 
0.00 
0.CO 
0.00 

1 f+P- 
M J l h  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

- 3 r . p  
MJnU 
0.00 

- 

1 f * p  
M J h  
6275 
187.61 
0.00 
0.00 

Total 2M.42 

1 f-P- 
M J I h  

-.---- 
468.19 
224.67 
69286 

3 f *W 
MJRu 
J68.19 
224.67 

1 1 0 -  
M J b  
0.00 
0.00 
0.00 
OW 
OW 
0.00 

3 f+P- 
YJIha 
O. 00 
OW 
0.00 
0.00 
0.W 
0.00 

1 WP- 
MJlha 
0.00 

59262 

J f v  
MJIha 
468.19 
224.67 

J hp- 
MJha 
0.00 
0.W 
0.W 

3 fQ- 
MJnU 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

1 f - ~ -  

MJnU 
0.00 

I f + p  
Y J h  
0.00 

1 f.p* 
M J b  
62.75 
187.67 
0.09 
0.00 ---- 

250.42 

Alhlfa 

1 hp 
MJnU 
0.00 
0.00 
0.00 69286 1 69286 

3 f-P 
W h  
0.00 
0.00 
0.00 

3 1-P- 
MJllu 

0.00 

J f*p+ 
MJliu 
0.00 
0.00 

543.56 
49 06 

, 59262 

1 19- 
YJfia 
0.00 
0.W 
0.00 

1 hp 
M J h  
0.00 
0.00 
0.00 
0.00 
0.00 

fS 
MJRu 
0.00 
O. 00 
0.00 
0.00 
O00 

3 fS, 
MJha 
0.00 
O00 

513.56 
49-06 

0.00 000 

3 hp 
MJ- 
0.00 
0.00 
O. 00 
0.00 

3 f+ 
M J h  
0.00 
0.00 
0.00 
0.00 



Table A-3 7- Fertilizer energy use of Glenlea, MB rotations (1 992-1999) 



Table A-38. Total rotational energy use of Glenlea, MI3 rotations (1992-1999) 

per 4 v a r  
relation cyck 

seed 
machinq 

fuel 
herbiade 
feniriw 

loWl  

W-P-W-Fx r 

1 

1 l e p ,  

YIha 
250 1.29 
1096.91 
5U273 

3151.50 
12688.91 

2488133 

1 fP, 
wma 

250129 
985.78 

J7J0.39 
3151.M 
0.00 

11378.96 

W-A4+x 
3 tep, 
wha 
tJ51.77 
1379.07 
64ll.aî 
151204 
81 18.25 

1 1-p- 

MJRu 
2501.29 
1445.02 
6195.92 

O. W 
12745.37 

22487.59 

1 (P- 
wm 
2501.29 
954.69 
1373.96 

O. W 
0.00 

8834.93 

3 fV+ 
Wnia 
1351.77 
1350.41 
5007.55 
151204 

0.M) 

1877L16 1 10261.77 

3 hp- 

LUlh 
t351.Tt 
13s.63 
6607.16 
O. 00 

8118.25 

3 f ~ -  

wnu 
~351.77 
lM5.75 
m81.c~ 

0.00 
0.00 

. 1741211 19l8-55 





Table B-1 . Average temperatures for growing season months at Carman and Winnipeg. 

Temperature 

April 

May 

June 

July 

August 

September 

October 

AvdTo ta1 

Ap r. 

May 

June 

July 

Aug. 

Sept. 

Oct, 

AvgTo t al 13.1 14.9 
L 1 30-year average. 



Table B-2. Average precipitation for growing season months at Carman and Winnipeg- 

Precipitation 

April 

May 

June 

July 

August 

September 

October 

Av=/To ta1 

June 53- 1 64 71 -2 86 95-5 115 89-0 

July 93 -2 126 67.8 92 72 -4 98 71-6 

August 73 -4 117 15-0 24 35.3 56 75 -0 

September 50.5 101 14.2 29 58.4 117 55-6 

October 74.4 200 59.2 159 22-9 61 28.5 

:Percent relative to 30-year average. 




