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Abstract

The economic feasibility of lupins in a cropping system as a protein

supplement for a representative dairy cattle herd in Southwest Ouebec (SWQ) to

substitute for soybeans was investigated using a single period linear

programming (LP) model. At currant priees, lupins were not a profitable base

case scenario. The gross margin of the dairy farm was $147,918. This resulted

in a total sail loss of 3,504 tonnes (t), 50 percent higher than soil tolerance, T

(acceptable level of sail loss) of 14 t ha-" and produced 541 kg of Nitrogen (N).

Sale of corn grain (CG) was 442.3 t, constituting about 39 percent of the gross

margin but had a negative affect on the soil. The farm purchased 59 t of straw

for animal bedding.

When the environmental constraint of soil erosion, 14 t ha-', was imposed,

the gross margin was estimated to be $131,148 while total N and soil loss were

2,454 kg and 1,708 t, respectively. Lupins were produced on 18.3 ha with this

sail loss level constraint. The tradeoff between soil loss and gross margin and

lupins was observed. The N fixation constraint reduced the gross margin while it

increased soil loss. CG sales were reduced from 442 to 244.5 t but milk

production increased by 163 hectolitres (HL). Sensitivity analysis on labour

supply and farm size indicated that lupins became an alternative to soybeans

when farm size and labour supply were larger and fewer respectively.

Lupins would substitute for soybeans if yield is increased by 5 percent;

cost of production is reduced by 10 percent and home grown clean lupin seed is



•

•

•

used for 2 or 3 more years or government provides a subsidy of $328 ha·1
• This

is approximately equal to the CG subsidy.
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Résumé

La faisabilité économique de lupin dans la production agricole comme

source supplémentaire de proteine et substitue de soya pour l'elevage de

vaches lairiers du Sud Ouest de Ouebec (SOO) a été étudié utilisant, le modéle

de programammation livcaire (PL) à une seule période. Aux prix actuels, lupin

n'etait pas profitable (ero du semairo de base). La marge brute de la production

laitiére était de $147918. Ceci a entrainé 3504 tonnes (t) de tere en sols, 50

pourcent plus élevé que le seul de tolérance (T) qui doit être 14 t /ha et a

producit 541 kg d'azote (N). La vente de maïs grain était de 442,3 t constituant

environ 39 pourcent de la marge brute maïs auant un effect negatif sur le sol.

La ferme ayant acheté 59 t de paille pour la litière de animaux.

Quand la contrainte de l'érosion, 14 tlha était imposée, la marge brute

était estimée à $131148 alors que l'azote total et les pertes en sols étaient

respectivement de 2454 kg et 1708 t. Lupin était produit sur 18.3 ha avec cette

contrainte. Le transfert entre les fertes en sols et marge brute. Lupin était

observé. La fixation d'azote réduit la marge brute mais reougmentait les perts

en sols. Le ventes de maïs-grain étainent reduites de 442 à 244,5 maïs

augmentairx de 163 hectolitres (HL) la production laitière. L'analyse de

sensiblité l'offre de la main d'oevire et la taille de la ferme endique que lupin est

une alternative pour le soja quand le premiér est petite et le deuxiéme est grand.

Lupin serait un substitue de soja si les rendements augmentaient

poucent, le coût de production baissaient de 10 pourcent avec une production

locale de semence de lupin pour 2 ou 3 ans ou si le govemement subventeome

iii
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un hectare de lupin à $328. Ci qui est environ égale à la subvention alloue au

maïs-grain
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Chapter 1: INTRODUCTION

1.1 General introduction

Agricultural production in Quebec accounts for 2 percent of provincial GDP

(Statistics Canada, 1997). Quebec's dairy produdion accounts for 33 percent ($1.3

billion) of the provincial agricultural produdion and supplies 37.9 percent of

Canada's dairy production (Reberge et aL, 1994). A racent study indicated that a

job in the dairy and livestock industry craates 6 and 8 jobs in the rest of the econorny

and tha dairy sector alone employed 5,715 people with a budget of $150 million

(UPA, 1994). Strategies to maintain or enhance profit and be environmentally

responsible approach9s in the dairy sedor are important elements of public policy.

Dairy farm inputs are readily available to Quebec fanners. However,

successful dairy farming depends not only on the availability of inputs, such as

feeds, but also on their priees. The costs of labour, land and capital have generally

increased at a faster rate than the priee of agricultural produds (Rust et aL, 1995).

Consequently, many inefficient operators have been forced out of business or

suffered from reduced farm incarne (Foltz et al., 1995). A total of 50,234 farms, an

average of 1800 farms par year, have left Quebec's dairy industry since 1966 due

ta rising costs of production (Bertrand and Bourbeau, 1995, Blair and Lister, 1994;

Reberge et aL, 1994). Higher feed priees reduce flexibility in ration formulation and

affect the produdivity and profitability of the dairy produeer (Odegaar, 1995). The

1
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cost of producjng dairy produds will continue to rise unless less expansive and high

quality alternative feeds become available.

Livestock feed aceaunts for more than 75 percent of total dairy production

costs (Gillespie, 1987; Hulme et al., 1986; Pond et aL, 1995). Among the principal

constituents of a dairy feed ration, protein supplement is the most expansive

(Gillespie, 1987). Producers could inaease their net fann income tram dairying if

they replace currenUy used cosUy livestock feeds with cheaper but good quality

substitutes (Davis et al., 1989). If dairy farmers decide to use a substitute or

alternative source of protein supplement, they must decide whether to grow or

purchase il.

Dairy farmers are convinced that their income will be safeguarded not by

boosting milk production, but by cutting production costs (Brown, 1995a; Carlson,

1995; Herman, 1995; Preston and zapata, 1995). Production of cheaper high

quality feeds is one of the most important factors influencing efficiency, production

costs and hence protitability of dairying. Therefore, dairy farmers must focus on

alternative sources of protein supplement or feed aops with the objective of

maximizing profits (Roy et al., 1977).

Soybeans are widely used as a source of protein in dairy production.

However, legumes such as lupins are believed to be less expensive to produce

compared to soybeans (Bell, 1991). Lai (1995) estimated that row-crops, such as

soybeans, require about 10.3 litres of gasoline par hectare for seedbed preparation

or cuJtivation by farm machinery. Lupins require less cultivation and gasoline

compared to traditional crops such as soybeans (Bell, 1991). Lupins fix more

2
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nitrogen compared ta other legumes, thus reducing expenditures for inorganic

fertilizer. Lupins aise reduce soi1and water erosion. Lupins contribute ta reduce

pollution of surface and ground waters from run~ffs because they consume less

inorganic fertilizers par hectare compared ta other crops. Furthermore, lupins are

an important source of protein supplement for dairy cattle (Johnson et al., 1986;

Hale and Miller, 1985; Mayet aL, 1990). Despite these economic and

environmental advantages, few studies have examined the economics of producing

lupins. The present study attempts to examine the profitability of adopting lupins by

dairy farmers of Southwest Quebec.

1.2 Problem statement

The goal of most dairy producers is to maximize profits. However,

environmental conservation must be incorporated into the objective of the dairy

industry to attain sustainable produdivity. Farmers may consider the redudion of

soil erosion and nitrate leaching as competitive objectives (Xu et al., 1995; Straw, et

al., 1991). Govemment may influence farmers' decisions to comply with policies that

directly or indirectly affect long-term cropland produdivity through measures that

minimize soil erosion, contamination of ground water and fish kills caused by

leaching of chemicals tram farm lands (Gum et aL, 1982; Richardson and Ray,

1979).

The major environmental concems with dairy farming include soil erosion,

contamination of ground and surface waters due to nitrate leaching and liquid

wastes, soil compadion and increased consumptian of gasoline because of

3
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intensive use of farm machinery and the deterioration in the physical and chemical

structure of soils. Environmentally sustainable dairy farming has to rely on inputs

that use less energy or fossil fuel, reduce soil erosion and contamination of water

and yet maximize farm incorne.

Legumes, incfuding lupins, present an option to move toward sustainable

dairy farming. Cropping plans based on the inclusion of legumes, such as lupins,

have been shOYJl1 to be an effective means of maintaining soil fertility, especially

nitrogen (McLaughlin and Mineau, 1995). Crop plans that include legumes

contribute to reduced infestation of weeds, insects and diseases and improve soil

fertility. Lupins can be produced at low cost, are found to be rich in protein and fix

nitrogen into the soil. Lupins can reduce the expenditure on inorganic fertilizer while

reducing pollution because of reduced soil erosion and fertilizer use (Higgs et aL,

1990).

Lupins have been grown by sorne dairy farmers in Southwest Quebec

(SWQ). However, Iittle is known about the economic viability of lupins in a cropping

plan as a potential source of protein supplement for dairy cows. The goal of the

present study is to investigate whether or not growing lupins in a cropping plan, as a

source of protein supplement for dairy cows, is profitable for dairy farmers in swa.

The study wi!l provide an estimate of soil saved trom reduced erosion and nitrogen

fixed (cost saved) trom incorporating lupins in a dairy producer's cropping plan.

4
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1.3 Objectives and Hypotheses

1.3.1 Objectives

The objectives of this study are:

(i) Tc examine the profitability of substituting lupins for scybeans in a cropping
plan, as source of protein supplement, in a dairy operation;

(ii) To determine the level of subsidy required to make lupins competitive
with soybeans;

(iii) To identify a aopping plan that maximizes gross margin and provides
the greatest reduction in soi1erosion below an a proiri determined
maximum acceptable level, and

(iv) To examine the sensitivity of gross margin and optimal crcpping plan to
changes in selected resource constraints (e.g., labour, land, etc.)

1.3.2 Hypotheses

The present st~dy uses mathematical programming to investigate the

problems discussed abova. Results obtained from the optimal cropping plan will be

compared with the conventional situation (not including lupins) to evaluata the

hypotheses. The present study hypothesizes that:

(i) dairy farmers in swa will profit from adopting a cropping plan that
includes lupins;

(ii) the priee of lupins will become competitive when the level of subsidy is
equal to that of soybeans; and

(iii) there is a tradeoff between profit maximization and decreased soil
erosion and increased N-fixation.

1.4. Definitions

For the purpose of this study a "cropping plan" is defined as the inclusion of

crops in any given produdion perioct with either the same or a different sequence of

5
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crop grown in each field in successive cropping plans (Hunter and Keller, 1983;

Katz, 1985).

Sustainable agriQJlture refers ta the integration of resource-efficient crop and

animal produdion strategies that reduce agricultural pollution, conserve energy,

avaid dependence on expansive and uncertain sources of petrochemical based

fertilizers and pesticides, preserve the family farm, enhance economic viability

(providing an acceptable level of profit ta producers) and reduces soil erosion and

compadion (American Society of Agronomy, 1989; Cooper, 1990; Elmore, 1996,

Hesterman and Thorbum, 1994; Keenely, 1989; Parr et aL, 1992).

1. 5 Organization of the study

The study is organized in the following arder. Chapter 2 provides a

review of the Iiterature related ta the agronomie and economic aspect of

cropping plans and the use of lupins as a potential dairy caUle feed.

Chapter 3 examines the method used ta conduct the analysis in the study.

It includes a detailed description of the linear programming method used,

identifies the nutritional requirements of dairy caUle and the constraints affecting

dairy production. The model also accounts for the environmental effect of the

cropping plan. This includes the quantity of sail lost and the contribution of N2

from the legume crops used in the cropping plan.

Chapter 4 presents the results and analysis of the study. A sensitivity

analysis is conducted to determine the affect of changes in the key parameters.

6
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These key parameters include the price of lupin seed, a change in lupin yield,

and the introduction of a govemment program (subsidy) for lupins.

Chapter 5 summarizes the results and presents conclusions. Also, sorne

suggestions for further research in this area are presented. Detailed operating

budgets, labour and other inputs used in the model are presented in the

appendices.

7
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Chapter Il

Review of Literature

2.1. Introduction

The purpose of this chapter is to review the agronomie and economie studies

evaluating different crapping systems. The tirst section reviews the agronomie

benetits of cropping systems. The second1 reviews the economie studies that have

evaluated cropping systems designed to reduce soil erosian and the consumption of

nitrogen fertilizer, and provide a source for livestock feed. Effect of govemment

programs on adoption of Iivestock feed crops is examined in the next section. This

is followed by a discussion of methods used to evaluate agricultural production

problems and the justification for the use of a single period lP model for the study.

ln the last part of this chapter, conclusions of the review are presented.

2.2 Cropping plan

2.2.1 Agronomie benefits of cropping plan

GeneraIly, in a cropping piani aops are planted in different sequence in

arder to reduce the incidence of crop pests, insects and weeds or increase or

maintain soil organic matter (Huang and Uri, 1992; Hunter and Keller, 1983).

Farmers use farm plans to improve soil physical condition, enhance soil nutrient

8
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use, improve long-term nitrogen status of the soil, increase crop production by

reducing soil erosion, and inaease water use (Lockie et aL, 1995; Lopez-Bellido

and Fuentes, 1990; Martin and Leonard, 1967; McLaughlin and Mineau, 1995).

Farmers may benefit trom sound cropping plans since machinery and labour

requirements may be distributed over severa1crops. In addition, risks associated

with yield and price fluctuations are diversified (Bell, 1991).

Cropping plans can be used to limit the build up of weed population and

preyent major shifts in the composition of weed species (Liebman and Janke, 1990).

The growth and reproduction of weed species can be disrupted by the growing

sequences of crops that differ in planting dates, harvest schedules, competitive

characteristics and soil management (Kingwell, 1996). Therefore, sound cropping

plans by reducing weed population and species lessen dependence on fertilizers or

pesticides.

2.2.2 Land use and its environmental impact

Improyed farm management practices are necessary to ensure soil resources

are not over utilized (Cransberg and McFarlane, 1994). Soil erosion by water from

Canadian soils has been recognized as one of the causes for reduced economic

retums ta producers (Senate of Canada, 1984). The problem of soil erosion in sorne

parts of Cuebec is as serious as the potato fields of Prince EdYlard Island and the

com-belt of southem Ontario where soil loss may exceed 100 t ha-1 (Coote et aL,

1981). It is reported that most of the sail in Cuebec is acidic and the estimated

9
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average depth of the topsoil is about 15 cm (Stonehouse, 1995). An average of 24

t ha"' y"' of fertile soil is removed tram Cuebec farms due to the cumulative effect of

snowmelt, rainfal! and farming pradices (Cao et al., 1993). Unless measures to

maintain soil produdivity are taken, its complete loss may accur in about 60 years

resulting in severe yield loss and environmental problems (Baffoe et al., 1986;

Stonehouse, 1995).

Sanderson and Macleod (1994) estimated that for every kilogram of food

consumed. about 15 kg of soil or approximately 5 t y.' per person of soil is lost. Soil

loss in excess of the tolerance level may result in substantial yield redudion

(Chisholm, 1992). Several studies have confirmed that soilloss above a tolerance

level of 11.2 t ha·1y.1 is considered as a serious threat to human well-being (Hudson,

1995; Sinner, 1990; Troeh et al., 1991; Vocke and Heady, 1992).

2.2.3 Impact of cropping plan on production

Oespite the threat of land degradation, producers may continue pradicing

erosive farming practices ta obtain short-term profits at the expense of 10ngef"Un 1055

of soil productivity (Brubaker and Castle. 1982; Heady, 1982; McConnel, 1983;

Orazem and Miranowski. 1994; Renard et aL, 1978). Sorne farmers mayassume

that loss of agricultural production due to land degradation is relatively small

compared to increases in produdivity tram technological innovations and improved

management skills (Chisholm, 1992). Erosion increases production costs and

reduces water infiltration by altering the physical properties of the soil that result in

10
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poorer crop establishment and root penetration (lai, 1987; Stocking, 1984; Walker

and Young, 1986; Xu et aL, 1995). These effects contribute ta lower crop

produdivity (Hwang et aL, 1994; Kjrby and Mehuys, 1987; Painter et aL, 1995;

Science CouncH of Canada, 1994). On-site soil erosion (Ioss in crop and land

produdivity) reduces current and future revenues ta producers while off-site soil

erosion (contamination of water by run~ff) may result in environmental problems

(Fuglie and Bosch, 1995). Careful selection of crops in a cropping plan can reduce

1055 of topsoil and increase the economic retums ta farming (Eastar and Cotner,

1982; Fox et al., 1991; Sarawakoon and Abeygunawaradena, 1995).

2.3 Legume crops in a cropping plan

Optimum sail and crop produdivity may be achieved by incorporating

legumes in a crop plan. It is argued that sail erosion trom a cropping system with

legume crops is less than without legumes (Hesterman. 1988). Moreover, legumes

in a crop plan may reduce the rate of dectine in organic matter following cultivation

(Molina et al., 1985). Therefore, inclusion of legumes in a cropping plan may not

only reduce N fertilizer requirement for crops but also provide the potential to reduce

$Oil erosion and increase land productivity (AJlison and Otto, 1987~ Hesterman,

1988; Lery et al. 1 1995; Mooso, 1990; Papendick et al., 1985; Peoples et al., 1995;

Vanotti and Bundy, 1995).

It is estimated that there are more than 12,000 species of legume plants but

less than 50 have been exploited for agricultural purposes. About 7 species,
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incJuding lupins, are reported to be used regularly in agriculture (Postegate, 1987).

The present study examines the economic feasibility of lupins in a aopping plan.

2.3.1 Lupins in crop plan

2.3.1.1 Introduction

Lupin (Lupinus spp.) is a legume aop that is composed of several cultivated

and wild species (Aguilera and Trier; 1978; Gladestone, 1970, 1990; Haq, 1993).

Lupins have been used as a source of livestock fead and as a green manure in

cropping systems for centuries (May, et al., 1990). However, its extensive cultivation

as a commercial crop dates back only a few decades. For example, lupin produdion

in Australia and Europe increased by 15% trom 1975 to 1994, trom a few thousand

tonnes ta millions of tonnes (Croker et aL, 1994; Siddique et aL, 1995; Unkovich et

al., 1995).

Lupins are moderately drought-resistant, weil adapted ta acidic sandy soils

and to a cool growing saason (zahradnik, 1984). Relative to soybeans, lupins are

frost-tolerant, early maturing, grow weil on soils unsuitable for soybeans, growon

soils that are low in nutrients and organic matter (Aniszewski, 1993a, 1993b;

Gladestone, 1970; Kaplan, 1988). These charaderistics of lupins make them an

alternative legume to soybeans for low-<:ost produdion systems.

2.3.1.2 Soil conservation. N fixation and crop yield

Crop residues or straw may benefit farmers through i) shielding surface soil

from raindrop impact, ii) producing larger particulate organic matter that reduces soil
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erosian, iii) increasing stability of soil aggregates and iv) increasing of organic

carbon (Malinda, 1995). For lupins ta reap these benefits, an estimated 3 t ha-1 (90

percent sail cover) of stubble must be retained in the sail annually (Bell, 1991;

Bhagat et al., 1994; Frey, 1989; Frye et al., 1985; Lees, 1978; Lindstorm, 1986).

Sorne studies have confirmed that the amount of residues needed to control soil lass

below the tolerance level of 11 t ha-1y.1 is about 2 t ha·1(Lindsterm, 1986; Unger and

McCalla, 1980).

Lupins cover the ground faster and may protect the seil better than other

legumes (Zobisch et al. 1995; Lamey et al., 1995). The quantity of stubble

produced from lupins is estimated to be 3 to 5 tonnes ha y-1. Studies have shown

that about 40 percent (1.5 t ha"1) of the stubble covering the soil may he adequate to

reduce the risk of soil erosion (Croker et al., 1994).

Lupins rank among the top legumes with resped to fixing N. Lupins nat only

have effective nitrogen symbiotic fixing baderia, but also have symbiotic root fungi

that make sail phosphate available to plants (Hill, 1977a; 1977b). Lupins can meet

almast ail of their nitrogen requirements trom fixation and leave substantial amounts

of nitrogen behind for successive crops (Bowen and Dansen, 1987; Herbek et aL,

1987; Unkovich et al., 1994). Thus, growing lupins may he used as a strategy ta

reduce expenditures on inorganic nitrogen or commercial fertilizer.

Lupins can fix 265 - 327 kg N ha-1 depending the type of cultivar and the

cultural praetices used (Sanderson and Macleod, 1994; Unkovich et al., 1995). The

amount of N transferred trom lupins to subsequent crops through residues may

13



•

•

•

range trom 50 - 180 kg ha-1 (Evans at al.; 1991; Hill, 1977b; Henidge, 1982;

Harridge and Oano, 1995; Heenan and Taylor, 1995; Hunt et. al., 1985; King, 1984).

Agronomie studies that examined the benefit of lupins in aopping systems

have shown a yield inaease of subsequent non-Iegume crops by 0.5 to 3 t par ha

(an inaaase of more than 350 percent over cereal-œreal cropping sequences)

(Peoples et al., 1995; Wilson and Hamblin, 1990). Lopez-Bellido and Fuentez

(1986) and Reeves et al., (1984) found a 30 to 100 percent inaease in the yield of

wheat following lupins. Studies examining nine years of continuous wheat

production indicated an annual average yield of 2.87 t ha-1 y-1 while the average

wheat yield on which lupins had baen planted earlier was 4.05 t ha-1 y-1 (Reeves,

1984; Rowland et al., 1988; Rowland et aL, 1989; Santos et aL, 1990). Other

studies have found that 30 percent more lupins can be produced following cereal

crops than following legumes (Cheam and Gill, 1992; Unkovich et aL, 1994).

Crop yield can also increase because of the ability of lupins to reduce the

incidence of pests, disease and weeds. Lupins in a cropping system may pravent

root rot diseases and suppress weed infestation and insects (Chantel and Rowland,

1982; Gaudencio et aL, 1988; KingweIl, 1996). This characteristic of lupins

contributes ta reduced pesticide requirement.

2.4 Lupins in dairy fanning

Depending on the type of lupin cultivar, crude protein and lipid (oil) content

may be as high as 50 and 14 percent respectively (Guilluame et al., 1987; Godfrey

1982; Haq, 1993). Lupin cultivars that contain about 50 percent crude protein are
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considered to be potential substitutes for meat meal. The high protein and oil

content of lupins facilitates cost effective ration fannulation, thus encouraging the

expansion of beef, sheep, pig, broilers, turkeys and horse enterprises (Croker et aL,

1994; Sathe et aL, 1982; Taverner et aL, 1984; Watkins and Mirash, 1987).

Lupins are an important source of supplemental protein for dairy cows.

Furthermore, the stubble trom lupins reduces grazing requirements for livestock in

late summer (Gardiner. 19;5 é:nd Croker et al., 1979). An estimated 300 to 400 kg

ha-' of lupin seed is lost during harvest. These fallen seeds make excellent grazing

feed for Iivestock dairy cattle (Croker et al., 1994).

There is considerable variation in biomass, grain yield and N produdion of

lupins. The average grain yield of lupins ranges from 1,000 to 2,700 kg ha-'

(Aniszewski, 1993c; Batte et aL. 1993; Hi!l, 1977b). Shoot dry matter varies from

2.02 to 14.33 tonne ha" (Unkovich et aL, 1994). Lupins have been found to produce

45 ta 322 kg ha" of shoot nitrogen (Aniszewski, 1993b; Unkovich et aL, 1994; Evans

et aL, 1989). Moreover, lupins have been found ta provide up to 120 tonnes ha-' of

si/age for cattle feeding in winter (Frey, 1989).

ln Nova Scotia. lupins provide 6.0 to 8.1 t ha" of dry matter (DM). Lupins

planted with a small grain crop provided 6.0 to 9.5 t ha-' DM (Jannasch, 1994). In

addition, silage made from lupins intercropped with small grains has superior

feeding quality compared ta silage tram lupins alone (Jannasch, 1994).
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2.5 Technical and economic comparison of lupins and soybeans

Soybean is the grain legume preferred by Ouebec dairy farmers as a protein

supplement but grows only in a few areas. However, the high cost of producing and

transporting soybeans trom the Midwestem U.S. has shifted interast trom soybeans

to lupins as a source of protein supplement.

Crops planted following soybeans have been shawn to require less nitrogen

than crops planted following non-Ieguminous crops (Heichel and Bames, 1984).

The amount of N fixed by soybeans range trom 64 to 118 kg N ha-1 y"1 (Nelson and

Weaver, 1980). During harvest, however, 50 to 80 percent of the N fixed is removed

while the remaining N is retained in the soil (Smith et al., 1988). Other studies have

found that soybeans removed more N than it fixed and might consume an additional

soil N of up to 80 kg ha-1 (Heichel and Bames. 1984; Parr et aL, 1992). However,

lupins fix as much as 327 kg of N ha-1 (Unkovich et aL, 1994)

Lupins grow weil on a land where soybeans perform poorly (Zahradnik,

1984). Delayed planting substantially reduces yields of soybeans (Schmersal,

1996). More organic matter is produee and soil erosion is minimal following lupins

compared to soybeans (Fisher, 1982). In fact, field data have shown that sail

erasion is almast twice as severe after growing soybeans than after corn (Brusko,

1985; Fahad et al., 1982; Francis and King, 1988; Van Doren et al., 1984).

Priees of lupin seed are higher due to fewer certified lupin cultivars. If

farmers produce high quality lupin seed on the farm, it might be possible ta avoid

purchases from outside sources and spread the initial investment in seed over two

or more years (Oison and Putnam, 1991). Furthermore, the higher seed cost of
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lupins may be compensated by low labour, machinery and fertilizer requirements of

growing lupins compared ta growing soybeans on the farm.

2.6 Economies of livestock feed and cropping system

2.6.1 Introduction

It is generally assumed that farmers are price-takers (Lockie et aL, 1995). In

any production year the future selling priee for a crop is uncertain (Duffy and Taylor,

1993). The producer's main objective is be to maximize net profit. In dairy farming,

feed cost is an important factor in determining or gross margin. Low-cost feeds

enable dairy farmers ta maximize thair revenue by minimizing theïr costs of labour,

machinery, fuel, fertilizer and other inputs per kilo of feed produced (Apland et aL,

1994; Essetal., 1994).

Effieiency in dairying can be achieved by either increasing retums or

redueing the cost of production. Since the priee of milk is predetennined and the

quantity of milk that can be produced is set by a quota system (supply

management), dairy farmers can maximize profit through redueing the cost of

production (Ostergaard et aL, 1996). Lupins could offer an alternative ta soybeans

as a source of protein for dairy COWS.

Crop-mix decisions appaar to be fairly sensitive to relative priees LHeady,

1982). The objective of selecting a specifie produdion system or crop-mix is to

maxirnize the net value of outputs obtained tram the land (Baffoe, 1982). By

choosing a specifie aop-mix, producers could maximize theîr gross margin over the

period.
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2.6.2 Production of low-input feeds for dairy production

The gross margin trom dairying is influenced by the cost of feed ingredients

used in ration formulations, the quality of feed ingredients and feeding balanced

ration at the proper time (Mason, 1995; McCullough, 1973). Mason (1995) states

that offering less feed or reducing the level of high cost feed ingredients might lower

feed costs. However, underfeeding protein may cost more than overfeeding (Erba

and Knoblauch, 1995; Epplin and Heady, 1984; Van Seest, 1994).

More than seventy five percent of the production cost of dairy fanns is

accounted for by feed. Thus, strategies to reduce feed costs may directly increase

net incarne par unit of dairy produds produced (Gempesaw et al., 1992; Hulme et

al., 1986; Pond et aL, 1995). Furthermore, strategies that reduce the cost of feed,

hence the cost of producing a litre of milk, may enable dairy fanners to gain graater

financial benefits and increase their ability to compate in domestic and international

markets. Long-term profitability and survival of modem dairy farm operations

requires that the farm operators have an understanding of the biological factors

influencing milk production, knowledge of production economics and management

skiIls. Nonetheless, appropriate use of such knowledge and information by itself is

not sufficient, but a necessary condition for 5uccessfu1 dairy farming (Kalter and

Skidmore, 1991).

Increases in the priees of fuel, inorganic fertilizer and chemicals as weil as

costs associated with continuous monoaopping (e.g., decline in crop yield and

losses in fertility) have created a situation where the marginal costs are increasing

more rapidly than marginal retums of farmer producers (Reganold et al., 1987).
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Increased reliance on non.renewable resources. such as fossil fuel based

agrochemicals contributes to vulnerability of dairy faon incarne, to disruptions in the

supply of crude oil or priees offertilizer (Lai, 1995; Peterson et aL, 1990). Therefore,

adoption of alternative livestock feed aops that consume less N fertilizer and require

few field operations may increase net ratums to dairy producers (Hough, 1979; Lai.

1992; Solbrig and Solbrig, 1994).

2.&.3 Priees and substitutability of feeds in dairy production

Feed grains and oilseed meals exhibit a high degree of substitutability

(Motha et aL. 1972). The substitutability offeed crops may depend on relative priee,

growth rate of the consuming animal and the ability of the feed to meet the nutritional

requirement of the animal (Motha et aL, 1972). To maximize retums fiom dairying,

farmers must search for the least expensive ration formulation (Heady et al., 1976).

This may depend upon the substitution of high for low cost feeds and the marginal

rate of substitution between the various classes offeeds (Heady et al., 1976).

There is a potential for using lupins as a source of protein supplement,

especially in dairy production (Hale and Miller, 1985). May et.al. (1990) reported

that feeding lupins as a protein supplement to lactating cows produced the same

amount of milk to that produced by cows supplemented with soybean meal. The

same result was found by dairy farmers in Minnesota who substituted lupins for 100

percent soybean meal in their ration (zahradnik, 1984).

Guillaume et. al. (1987) showed that cows fed lupins consumed less dry

matter than those fed soybean meal and observed no significant difference in the
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level of milk produœd. Furthermore, the performance of dairy animais fad on lupins

was found similar to animais fad on soybeans (Broqua et aL, 1984; Hawthorne and

Fromm, 1978; Kung et al., 1991).

Snapp and Jolliff (1988) stated that dependence on relatively few feed crop

varieties and purchased feed may inaease the vulnerability of dairy farmers to

environmental and economic fluduations. Dairy farmers import a large volume of

supplemental protein trom the U.S. Il is reported that the priee of feeds in the U.S.

are near a 15-year high (House, 1996). Milk to feed ratio is expected to be

considerably lower in the yaars ahead prompting producers to be more conservative

in the type and amount of concentrate they feed ta their cows (Muirtlead, 1996).

Incraases in the priee of feed in the U.S. may be passed to Canadian producers if

imports of supplemental protein continue ta rise. To promote self-sustaining dairy

production, therefore, Canadian farmers should explore alternative low cost feeds

that would meet the nutritional requirement of dairy cows (Hooge, 1996; Johnson et

al., 1992).

2.7 Effect of govemment programs on adoption of livestock feed crops

Low-input agricultural systems have not been financially competitive with

traditionaJ production systems largely because of relatively lowar priees received for

legumes and other Jaw-input systems (Hoag and Jack, 1990). It is reported that

commodity programs do not provide incentives ta farmers ta adopt sound crop

production pradices, restrid the possibility of more sustainable crop rotations and

penalize those who try them (Lyman et al., 1990; Young and Goldstein, 1988). On
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the other hand, low or zero subsidies may be a major economic barrier to the

adoption of alternative agricultural systems (Diebel et aL, 1995).

Adoption of an alternative cropping system may arise out of the need to

reduce enviranmental degradation, sever sail erasion and depletion of natural

resourees and coneem for the future of family farms (Madden, 1989). Yield

uncertainties, lack of established markets, volatile market priees, agronomie

problems and fear of losin9 farm program benefits may discourage them fram

adopting alternative low-cost feed crops (Lockie et aL, 1995; Painter et al., 1995).

Painter et al. (1995) reported that inaeases in adoption of an environmentally

sound and economically viable altemative crop systems might demand multifaceted

efforts of policy reform, research and education. To reduce soil vulnerability to water

erosion, farm programs should be designed ta include soil-building crops and

cropping practices that increase organic matter in eroded soils.

Govemment support programs, by reducing farm risks, may have contributed

to the continuous use of conventional production methods that do not contribute to

soil conservation. Higher commodity priees in the absence of govemment support

programs may increase farmers' incentive ta protect soil from degradation (Painter

et al., 1995; McNeely, 1988). Other studies have argued that increases in

agricultural commodity priees may lead ta greater soil degradation as the land is

cultivated more intensively (Innes and Ardila, 1994; LaFrance, 1992).

Canada intends ta phase out subsidies ta industrial milk by the year 2002

(Leger, 1996). Quebec dairy producers will be affeded by this phase--out of

govemment support. It is estimated that Cuebec dairy producers will lose a total of
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$76 million in direct payment, as a rasult of phasing--out of subsidies (Leger, 1996).

This phase-out will alsa affect subsidized aops such as soybeans. This trend in the

withdrawal of government support may create a favourable situation for lupins to

become an alternative low cost aop to substitute for soybeans

2.8 Methods of evaluating agriculturaJ production problems

2.8.1 Introduction

Farmers must make decisions regarding the types of aops to grow,

quantities to produce, methods of production and timing of the production plan.

Decisions have to be made subject to physical and financial constraints. Analytical

approaches used to examine farm management decisions include

inventory/descriptive studies, predictive (statistical studies), normative allocation or

use of partial budgeting and whole farm planning, input-output modellîng, simulation

and mathematical programming (Heady and Vocke, 1992; Hazel! and Norton, 1986).

Each of thase models has their advantages and disadvantages (Heady and Dillon.

1961). Various categories exist within each analytical approach. For example,

mathematical programming incJudes single or multi-period linear, dynamic, integer,

separable, stochastic and non-linear programming. Commonly used analytical

approaches to examine agricultural production problems will be reviewed below.

2.8.2 Partial Budgeting and whole fann planning

Partial budgeting is useful for analyzing and comparing alternatives where

the proposed change affects only a small part of the total farming operation (Kay,
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1986). Partial budgeting examines the irnpad of changing a specifie adivity on net

farm incarne, holding ail other factors constant. In other words, this approach does

nat examine the impads of introdudng or removing an adivity on the long-term

viability of the farm. It examines only the reœipts and expenses that are expected to

change with a change in a fanning operation and compares only a few adivities

(Osbum and Schneeberger, 1983). It doesn't require preparing a complete budget

and can not be used to develop a plan for an entire farm. However, it is useful for

checking the feasibility of deeisions such as adoption (produced or purchased) of

substitutes of currently used inputs. It can assist in the development of a whale farm

plan (Kay, 1986; Osbum and Schneeberger, 1983).

Whole farm planning is a systematic planning procedure that works by

selecting enterprises with the highest ratum par unit of the most limiting resouree

used to achieve the profit-maximizing plan (Kay, 1986). Whole farm financial

analysis can be undertaken to examine the feasibility of different farming systems,

such as rotations and the sensitivity of feasible farm plans ta input and output priees

and govemment support program (Leddy, 1987).

Govindasamy and Huffman (1993) employed marginal analysis of land value

to examine yield potential of different management pradices. They found that

conservation tillage inaeased yield on mast soil types compared to traditional

pradices. Furthermore, rotations increased yield and reduced soil erosion

compared to monocropping. Govindasamyand Huffman (1993) have also analyzed

the effect of controlling soil erosion on net income of representative farms in Iowa.

They restricted cropping adivities to limit the amount of soil loss ta less than or
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equal ta a tolarance level of 20 t ha"1 y"1. This study indicated that faonars lost

between sa.60 ta $6.06 for every tonne of reduction in the toleranœ level. However,

the marginal cost of controlling sail erosion is not the same for each tonne of soil

saved. As more soil conservation measures ara amployed, the cost of these

measures inuease rapidly (Govindasamy and Huffman, 1993). However, Sinner

(1990) stated that there are considerable debates about the value of the toleranœ

level and how it is determined. Sensitivity analysis of plus or minus 25 percent

showed that a cropping system (e.g., rotation) would be profitable when the

tolerance level is set at 20 t ha"' but less profitable when the tolerance level is

reduced to 15 t ha-' (Sinner, 1990).

Diebel et al. (1995) used whole-farm analysis to compare conventional and

alternative cropping systems. They found that the latter showed lower cost of

production compared to the former system. Johnson (1979) used budgeting to

identify the rotation that gives the maximum retum to the farm. A similar study was

conduded by Culver et al. (1985). The findings suggest that rotations that involve

legumes maximized net farm incarne.

Oison and Putnam (1991) used a whole farm budget for lupins and

soybeans. They found that lupins did not have an economic advantage over

soybeans when grown as a cash crop in ragions suitable for soybean production.

Using benefit-cost analysis in a whole farm setting Oison and Putnam found that

soybeans gave greater net revenue (about $57.06 ha"') compared to lupins. This

was attributed to higher soybean priees and high seed priees or cost of produdion of

lupins. However, farmers in the Midwest of the U.S. have grown lupins for less than
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$100 per tonne, compared to $225 to $230 par tonne for soybeans (BeU, 1991;

zahradnik, 1984). These differences in cost of production may be due ta differences

in management strategies followed by farmers (Mayer et aL, 1996).

2.8.3 Production Functions (Economebic tools)

The production function relates inputs to outputs with the objective of

identitying the structure of production that maximizes gross margin. Details

regarding various fann applications of production functions are found in Heady and

Dillon (1961) and Dillon (1976). Classic production functions have severa1

drawbacks such as the assumption of continuity of the same production function

over an indefinite time (a:i$ume that ail resources are perfectly exhausted, strict

concavity), ignores existence of local optima and the inability of incorporating

detailed technical coefficients in to the structure of the production function.

2.8.4 Linear programming

2.8.4.1 Introduction

Linear programming (LP) can handle specifie produdion structures and

restrictions or constraints. LP makes provisions for discontinuity in production

functions, uncertainty and non-exhaustion of resources. Most studies that have

examined farm decision or allocation problems have used LP tool. Single period

(short...term) and multi-period (Iong...term) linear programming methods have been
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widely used in applied farm decision problems (Agrawal and Heady, 1972; Heady

and Candler, 1958).

Linear programming is a mathematical technique in which an optimal mix of

produdion methods and crops is derived by alJocating limited resources (such as

land, labour, and capital) among various production activities to achieve the highest

net farm retum. It is a logical and operational framewor1< that optimally organizes the

amount of complex information for farm decision problems (Agrawal and Heady,

1972; Hazell and Norton, 1986; Johnson et aL, 1993). It involves the maximization

or minimization of a linear fundion (profit or cost) subject to linear inequalities

(Heady and Candler, 1958). Solutions to a linear program indicate when and how

an optimal plan will change due to a change in the use of input (such as pesticides)

or a change in market priee (Lazarus and White, 1983).

Linear programming methods help answer questions frequently asked by

farmers such as how much area to allocate for pasture (fodder crops), conserve for

hay and silage, whether or not to purchase the adjoining farm, raise own heifer

replacements or buy them and how much additional capital can be prcfitably

invested in the business (Olney and Standing, 1989). Restrictions such as land,

labour, and building capacities limit the alternatives availabJe to the farmer. Linear

programming can handle the interactions of complex farming systems that other

techniques such as partial budgeting can net. The ease with which complex

computational problems can be handled makes lP an extremely powerful technique

capable of solving problems with thousands of variables and constraints as weil as

multiple objectives, risks and planning over time (MeCan and Nuthall, 1982; Nevo
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and Podmore, 1994). LP is an efficient means of answering ecor.omic questions

conceming farm planning, livestock feed formulation and produd mix (Agrawal and

Heady, 1972; Hazell and Norton, 1986; Kay, 1986; McCart and Nuthall, 1982;

Osbum and Schneeberger, 1983).

With limited resources, a farmer must identify production inputs that provide

the highest ratum par dollar invested and make allocative decisions taking into

aceount these alternatives (Munson and 0011, 1959). Most farmers frequently

develop farm plans with the assumption that only land, without considering the

supply and demand of other inputs, is the Iimiting fador in crop produdion.

However, in livestock produdion, a farmer must alsa consider factors such as the

nutritional requirements of dairy cattle, storage and barn capacity. Formulation of

least-cost and balanced rations for dairy cows is an important strategy of a

successful whole farm plan. Producers have to employ a tool that can effectively

determine the effects of an inadequate supply of a particular resource given ail

relevant data. The tool should select the optimal farm plan with the highest net

ratum from ail feasible alternatives.

2.8.4.2 Single-period linear programming

Mayer et al. (1996) used different optimization methods in multi-dimensional

dairy models and found that LP is a more useful tool than other models. LP

modelling and its extensions are employed to assist in the economic decision

processes of crop planning. The advantage of LP over other farm management

tools inctude i) many adivities and restridions can be considered at the same time,

ii) explicit and efficient optimum seeking procedure is provided, iii) results trom
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changing variables can be computed easily once the mode1 is formulated and iv)

enables incorporation of new production techniques (Nevo and Podmore, 1994;

Wossink et aL, 1992).

Single-period linear programming has been used to analyze cropping

systems (Narayanan et al., 1983; 5wanson, 1956). The single-linear programming

model requires:

i) farm adivities, units of measurement, resource requirements and

constraints on their production;

ii) fixed resource constraints of the farm; and

iii) activity retums net of variable costs or gross margins;

Let Xj represent the land allocated ta the jth farm activity (where j = 1... , n),

Cj represent gross margin of a unit of the jth farm activity ($ ha-1
),

aQ is the quantity of the jth resource required to produce a unit of the jth activity for

i=1 to m, and

bj is the amount of the ith resource available to the farm.

The LP model (deterministic single-period) can be written as:
n

Max Z =rCj Xt for ail j=1 to n
j=1

Subj~d to

m
ra, Xt <= ~, for ail i=1 to m
1=1

and Xj>= 0,
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This simple mode1 assumes (1) optimization (an objective function

maximized), (ii) non-zero right hand sida coefficient (fixedness), (iii) finite number of

adivities and constraints (finiteness), (iv) ail Cj, aij and bi coefficients assumed to be

known (determinism), (v) resources can be used and activities produced in

quantities that are tractional units (continuity), (vi) ail units of the same resource are

identical (homogeneity), (vii) adivities are additive and no interaction effects

between adivities are permitted (additivity), and (viii) gross margin and resource

requirements per unit of adivity are assumed to be constant regardless of the level

of the adivity used (proportionality).

Madden (1989) employed LP mode1to study the feasibility of conventional

and organic agriculture. The study was conducted to identify the profitability of a

transition scheme from conventional to organic farming. Profitability of organic,

conventional and no till systems were examined using a LP models in Pennsylvania

by Domanico et al. (1989) and Domanico et al. (1986). These studies found that net

incorne inaeased as small grains were dropped trom rotation. Dobbs et al. (1987)

examined different production sequences of conventional, minimum till and no-till

systems. They found that the conventional system, grown under different alternative

management practices, provided 5 to 9.5 percent higher than no-till net farm retum

(Dobbs et al., 1987).

Berglund and Michalson (1981) found that tarm incarne in Idaho was reduœd

by 8 percent when farms usecJ different soilloss control strategies. Johnson and Ali

(1982) found that fallowing reduced incorne risk and generated higher expected net

retums under priee support conditions. Short and Heady (1983) reported that when
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commodity priees are higher, farmers may find it profitable to control soil erosion to a

level where future commodity priees equal the cost of present soil control.

EI-Nazer and McCarl (1986) used LP to solve profit maximizing and risk­

averting decisions. They found that the choice of a rotation plan that maximizes

profit was different when risk was included in the model. Pannel! and Falconer

(1988) studied the value of nitrogen flXed and applied on a dryland aop-livestock

farm in Australia. They found that the total benefits of legumes for cereals exceed

those trom nitrogen fertilization. They also reported that the benefit of lupins was

better than other legume crops (Pannell, 1995; Pannell and Falconer, 1988). Sorne

studies estimated that, lupins when integrated into a farming system would increase

net retum by about $11,000 per year (Erwing et aL, 1987).

Lazarus and White (1983) studied the ratum ta farm aperator labour and

management for different cropping systems on dairy farms. They found that

continuous cropping systems produced lowar yields. A similar model was used by

Crowder et al (1985) to choose a farm plan that maximizes net farm incarne subjed

to specifie economic and environmental constraints. Heady and Vocke (1992) used

an inter-regional programming model to calculate the impacts of soil erosion and

nitrogen run-off. A aopping plan that incorporatas legumes was found to produce

the maximum profit (Crowder et al., 1985).

Berentsen et al (1991) used an LP model to maximize labour incarne. The

model examined the effects of institutional, technical and priee changes on the farm

plan, profitability and nutrient loss. They found that the negative economic impacts
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on the environment could be compensated by positive environmental improvements

in the long run.

Utter and Justus (1961) employed an LP mode1ta determine the maximum

net retum trom different aopping systems. The feasibility of a rotation induded in

the analysis was based on a sailloss of 12 t ha°1 or more than 5 t aae-1
• They found

that a rotation on terraced land showed the maximum profit while keeping soi1

erosion below 5 t aae-1 y-1

An LP model was used by Pope et al. (1983) ta identify a farm plan that

maximized net retum trom the use of conservation tillage by a representative farm in

Iowa. They compared soil lasses from the different management pradices and crop

rotations. Their findings suggested that sound crop rotations could be an

economically viable means ta reduce sail erosion. Similarly, Doster et al. (1983)

noted that farmers could afford to reduce sail loss below the tolerance level without

sacrificing yields by adopting less intensive aop rotations.

Most applications of LP do not assume growth. That is, they assllme no

change in the technological coefficients over time. Most LP models are single­

period and assume a certain economic environment (that is perfect knowledge of

priees, yield etc.). While complex LP includes risk and uncertainty however, mast

studies use sensitivity analysis ta capture sorne aspects of the uncertain

environment.
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2.8.4.3 Multi-period linear programming (MPLP)

Single-period optimization models are often used to analyze short-term

eeonomic profitability (Heady and Candler, 1958). However, two level decision

making proce~es, short and long run, represent the economic behaviour of

agricultural producers. Farmers make decisions in the short-run regarding types of

output to be produced (type and allocation of acreage), variable inputs assuming

technology and existing physical capital as given (Antle and Capalbo, 1991).

However, decision problems that extend over more than one cropping year and

involve many craps can be examined using multi-period linear programming

(MPLP). For long-run plans, MPLP is considered the bast tool for solving these

complex farm problems (Antle, 1983; Mayer et aL, 1996; Neve and Podmore, 1994).

The MPLP for t number of years can be given as:

Max LLC_ (1 +ryt X;. - LLE_ (1 +r)-« X, + TVOA + AlVLL

Subjed to

LLLaijt~ <= bt

~>=O

where: Cjt is gross revenue from jth adivity in the tlh year,

(1 +r)-« states for the present value interest fador at r discount rate and for the tth

year,

X;. is the Xth adivity in the tth year,

EJ is total cost of the kt adivity in the t(h year,
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n!CA is terminal value of depreciable asset,

ATVL is adjusted terminal value of land,

a. is input~utput coefficjent; and

bt danotas quantity of the ith resource available

ln agriculture, sound planning requires the recognition of the annual risks and

retums associated with various farm enterprises (Johnson et aL, 1993). Planning

becomes even more complicated when the dynamic aspects of many agricultural

processes are considered. In any given year, the ultimate selling priee for a crop is

generally unknown and priees are largely beyond any individual farmer's control

(Duffy and Taylor, 1993). Hewever, priees of products under quota are fixed taking

into account the cost of production. Yields will vary with farming practiees. Sorne

cultural practices, such as rotation management, add anether dynamic aspect te the

agricultural envirenment. Crop choices made in one period may have a residual

impact on yields in one or more subsequent periods. Sound farm planning must

account for these dynamic effects.

Multi-period linear programming (MPLP) models are used to optimize net

retums over severa1production cycles. In building MPLP, il is necessary to decide

on the number of periods (planning horizon), assign terminal values ta investments

that extend beyond the planning horizon selected and ensure that the model reflects

farmers initial starting investments. Fox et al. (1991) summarized studies that have

estimated the costs and benefits of short or long run cropping plans in controlling

soil erosion through the adoption of different produdion systems using MPLP. Costs
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of reducing erosion ta a toJerance level were found to be greater than their benefits

(Fox et aL, 1991). Depending on the erodibility of the soil, the type and duration of

rotation, it is estimated that incorne from farming may be less profitable when soil

control measures are incorporated in the model.

Miranowski and Hammes (1984) employed MPLP ta choose a farm model

that will maxirnize the net present value of crop produetion. They found that if

farmers recognize the produdivity impad of soil loss and maximize long-run net

retums, they would adjust theïr crop management practices in response to the more

significant productivity losses associated with sail erosion.

Dabbert and Madden (1986) used a MPLP model ta study the profitability of

Iivestock and crop production in Pennsylvania undertaking a transition from

conventional to organic farming. They found that net incarne from organic farming

was less than conventional farming. Heady and Vocke (1979) used MPLP ta

evaluate the impact of cantrolling soil erosion on net farm incarne. They found that

net farm incarne declined by more than 7.4 percent. Hence, without govemment

support, a substantial increase in food priees is required to compensate the incarne

loss to producers.

MPLP was used ta incorporate the time element of multi-year production

process and long-term investment, (Baffoe, 1982; Irwin, 1968). Baffoe (1982)

examined the costs and benefits of cropping systems in the presence of soil erosion

constraints. The study was used to identify a cropping plan that maximizes the

present value of net retum (Baffoe et aL, 1986; Forest, 1992; Fox et aL, 1991; Kurtz

et aL, 1984). Baffoe et al. (1986) found that cereal based cropping systems could
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be more profitable but induced a higher rate of erosion compared to legume based

aopping plans. Stonehouse et al. (1988) used MPLP ta examine the profitability of

different cropping plans under different yield trend scenarios (Stonehouse et aL,

1987). They found that com-soybean-winter wheat was more profitable than a com­

soybean cropping plan. Other studies used dynamic programming and risk

programming to examine multi-period farm planning problems (Katz, 1985).

2.9 Justification for use of single period LP

The present study investigates the producer's single period decision

regarding i) profit maximization; ii) the impad of an erosion constraint, and iii} the

impad of a nitrogen constraint. One of the reasons often given by producers for not

adopting sustainable pradices is the negative impad these pradices have on the

short-term profit of the farm. Previous agronomie research indicates that lupins can

provide environmental benefits, with regards to soil erosion and nitrogen fixation.

This study will investigate the impad of lupins on the short term gross margin of a

dairy producer and account for the environment benefits. This study will use a

single period LP to estimate these short-term impads on a crop of an average year

within a crop rotation.

2.10 Conclusions

Agronomie and economie aspects of legumes or feed crops and lupins have

been reviewed. In general, the literature and available evidence seems to suggest
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that the competitiveness of the dairy industry could be enhanced through reduced

cost of produdion without redudng the quality of milk produced. One strategy ta

reduce the cost of produdion is to search for livestock feeds that are low-cost and

high in nutrient content. Compared ta legumes such as soybeans, lupins seem to be

a promising source of Iivestock feed.

Various descriptive, statistical and mathematical tools have been used ta

examine the feasibility of introducing an alternative aopping system or crop into an

existing farming system. These methods indude partial budgeting, whole-farm

planning, production function analysis and mathematical programming. Each of

these methods is applicable in different situations or to investigate different farm

planning decisions.

The present study intends ta examine the feasibility of incorporating lupins in

a cropping plan as a source of protein supplement ta dairy caws. Although the

problem is multi-period, the present study will examine the feasibility of incorporating

lupins in a cropping plan as a single-period farm planning decision. Uneertainty

regarding future values of important parameters such as govemment programs

(subsidies), priees, etc. and scarcity of data neœssiated the use of a single-period

optimization method. However, severa1activities, and mixes of crops and Iivestock

enterprise will be examined.
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Chapter III

Method of Analysis

3. 1 Introduction

This chapter provides i) the framework to analyze the problem identified in

chapter 1; ii) describes the typical dairy farm in Southwest Quebec; iii) desaibes the

model, and iv) includes the objective function and constraints.

3.2 Study area and representative or typical dairy farm

The study area is Napierville, in Southwest Quebec, about 30 km south of

Montreal. Oairy production is the major enterprise in this ragion. The climate in the

region is suitable for growing pasture and other fodder crops for dairy ration

formulation. The farming system ta be modeled has an average growing saason that

covers the months of May to Cctober.

The representative farm in this study is based on the average dairy fann in

the ragion from the 1994 census of agriculture (Isabelle et aL, 1995). The farm

contains 122 ha of land. A sole proprietorship business is assumed with a husband

and wife partnership. The farmer can choose the combination of crops in arder to

maximize gross margin. The land and soil type is suitable for any temperate zone

crop. The crops considered on the farm incJude grain corn, corn silage, barley, oats,
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alfalfa hay, alfalfa silage and sorghum silage. In addition, soybean and lupin can be

grown as protein supplements.

The typical dairy farm is assumed to own 42 head of Holstein milking cows,

30 heifers of which 16 are open heifers and 14 bred heifers and 12 calves. The

model assumes that the average weight of a Holstein CJJW is 650 kg and produces

67.57 hectolitres of milklyear (Isabelle et al., 1995) that contains 3.75 percent

milkfat. These figures are average values taken trom GREPA but the model will

select the number of animais in each group that will maximize the gross margin.

The lactation length is 44 weeks (305 day) which is divided into two periods: the tirst

10 weeks and the second~ weeks. The remaining 8 weeks is the dry period.

ln arder to maintain the number of milking cows constant during the study

period, the farmer is assumed ta replace dead and culled COWS. The reason for

maintaining the number of cows at a predetermined level is because raising cows at

less than the optimal number is assumed to decrease the gross margins.

For planning and management purposes, the replacement dairy heifers are

divided into three age groups. These are: i) calves (1 week-6 month old); ii) open

heifers (7-15 months old) and Hi) bred heifers (16-24 months old). These age

groups are proportional with the number of mature caws. Therefore, proportionality

exists between each group and the number of mature cows. The coefficient of each

group is expressed as a fraction of a young animal to a caw. Forest (1992)

calculated that the animal equivalent of calf, open heifer and bred heifer to a cow is

0.375, 0.368 and 0.335 respectively. The number of deaths and culled cows are

expressed as a fundion of animal equivalents par year. Birth and culling rates are
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taken into aceaunt in detennining the size of the herd and the number of animais in

each group.

The mortality and culling rate of the mature cows is 2 and 32 percent

respectively. This is typical for Quebec dairy fanns (Fcrest, 1992). It is assumed

that farmers keep a fixed number of animais in each group, and that the dairy herd

replacement rate is equivalent to the number of cows dead or cufled each vear.

Regarding unproductive cows. il is assumed thal cows nat kept are replaced

with twa vear old heifers. Of the live calves, 50 percent are assumed to be bull

calves and are sold as socn as they weigh 90 pounds. Mortality rate of calves is 10

percent while that of open and bred heifers is 2 percent (Forest, 1992). The

breeding period for heifers is 15 months and theïr tirst milking begins nine months

later. Therefore, heifers will start milking at the age of two years. Failure ta

conceive is assumed to be 8 percent. Heifers unable to conceive are culled

immediately and weigh 550 kg (Forest. 1992). 80th the mortality and cufling rates of

heifers are taken as a percentage of the mature cows. The meat sefling activity is

excluded from the study.

Information tram MAPAQ publications and consultation with experts in the

ragion were used ta detennine the crops grown for livestock fead and cash in this

region. Crop plans that are commonly pradiced bV dairy producers in SWQ were

chosen as a base case. These plans include lupins as a potential substitute for

soybeans. The reason for the choice of lupins as a substitute for sovbeans is its

adaptability ta the region's climate, its high nutritive value for Iivestock and its

potential for soif conservation.

39



•

•

•

3.3 An Overview of the Model

The model building procedure in the present study follows that of Forest

(1992) and Neva and Podmore (1994). The procedure includes model construction

and documentation, quantification of mode1 coefficients trom published data, field

trails, surveys, market reports and private communication.

The objective fundion is to maximize gross margin subject ta physical and

non-physical constraints. The model is expected to minimize fead by choosing a

cropping system basad on the ability of the farm ta meet the nutrient requirements of

its dairy herd. The principal adivities included in the model are production, buying

(straw for animal bedding) and selling of aops (corn grain, barley, oats, soybeans,

and straw), nutrient requirements for the animais and milk production.

The present study will undertake a single-period optimizing scheme that

incorporates lupins into a crop plan of a typical dairy producer. Land is

characterized as fixed and allocable. The model will generate an optimal farm plan

assuming that farm policies, technologies. priees! etc. remain unchanged. While it is

possible to explore changes in optimal farm plans as a result of changes in these

parameters, the current study is restricted ta undertaking a sensitivity analysis on

the provision of subsidies to lupin growers. This was done so that the latter can

effectively campete with soybeans.

Linear programming has long been used to determine least-cost and optimal

rations based on the nutrient ."equirements of cattle and nutrient availability of

feedstuffs (Henery et aL, 1995; Martin and Touchton. 1983). The optimal

cropping system will be based on the feed value of forage and other crops
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produced on the dairy farm. A system of equations is used to design a farm plan

that maximizes gross margin and environmental benefit (decreased levels of soil

erosion and nitrogen fixed).

3.4 Description of the Model

3.4.1 Assumptions

Linear programming problems require several assumptions regarding the

relationship of the various adivities, the nature of the data and the products to be

produced (Bradley et aL, 1977; Utpton, 1996). The present study utilizes a single­

period LP model. However. to minimize uncertainties regarding the reliability of the

results, the following assumptions are made

(i) Revenue from milk sales depends on the amount of milk produced and the

priee received for il. It is assumed that herds with good management can

aehieve the same level of milk production par cow as the average achieved by

herds on PATlO (Programme d'Analyse des Troupeaux Laitiers du Quebec)

test.

(ii)The cost of an average dairy farm ineludes the cost of producing feeds on the

farm, purchased feeds and a wide range of expenses, sueh as maintenance of

field equipment, family and hired labour, cost of seed, fertilizer, fuel and other

expenses associated with feed production. These costs are assumed to

remain constant during the study period.

(iii) Milking cows of a given weight and breed producing the same amount of
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milk require the same amount of dry matter.

(iv) There is no adoption of new technologies, and

(v) The quantity of feed consumed and the concentration of nutrients in animal

diet varies seasonally and across animal type. It is assumed that the animais

are raised in confinement in order to minimize the variation in feed

consumption. Pasture grazing is excluded to avoid variations in feed intake

by an animal in the same category.

The general framework of the model is presented in Table 3.1 on next
page.

3.4.2 Objective Function

The objective function maximizes the gross margin of a representative dairy

farm in Southwest Quebec from the sale of milk and crops in excess of the

nutritional requirements of the herdl taking into aceaunt the storage capacity on the

farm.

ln mathematical terms, the objective fundion is summarized as follows:

n
Max Z = 1: Cj ~ for ail j =1 to n

j=1

m
Subjed to 1: a. >G s b" for ail i=1 to m

i=1

and Xt~ 0,

................................................(1 )

• Z, is variable gross margin of the dairy farm,

42



•

•

•

CI. ratum of the activity i;

~, level of adivity j;

~, technical requirement of adivity j for resource i;

~, level of resource i available.

3.4.3 Constraints

There are four sets of constraints. The first set of constraints are land, labour

and building capacity. The second set of constraints are the crop plan pradices,

which limit cropping plan alternatives. The third set of restrictions are the nutritional

needs of the cows, heifers and calves. The final set of restrictions are the transfers

of crOp5 produced ta either feeding and/or selling activities.

The LP model will select the mast econamical type of cropping system that

ineludes either lupins or soybeans, as a protein supplement, and meet ail the

nutritional requirements for the dairy cows. To do 50, crop budgets have ta be

constructed for each crop. The main production activities are dairy cows. raising

replacement heifers and crop production. Feeding adivities inelude corn grain, corn

silage, barfey, oats, alfalfa haVI alfalfa silage, sorghum silage, lupins and soybeans.

Sales adivities inelude com, barley, oats and soybeans. Sale priees reflect

handling losses, transportation costs and ather transfer costs (Table 3.2). The cost

variables inelude seeds, fertilizers. herbicides, field operation, farm transport,

machinery repair and maintenance, hired labour, harvest insurance, interest on

capital and miscelJaneous (Appendix 1-9). Dietary requirements are formulated
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Table 3.1 Framework for linear programming model of a repre5entative dairy fann in
Southwe5t Quebec

Row Production Crop sales Crop Dairy Milk sale RHS
Identification feeds nutrient feeding

(10-17) (33-34)
(1-9) (18-26) (27-32)

Objective Row
-x x x

Max

(1 )

Labour
x x ~ b1

Availability

(2)

Land
x

~b2
Availability

(3)

Crop yield
x -x ~b3

(4-12)

Dairy nutrition
x -x sb4

(13-S0)

Proportion of
-x s b5

animais

(91-96)

Milk
x sb6

production

(97)

Soill055
x ~ b7

(98)

Nitrogen
x ~ b8

fixation
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• Table 3.2 Crop production and sale activities

ProducOOn !dM!y ~lICtiviI*

CG cs BA OT ALH AlS SG LPN SB seo SB-' SOT SSB RHS
08J -512.07 ·728.43 .J37.43 ·253.8 -- -454.08 -538.8 517.74 .J22.88 182.38 187.08 203.15 326.38 MAX
LAND 1 1 1 1 1 1 1 1 1 1 $122
LABOUR 7.2 20.&4 8 8 3.6 3.6 18.32 V.58 7.2 $6000
YCG 6020 ·1 ~

YCS 12000 ~

YBA J080 -1 ~

VOT 2464 ·1 ~

YAlH 5251 ~

VALS 5320 ~

YSG aooo ~

YlPN 2110 ~

YSB 2420 -1 ~

TOTER 29.n 41.03 32.88 32.99 1.61 1.61 41.03 1.61 31.01 s1708
TOTN 30 30 50 25 ~

TOSTRAW 1.8 2.2 J ~

Where:

CG is corn grain ALS is alfalfa silage SCG is com grain sold

CS is com silage SG sorghum silage SBA is barley sold

BA is barley lPN is lupins SOT oats sold

• OT is oats SB is soybeans 5SB soybeans sold

ALH is alfalfa hay

such that the amount of feed required by a specifie class of cattle meets certain

standards. NRC (National Research Council) requirements are modified for swa.

It is assumed that the fixed costs are constant for bath lupins and soybeans

in tha plan, and that a ratum from the sale of milk is constant. The model assumes

that there will be no change in milk output when the source of protein supplement is

lupins or soybeans. The farm owns ail machinery needed to operate crop

•
produdion. These indude tradors, plows (disc. mould board and chisal), harrow,

cuItivators, a seeder, and seed harvester and forage harvester. The building can
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house 85 animais. The storage capadty is 9000 hay baies and a bunker capacity of

120 tonnes of silage.

Elements of enterprise crop budgets for the representative farm are compiled

tram published sources; such as CREAC, MAPAQ and field trials. Prices are

derived using the Farm Input Priee Index (Statistics. Canada, 1994a). Various costs;

including seed, fertilizer. chemical, fuel and ail, repairs, hired labour and interest

cost are calculated on a par hectare basis far the whole farm as weil as by crap.

Insurance, interest and depreciation are estimated for ail machinery but excluded

trom the crop budgets (Diebel et aL, 1995).

The gross margin can be expressed as fallows:

y =I: HLS + ~ GiS - L VC1

Where:

y is gross margin.

L HLS is incarne trom the sale of milk produced with quota,

GiS is incarne tram grain type i sold and

VC 1is variable cost for crops grown on the farm (C = 1...•m).

3.4.3.1 Labour Constraints

The farm is managed by an owner-<)perator with 6000 hrs of farmer and

family labour par year. However, if field operations require more than this available

labour, seasonal skilled part-time workers are available on an hourfy basis.
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~LBCI + ôcLBLSc ~ r

Where:

LBCi is labour required for crop i,

LBLSc is laber required for livestock class CI

r is total supply of labor and

Q and Ôc: are fixed coefficients

3.4.3.2 Land use Constraints

The representative dairy farm owns 122 hectares and grows feed required for

the herd. The land is dassified as class Il, sandy loam, with an organic matter of 3

percent. It is the assumed that ail forage erops will be grown on the farm.

LAN::; 122, (4)

Where LAN is land size in hectares under cultivation

•

3.4.3.3 Production and Disposition of Crops

3.4.3.3.1 Production

PCI - rCiFDc: - rclSOC ~ 0, for t=1 ...1D

Where:

PCI. yield of crop i

rCfDc, amount of crop i fed to class of livestock c
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I:CISDe, quantity of crop in excess of the nutrition requirements of the herd

and sold

Equation (5) states that yield of aop i less amount of crop i fed to different

cfass of Iivestock and excess feed sold must be greater than or equal to zero. It

means ail requirements of crop j should be produced on the fann.

3.4.3.3.2 Prices

The representative dairy farm in swa receives govemment support (incarne

stabilization) for soybean production. Hawever, the fanner does not receive any

govemment support for lupin production. The support priee far soybeans and the

average lupin priee is used. The underlying crop budget priees were converted te

1994 dollars using Farm Input Priee Index (Statistics. Canada, 1994a).

3.4.3.3.3 Production and requirement of straw

TSTP - LSTPe =a

Where:

...............................................(6)

TSTP1 total straw produced in tonnes

STPCI amount of straw produced from crop C,

•

GCiLGFLSc=O

HCrHFLSc=O

SC.SFLSc=O, for i=1 ...8, c=1 ..k

..............................................................(7)

..............................................................(8)

..............................................................(9)
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Where:

Ge. is grain produce of aop i,

GFLSc is grain fed to livestockl

He. hay producedl

HFLSc hay fed to livestock,

Se. silage produœd tram aop i and

SFLSc silage fed to Iivestock

Equations (7) though (9) imply that grain produced from crop ; must be equal

to grain fad to Iivestock class C, hay produced from crop ; must be equal to hay fed

to Iivestock class CI silage produced fram crop ; must be equal to silage fed ta

livestock class c.

TOTSTRAWCi + llBSTRAW - q>SSTRAWC1 - A CW ~ 0

fSTRAWCi - CiSTRAW =0

Where:

TOTSTRAW is total straw produced from crop il

BSTRAW is straw bought from the market to meet cow bedding,

SSTRAW is quantity of straw sold in excess of animal requirement,

CW is mature cow and

Tl 1 <p and A are fixed coefficients

Equation (10) indicates that total straw produced plus purchase of off-farm

straw for animal bedding minus sold straw and utilized for bedding in the farm must

be greater than or equal to O. Equation (11) states that the total straw produced
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trcm crop Ci is equal te the quantity of straw trom the aaeage of crop Ci, where f is

quantity of straw produced tram a hectare of aop Ci.

3.4.3.4 Livestock Inventory and composition

3.4.3.4.1 Inventory

As mention earlier, the fann owns 42 Holstein cows, 30 heifers and 12

calves. Lactation length is taken as 305 days. The tirst 100 days are considered

the most productive period for the cow. During the second period, remaining 205

days, cows produce less milk and consume less concentrate.

Birth rate of bull calves is also proportional to heifers. The mortality rate for

bull calvas and heifers is assumed to be 1 percent but death rate of cows is 2

percent. The farm buys and salis eath category of livestock ta maintain a constant

herd size. Cows are culled because of low productivity, aging or when they fail to

conceive.

•

3.4.3.4.2 Animal Equivalents

CWi~CW=O

DR -r3CW=O

CALF-xCW=O

OP~CW=O

BR-eCW=O
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Where:

CWI is number of cows in class i (milking cows in tirst or second stage),

DR is a dry cow in the last two months of gestation period,

CALF is calf under six months,

OP is open heifer 7 to 15 months old and

BR is a bred heifer 16 to 24 months old ready to replace old and less

productive milking cows

a., 13, x, cS and e are fixed coefficients.

Equations (12) to (16) indicate that the animal unit equivalent of cows,

calves, open heifers and bred heifers must be equal to K (where k is the proportion

of their respective class for 0 < K < 1

•

• CWj - QmCW =0, for i=1,2

DRt - OmCW =0,

................................................(17)

................................................(18)

•

Equation (17) indicates that the number of lactating cows in first 100 days

(CW1) and in the tirst 205 days (CW2) must be a certain proportion (0) of total

number of cows on the farm. The second equation (18)1 indicates that the number

of dry cows is proportional ta the total number of cows.

rLSc :s; BARC (19)

The above equation (19) states that total number of Iivestock tram dass c (for

c=1 ...j) must be less than or equal to the capacity of the barn. The farm has sufficient
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building space to accommodate ail the machinery and storage for ail the grain, hay

and silage crops required ta feed the herd.

3.4.3.4.3 Milk Quota Constraints

miCOW-uCALF-MLKP=O

Where:

m is milk produced par cow par year,

u is milk consumed par calf and

MLKP is milk produced.

Total milk produced is equal to the milk produced par cow per year times number of

cows less amount consumed by calves.

3.4.3.5 Nutritional requirement of the dairy herd

Demand estimates of nutritional requirements of the dairy herd are based on

specifie maintenance, reproduction and production requirements. Least-cost ration

formulation for ladating and dry COWS, and heifers depend on body weight, number

of lactating days, milk fat and protein percentages (Erba and Knoblauch, 1995;

Gonda et aL, 1995; Van Seest, 1994). Furthermore, information regarding milking

days, environmental temperatures and proximity ta freshening may primarily be used

to predid fsad intake and estimate nutrient requirements (Eastridge and Weiss,

1994).
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The lP model enables the user to vary fead ingredients and their

composition to detennine a balanced least cost feed ration formulation. The

physical constraints of the model restrid the daily volume of feed consumption to

meet the animal digestive capacity. The nutritional constraints assume that the daily

maintenance requirements for each animal are met.

The basic unit in the model is the dairy caw. Milk produdion par cow is

assumed to be fixed. Cultivated land can be used for producing forages, careal

grains (corn, barley, oats), legume grains (lupins and soybeans), silage (corn,

alfalfa, sorghum) and alfalfa hay. Estimates of average daily fead intake and

nutrients for dairy cattle are basad on National Research Council (1989)

recommendations and Pond et al. (1995).

Livestock fead requirements are divided into three categories: maintenance,

maintenance and reprodudion, and milk produdion. The maintenance requirement

depends on body weight. The average weight considered for a Holstein dairy

cow was assumed to be 650 kg. The average weight of a calf, open and bred

heifer was 150 kg, 300kg and 500 kg respectively.

Milking cows are fed according to their body weight, production of milk

and the fat content of the milk. The average milk production was 6757 kg par

year with 3.5 percent milkfat. The lactation period is ten months and the cow is

assumed to be dry in the remaining two months.

For nutritional purposes, a Holstein cow, as described above is

categorized as CW1, CW2 and DR. Where CW1 is a cow in its tirst 100 days,

CW2 is a cow in the last 205 milking days and DR is the dry period. The other
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animais are calves, designated as CALF under six months old, open heifers, OP

(7-15 months) and bred heifers, BR (16-24 months). Feed requirements of each

group of animal is calculated in terms of animal equivalents.

During lactation, CW1 produces more milk and requires a higher quantity

of dry matter (DM), net energy for lactation (NEL), crude protein (CP), acid

detergent fiber (ADF), calcium (Ca) and phosphorus (P) than CW2 and DR.

Similarly, CW2 demands more feed than DR (Berentsen et aL, 1991). For calves

and replacement heifers, the nutritional requirements are based on their daily

body weight gains. The daily weight gain of calves from birth to six months is

about 700 g. For open and bred heifer, weight gain is assumed to be 800 g.

The nutrient requirements for DM, NEL, ADF, CP, Ca, Pare given in Table

3.3. The minimum and maximum energy for maintenance and energy for gain

(NER) for calf, open heifer and bred heifer are calculated by multiplying NEM

(net energy for maintenance) and NEG (net energy for grain) values of NRC

tables of each crop.

Feed is grown on-farm. On-farm grown feeds are charged by the farm at selling

priee. Priees for ail crops are in 1994 Canadian dollar. Priee data is compiled trom

studies by CREAC (Comite de References Economique de Quebec) and MAPAC

(Ministere de l'Agriculture, des Pecheries et de l'Alimentation de Quebec). The

average priee of crops considered in the present study is presented in Appendices

1-9.
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• The mode1assumes that ail individual animais in each category (Iactating,

dry, heifer and calf) are homogeneous with respect to thair nutritiona) requirements.

Furthermore, it is assumed that crops produced on the farm are valued (priced) at

the expected market priee. In addition, the nutritional contents of the feed stuffs are

assumed to remain constant and are shawn in Appendix 10.

The model assumes that the nutritional requirements of the dairy cows

remain constant. The lactation length is taken as 305 days of production.

Dry matter (DM): G1LSc - (a1DMCi+a2DMCi ....a."DMCI) s; 0 ............. (21)

Energy (NEL): G2LSc - (b1NEL1CI+~NEL,CI ....bmNEL,CI) s 0 ...............(22)

• Energy (NER): G2LSc - (b,NER1CI+b:zNER,CI...bmNER,Ci)SO .............. (23)

Protein (PR): G..LSc - (d,PRCj+d2PR,CI ....d.PRCi) sa .............. (24)

ADF: GsLSc - (e,ADCi+92AOCi ....euADC,) sa ...............(25)

Mineral (CA): GelSc - (f,CAC1+f2CACI ... .fvCACi) S; 0 .............. (26)

Mineral (P) : G7LSc - (9'PCi+g2PCI ....QwPCi):5 0, .............. (27)

Where:

•

c= COWS, calves, open heifers, bred heifers, lactating cows in tirst 100 days,

lactating cows in the second 205 days, and dry cows;

GiLSc, ... are yearly intake ot DM, NEl, NER, CP, ADF Ca and P par livestock

cJass c less DM, NEL, NER, ADF, CP, ADF Ca and P produced trom crop i must be

less than or equal to zero (reter 21 - 27).
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The dairy farmer must chose a crop plan that includes, silage, hay,

energy crops (cereal grains) and protein supplement legume grains. Once the

daily feed requirement of each animal in each group is determined, the feed

demand for each class of animal can be determined.

The maximum nutritional requirement for the herd can be higher than the

NRC values (Black, 1996). For example, there is no specifie need for maximum

ADF in the daily requirement. ADF is a factor used to determine the energy

level in a specifie feed and it is inversely related to NEL and DM intake.

Similarly. the model assumes that no limitation of NEL will be placed on CW1.

However, DM and ADF are factors that must be taken into account in

determining the maximum nutrients requirements.

3.4.3.6 Environmental constraint

3.4.3.6.1 Soil Erosion

It is assumed that plant nutrients are evenly distributed in the topsoil. The

maximum sail erosion tolerable level is defined as the permissible soilloss that will

maintain long-term productivity. Farm-specific data on soil erosion was not available

for the present study. The revised universal soil loss equation for application in

Canada (RUSLEFAC) was used to estimate the soil erosion on the farm (Pringle et

al.. 1995).

RUSLEFAC was used instead of the universal soil loss equation (USLE)

because it is the mast up to date means of estimating soil loss. More importantly, it

was designed to take into account ail aspects of Canadian weather and other
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related conditions, such as snowmelt. Most of the coefficients needed ta estimate

the RUSLEFAC wero obtained tram Pringle et al. (1995) with sorne additional

information tram personal communications and the published Iiterature.

Mathematically, the sail erasian constraint was defined as:

LE~Cm s TOTER, i=1, 6, j=1 6, m= 1 8 and (28)

Where LER,Cmrefer ta soil erosion in tonnes ha~1 and crop respectively. The

equation states that the total erosion fram the farm is less than or equal to a fixed

amount of total erosion (TOTER).

3.4.3.6.2 Nitrogen Fixation

Nitrogen fixation is one of the major contributions of legumes. The quantities

of N left over after lupin, soybean and alfalfa are taken tram published sources,

research reports and articJes. It is reported that lupins and soybeans leave 180 and

56 kg Nha" foilowing their harvest respeetively (Armstrong et al, 1995; Vanotti and

Bundy, 1995, Bundy et al., 1993). However, sorne extension experts in the ragion

suggested that most values obtained from the literature are high and suggested

these data be modified to refled the climatic condition and farming pradices of the

studyarea. Therefore, it was recommended that the N transfer be 50 and 25 kg for

lupins and soybeans respectively (Leduc, 1997).

For alfalfa the amount of N left in the field is based on the duration of the crop

in the field. Each crop plan is planned 50 that the forage crops, such as alfalfa, are
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grown for at least for 5 years. Therefore, the yearly average N transfer for alfalfa is

taken as 20 kg (Leduc, 1997).

TOTN ~ rNSCm (29)

Where:

TOTN is total N transfer (N leftover in the soil after legume harvest)

l:NSCm is net N contribut!on trom each legume aop

3.5Summary

The single period LP model has been designed to maximize the gross margin

for a typical dairy produdion in swa. The model takes into aceaunt the buying and

selling adivities of the producer. The model is constrained by the nutritional

requirements of the herd, land availabilily, labour, milk quota and environmental

concems (soil erosion and N fixation).

3.6 Data collection

Estimates of input and output price indices were derived from a variety of

sources including CREAQ (Comite de References Economique de Quebec) and

others were collected from MAPAQ (Ministere de l'Agriculture, des Pecheries et

de l'Alimentation), Direction des Etudes Economiques, Service de l'Economie de

la Production, St. Martin MAPAQ branch, UPA (Union Producteur) and GREPA

(Groupe de Recherche en Economie et Politique Agricoles) and consultations

with farmers, extension and research personnel of the region. Milk priee for the
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year 1994 was obtained from the Milk Producers of Quebec, FPLQ (Federation

des Producteur de Lait du Quebec). Outputs included in the model are com

grains, corn silage, barley, oats, alfalfa hay, alfalfa silage, sorghum silage, lupins

and soybeans. Only variable costs that vary with the volume of output were

considered. These include seed, fertilizer, pesticides, other materials, operating

machinery costs, hired labour, marketing charges and interest on operating

capital. Priees, gross margins and variable costs were assumed to remain

constant in real terms during the study period. Farm-gate priees for crops were

calculated as the average over a 6-year period (1989-1994). Whenever

possible, actual field data from the Southwest auebec ragion were used in the

analysis. However, sorne of the field data were modified due ta independent

evidence that sorne of the yield data might not have baen accurate.

Sail erosion and N fixation figures were take from a typical Quebec farm

production plan and different publications. In some cases published coefficients

~vara revisad aftar discussion wlth agronomists, soil scientists and dairy experts

of the region. Moreover, sorne priees were normalized using priee indexes of

variable inputs.
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CHAPTER IV

Results and Analysis

4. Results of the analysis of linear programming

4.1 Introduction

This chapter includes the results of the base case scenario and sensitivity

analysis of key parameters that may affect the gross margin and crop mix of the

representative dairy farm. In the tirst section, the base case scenario is defined

as having no restrictions on soil erasion and N fixation. Then, changes in the

cost of production, yield increase, lupin seed, government subsidy, erosion and

nitrogen constraint, priee of straw, land and labour are investigated. Finally, a

discussion of the results is presented at end of the chapter.

4.1 Base case scenario

The base case scenario refers ta the current situation with no adjustments

for the lupin cost of production, soil erosion or N fixation. The following crops

are included in the base case scenario crop plan: corn grain, barley, oats,

soybeans, alfalfa hay and silage, corn silage, sorghum silage. A total of 35 dairy

cows, 13 calves and 14 open and 13 bred heifers are raised on the farm.

Dairy farmers receive government support (subsidies) for ail grain crops

including soybeans. Under this scenario, the dairy farmer produces feeds with

conventional farming practices and the soil erosion constraint is not imposed.
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The farmer cultivates the 122 ha and operates with a total of 6,000 hours of

labour supplied by the family.

The model results confirmed that the current cropping plan, that includes

soybeans, is optimal. This result implies that producers are acting in an

economically rational manner in their decision to grow soybeans instead of

lupins as the major source of protein supplement. These findings are based on

a cropping plan that does not take sail erosion into aceaunt, nitrogen fixation and

the potential subsidy for lupin production.

The optimal crop combination, least-cost ration for the dairy herd of the

representative dairy farm, included: corn grain, corn silage, alfalfa hay and

soybeans~ The gross margin for the optimal crop plan, for the base case

scenario was $147,918. This crop plan resulted in an estimated total soil 1055

(TOTER) of 3,504 tonnes per year. The total crop area and family labour used

were 122 hectares and 6,000 hours respectively. Similarly, the optimal dairy

herd of the farm was 75 animais of which 35 are milking cows (CW), 13 calves

(CALF) and 27 heifers, open (OP) and bred (BR). The optimal mix of crops and

dairy herd is presented in Table 4.1

Feed for the milking cows in the tirst 100 days (CW1) consisted of corn

grain (CG), corn silage (CS), alfalfa hay (ALH) and soybeans (SB). However,

feed for the second 205 milking days included CG, CS and ALH for cow2 (CW2).

Ration requirements for the dry cow (DR) and bred heifer (BR) were met with

ALH and CS. The ration for the calves (CALF) and open heifers (OP) was the
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same as that for the dry cow (DR) but SB was needed for bath as a protein

supplement.

The gross margin of the dairy farm is infIuenced by the revenue

generated from milk, the cost of feed production, cost of the crops bought and

the priee received for the crops sold. More of the farm incarne is derived from

Table 4.1 Optimal crop plan for a dairy farmer in Southwest Quebec: Base
case scenario1

•

Quantities

Quantity Values Soilloss Nitrogen fixed
(tonnes) (kg)

Gross margin $147,918
Crops (# of ha)

Corn grain (CG) 83.36 ($42,686.2) 2482
Corn silage (CS) 19.74 ($14,379.2) 810
Barley (BA)
Oats (OT)
Alfalfa hay (ALH) 13.74 ($5,070) 22 412
Alfalfa silage (ALS)
Sorghum silage (SG)
Lupins (LPN)
Soybeans (SB) 5.15 ($2,597.6) 191 129

Milking cows (# of CW) 35.3
Milk production (# of HL) 2382.2

@$55.17 HL-1 $131,425.9
Sold: Corn grain (tonnes) 442.3

@$192.36 r1 $85,080.8
Bought: Straw (tonnes) 59.3

@$65 r1 ($3,854.5)
Total soil eroded (TOTER) 3504
Total N fixed (TOTN) 541

1Base scenario: Lupin seed is bought every year and the farmer does not
receive a subsidy for lupin growing. There are no constraints on sail 1055 or
nitrogen fixation. Figures in parentheses are costs.
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the sale of milk, although the sale of crops, in excess of the feed requirement for

the dairy herd, is another source of incarne. Under the base case scenario farm

plan, the farm sold more than 442 t of corn contributing to approximately

$85,000 to total revenue. Corn is the most profitable crop to sell. One of the

main reasons for this is the high average annual subsidy paid to corn farmers.

According to MAPAQ, the average annual corn subsidy for the year 1989-1994

was $328 ha-' (MAPAQ, 1989-1994)

The higher the gross margin attributed to a crop, the more likely that it

would be a major part of the annual crop plan. If corn is subsidized and

continues to be a major source of gross margin, the potential of the soil to

produce sufficient feeds will be reduced substantially. This phenomenon would

force dairy farmers to purchase supplemental feed. An important strategy to

ensure long-term productivity of the soil is the stewardship of land through the

reduction of soil erosion. In the currant situation, the least cost solution for the

dairy producer is ta choose a crop combination that relies heavily on corn grain

production (43.7°k) which produces a high level of soil erosion.

Unless environmental considerations are taken as part of the farm

decision making process, the resource base of agriculture will deteriorate and

farmers will experience long term crop yield reduction and ultimately reduced

profitability (Mawapangna and Debertin, 1996). Thus, farmers should not only

be concerned about thair gross margin in the short term but must also include

environmental considerations in their decision making (Pannell, 1996). This

implies that production decisions must take into account additional and
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sometimes conflicting objectives such as environmental benefits and the costs

and tradeoffs between short term higher profits and sustainable dairy farming.

Farmers will be required to make these types of decisions.

4.2 Sensitivlty Analyses

4.2.1. Introduction

The optimal crop mix obtained in the solution is the set of crops that

provides the largest gross margin with the available resources. That iS, the

optimal plan will satisfy land, labour, animal inventory, barn capacity and other

constraints. This section discusses how the optimal combination of crops in the

base case cropping plan responds to changes in the restrictive resources.

Changes in the value of one parameter may have a large impact on the

maximum gross margin. Sensitivity analysis is periormed to examine the extent

to which an oplionai farm plan changes due to changes in selected parameters.

Average values of ail variables such as crop yields, cost of production, market

priees, soil loss, land and family labour were used initially. The magnitude of

these variables can change for a number of reasons. Crop yield can be

affected by the management practices carried out by individual farmers or by

weather conditions. These changes can result in a different optimal solution.

There may be a strong possibility that the initial cost of lupins is high and yield

low. Farmers may obtain higher lupin yields than initially assumed in this study

hence1 lowering the cost of production.
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A sensitivity analysis was undertaken on the cost of production for lupins,

yield of lupins and the effect of a subsidy for lupin produ~tion, inclusion of

environmental factors into the optimal farm plan, farm size and supply of family

labour. These parameters were chosen based on the Iiterature review, trends in

the dairy industry, market and competitiveness of the sedor. It also helps to

evaluate uncertainty of farm revenue or cost as a result of shocks trom factors

external ta the decision-maker. Increasing and decreasing the value of these

parameters in other studies had an impact on the objective function, Le.

maximum gross margin, the cropping plan, the animal numbers and output of

crops (Upton, 1996).

4.2.2 Cast of Lupin Production

Lupins did not enter the optimal crop plan solution at the current cost of

production. The goal of this sensitivity analysis was to examine changes in the

cost of lupin that would ensure its inclusion in the optimal farm plan. The cost of

production for lupins was reviewed ta identify areas where costs were high and

could possibly be reduced. Two changes in the base case scenario were

investigated. The tirst was a decrease in the cost of lupin seed while the second

was an overall decrease in the total cost of production.

One of the assumptions in the lupin cost of production was the cost of

seed. The number of registered lupin seed cultivars are few and farmers were

assumed to buy certified seed every year. In the base case scenario, the cost of
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lupin seed was estimated to be $127 ha~'. The following seed cast were

considered: $75, $57 and $49 ha"'. These values were estimated by taking the

priee of certified seed for one year and using this seed for 1. 2, and 3 years

respectively. Farmers could do this by harvesting enough seed in any one year

to be used the following year. Given no change in yield and no subsidy for lupin

production, it was found that lupins did not come into solution with this variation

in seed costs.

The total cost of lupin production was decreased until it came into the

cropping plan. The cost of production of lupins would have to decrease from

$517.74 to $366.74 ha", approximately $150 ha", before it would come into

solution. lupins entered as a marginal crop (0.01 ha) and didn't remove ail of

the soybeans out of production. This implies that reducing the cost of lupins by

$151 ha-' alone was not enough ta incorporate it into the cropping plan.

Farmers must be able to use their clean homegrown lupin seed for another two

more years or govemment must step in to assist farmers in the form of a

subsidy.

The expected reduction in the cost of lupins. $151 ha-" is approximately

equivalent ta the level of income stabilization given ta soybean producers.

Therefore, reducing the cost of production of lupins by 29 percent would provide

lupins with as similar gross margin as soybeans. However, this reduction in the

cost of lupins was not enough to offset soybean production and the araa under

lupins was only marginal (Table 4.2).
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Gross margin, crop combination and quantity produced, number of

animais, milk and crop sale, total soilloss and quantity of nitrogen fixation under

this scenario was the same as the base case except for the produdion of a small

quantity of lupins. The lupins were used ta supplement soybeans in the CALF

ration. Most of the soybeans was fed to CW1 and CW21 727 and 117 kg y"1

respectively.

Table 4.2 Optimal crop plan of a dairy farm in Southwest Quebec when the
cost of lupin production is $366.74 ha-1

Quantities

Ouantity Values Soilloss Nitrogen
(tonnes) fixed (kg)

Gross margin $147,918
Crops (# ha)

Corn grain (CG) 83.36 ($42,686.2) 2482
Corn silage (CS) 19.74 ($14,379.2) 810
Barley (BA)
Oats (OT)
Alfalfa hav (ALH) 13.74 ($5,070) 22 412
Alfalfa silage (ALS)
Sorghum siJage (SG)
Lupins (LPN) 0.01 (5.2)1 0.3
Sovbeans (SB) 5.15 ($2,597.6) 191 129

Milking cows (CW) 35.3
Milk production (# of HL) 2382.2

@$55.17 HL·1 $131,427.1
Sold: Corn grain (tonnes) 442.3

@$192.36 r1 $85,080
Bought: Straw (tonnes) 59.3

@$65 r1 ($3,852.5)
Total soil eroded (TOTER) 3504
Total N fixed (TOTN) 541

1 Lupin Seed is bought every year and the farmer does not receive a subsidy for
lupin growing. There are no constraints on soilloss or nitrogen fixed.
Figures in parentheses are costs.
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4.2.3 Subsidy for Lupin Production

Obstacles to the widespread adoption of an alternative crop into existing

farming systems may be caused by the current economic conditions, which

makes the alternative unprofitable. Government incentive programs, such as a

subsidy, may influence a farmers decision making process to adopt alternative

crops. Such programs may have the added benefit of enhancing sail quality and

reducing soil erosion.

A subsidy of $328.48 ha-1 (109.49 r 1
) is required ta completely substitute

lupins for soybeans. The cropping plan in this scenario included: CG. CS. ALH

and LPN. This scenario resulted in a gross margin of about $148,072 ($154

more than the base case). Revenue from CG was $79,502. This was a

decrease in CG revenue of $5,549 from the base case. CG was fed to the

milking cows (CW1 and CW2. similar to the base case scenario) and calves.

The total number of animais was the same as the base case scenario.

ln this scenario. the provision of a subsidy for lupins has increased the

area allocated for lupin production (see Table 4.3a). The increased production

of lupins was fed to milking cows in the first 100 days, calves, and open and

breed heifers. The amount of CG and milk sold was 29 t and 9 HL less than that

sold in the base case scenario.

This cropping solution resulted in a loss of 3,142 t of soil. This was 362 t

less than the base case scenario. The quantity of nitrogen fixed was 984 kg, 82

percent more than the base case scenario. Straw purchase was 35 t less than

the base case.
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Table 4.3a Optimal crop plan of a dairy farmer in Southwest Ouebec with a
lupin subsidy.

Ouantities

Area Values SoilloS5 N2 fixed
(ha) (tonnes) (kg)

Gross margin $148,072
Crops (# of ha)

Corn grain (CG) 78.25 ($40,069.5) 2329
Corn silage (CS) 18.81 ($13,701.8) 772
Barley (BA)
Oats (OT)
Alfalfa hay (ALH) 13.11 ($4,837.6) 21 393
Alfalfa silage CALS)
Sorghum silage (SG)
Lupins (LPN) 11.83 ($2,238.5)- 19 591
Sovbeans (SB)

Milking cows C# of CW) 35.17
Milk production (# of HL) 2374

@$55.17 HL-' $130,973
Sold: Corn grain (tonnes) 413.3

@$192.36 r' $79,502
Bought: Straw (tonnes) 23.6

@$6Sr' ($1,534)
Total erosion (TOTER), 3142
tonnes
Total N fix (TOTN), kg 984

Lupin seed is purchased in the first year but the lupin producer receives a
subsidy of $328.48 ha-'. There are no constraints on soil Joss or nitrogen
fixation. Figures in parentheses are costs.
1 Net cost (total cost minus incame from lupin subsidy)

The impact of elîminating of the income stabilization program for soybean

producers on gross margin of a typical dairy farm was evaluated. Current

income stabilization level for SB production is $141 ha-'. However, in order to

be a beneficiary of the program, the farmer pays a premium of $32.5 ha-' of

soybeans. Then the cost of soybean5 with no incarne stabilization program
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• would increase frcm $322.89 to $404.39. Total soybean production was

reduced by more than 61 percent from the base case scenario. Gross margin

was estimated to be $147,587, a decrease of $331 from the base case. This

change in SB cost of production brought BA into the solution. A total of 9.6 ha

of BA were produced. The entire BA crop was fed ta CW1 replacing most of CG.

The quantity of CG and milk sold was about 19 t and 8 HL less than the base

case scenario (Table 4. 3b).

Table 4.3b Optimal crop plan of a dairy farmer in Southwest Quebec with no
incorne stabilization for soybeans1

.

Lupin seed IS purchased every year and no subsldy for lupins.
There are no constraints on soilloss or nitrogen fixation.

Quantities

Area Values Soilloss N2 fixed
(ha) (tonnes) (kg)

Gross marain $147,587
Crops (# of ha)

Corn grain (CG) 76.86 ($39,357.7) 2263
Corn silage (CS) 19.40 ($14,131.5) 766
Barlev (BA) 9.59 ($2,330.7) 333
Oats (OT)
Alfalfa hay (ALH) 14.13 ($5,213.9) 26 468
Alfalfa silage (ALS)
Sorghum silage (SG)
Lupins (LPN)
Soybeans (SB) 2.02 ($1,183.5)

Milking cows (# of CW) 35.22
Milk production (# of HL) 2377.2 $131,151.8

@$55.17 HL-1

Sold: Corn grain (tonnes)
@$192.36 r1 423.1 $81,373.9

Buy: Straw (tonnes)
@$65 r1 41.9 ($2,723.5)

Total erosion (TOTER), 3,498
tonnes
Total N fix (TOTN), kg 475
1

•

•
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4.2.4 Change of yield

Lupins are a relatively unknown crop in Cuebec and as a result do not

have a reliable average yield estimate. Yield estimates range trom 2.5 ta 4 t ha-1

The yield used in the base case scenario was 3 t ha"'. With this yield, the cost

per tonne of lupin was higher than that of soybeans.

A sensitivity analysis was undertaken on the yield estimate for lupins.

Under this scenario, lupin was increased to 3.15 t ha"', an inerease of five

percent. This increase is chosen because farmers are likely ta achieve this

minimum yield increase following sound cultural practices, including timely

accomplishment of field operations. The change in gross margin was

insignificant ($550 Jess) compared to the base case scenario but had an effect

on the crop mix. The following crops came into solution: CG, CS, BA, OT, ALH

and LPN (Table 4.4). Only a marginal amount of land was planted ta lupins,

0.42 ha, with this increase in yield. These findings indicate that CS and ALH

were fed ta ail categories of animais. Energy requirements for CW1 were met by

0.389 and 3.007 t of CG and BA respectively, replacing 2.4 t of CG. Similarly,

OT replaced most of the energy required by open heifers (OP), consequently,

the proportion of ALH in the balanced ration was reduced. Lupins were used to

meet the pretein supplement for the CALF variable and this reduced the quantity

of ALH requirement for this class of livestock.

A 10 percent increase in the yield of lupins, from the base case scenario,

resulted in a decrease in gross margin by $521. Crop area allocated te lupins

was 1.35 ha. Lupins were fed to both CALF and OP. This inc.rease in lupin
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Table 4.4. Optimal crop plan ot a dairy tarmer in Southwest Ouebec with a 5
percent increase in lupin yield1

Quantity

Values Soilloss N2 fixed
Quantity ($) (tonnes) (kg)

Gross margin $147,369
Crops (# of ha)

Corn grain (CG) 76.04 ($38,938.4) 2264
Corn silage (CS) 18.68 ($13.605.7) 766
Barley (BA) 10.10 ($2.453.3) 333
Oats (OT) 1.18 ($163.3) 39
Alfalfa hay (ALH) 15.58 ($5,751.5) 25 468
Alfalfa silage (ALS)
Sorghum silage (SG)
Lupins (LPN) 0.42 ($217.3) 0.7 21
Soybeans (SB)

Milking cows (# of CW) 35.31
Milk production (# of HL) 2383 $131.493.5

@$55.17 HL-1

Sold: Corn grain (tonnes)
@$192.36 r 1 412.9 $79,429.4

Bought: Straw (tonnes)
@$65 r 1 37 ($2,424.3)

Total soil eroded (TOTER), 3427
tonnes
Total N fixed (TOrN), kg 489

1 Lupin seed is bought every year and there is no subsidy for its production.
There are no constraints on soil 1055 or nitrogen fixation.
Figures in parentheses are costs

production decreased BA and ALH production by 0.5 and 1.08 ha respectively

trom the previous scenario (Table 4.5).

The total sail loss with a 5 and 10 percent yield increase of lupins was

3,427 and 3,435 t respectively. This is a reduction of 77 and 69 t from the base
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Table 4.5 Optimal crop plan for a dairy farmer in 50uthwest Quebec with a
10 percent increase in lupin yield1

•

Quantity

Values Soilloss N2 fixed
Quantity ($) (tonnes) (kg)

Gross margin $147,397
Crops (# of ha)

Corn grain (CG) 76.05 ($38,941.8) 2264
Corn silage (CS) 19.02 ($13,855.3) 780
Sarley (BA) 9.60 ($2331.4) 316
Oats (OT) 1.48 ($206.2 ) 49
Alfalfa hav (ALH) 14.50 ($ 5,350.8) 23 435
Alfalfa silage (ALS)
Sorghum silage (SG)
Lupins (LPN) 1.35 ($698.5) 2 68
Soybeans (SB)

No. Cows (CW) 35.23
Milk production (HL) 2378

@$55.17 HL·1 $131,219
Sold: Corn grain (tonnes) 414.9

@$192.36 r' $79,811
Buy: Straw (tonnes) 35

@$65r' ($2,249.6)
Total sail eroded (TOTER) 3435
Total N fixed (TOTN 503

1Lupin seed is purchased every year and there is no subsidy for lupin.
production There are no constraints on soilloss or nitrogen fixation.
Figures in parenthesis are costs.

case scenario. However, an estimate of N fixed was 489 and 503 kg

respectively, 55 and 38 kg less than the base case scenario. It should be noted

that a low estimate of N fixed by lupins was taken.
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Reducing the yield of lupins by 5% to 2.7 t ha- I excluded them from the

optimal crop mix. When lupins and soybeans are excluded trom the solution a

large area of land is allocated to CG production.

Increasing the yield of lupins by 5 percent and 10 percent increased the

hectares of BA and OT entering the solution. As a result, the quantity of straw

purchased for bedding was reduced to 37 and 35 t for lupin yield increase of 5

and 10 percent respectively. With increases in the area allocated to lupin

production, the farmer used the crop to fead not only CALF but also CW1, OP

and BR.

4.2.5 Feeding Crop Production on Farm

Including the crop selling activity increased the farmers gross margin by

allocating relatively more area for the production of cereal crops with higher

gross margins. This is the case for CG (carn grain). The major source of

incarne for the representative dairy farm is from milk sales and cash crops in the

base case scenario. Crop sales accounted for 39 percent of the total revenue in

the base case scenario.

With no buying or selling activities for feed, Le., assuming ail feeds are

produced and consumed on the farm l the gross margin for the optimal solution

was $120,320. This was a decrease in gross margin of $27,600. The nutritional

requirement of the dairy animais was satisfied with only 97 ha in production.

Crop mix and acreage were CG, CS, or and ALH at 1, 1.77, 52 and 38 ha
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respectively. SB production was insignificant, just about a quarter of a hectare.

Under this scenario, milk production was higher 2,617 HL (38.68CW). Total

erosion was decreased from the base case scenario, trom 3,504 to 2,008 t, while

N fixation increased from 541 to 1,156 kg. Self sufficiency in feed production

resulted in less soil erosion and more N fixation. This scenario leaves 25

hectare of arable land idla.

4.2.& Impact of environmental restriction on dairy farming

4.2.6.1 Effect of soil erosion on profitability

Environmental degradation is a major threat to sustainable growth in

agricultural production. Existing farm programs may act as an obstacle to

environmentally sustainable farming. Highly intensive agricultural systems are

blamed for the loss and degradation of the soil resource (Thomas, 1995).

Similarly, highly specialized farming operations are considered as the major

causes of odor and water pollution in sorne areas. Farmers must search for

farming systems that are economically viable, and ecologically sound and

sustainabJe (Ikerd, 1991). Existing farm programs can sometirnes provide the

wrong incentives for the adoption of sustainable farming systems.

The environmental impact of an optimal crop plan can be measured by

the quantity of sail lost and the total nitrogen contributed by the legume crops.

When erosion occurs at a greater rate than sail regeneration, then soil

productivity may be reduced and this may result in a negative impact on a

farmers future incarne. Water quality can be affected by sail erosion and
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agricultural runoff and is considered to be one of the major contributors of non­

point source water pollution.

The estimated annual average sail 1055 in Cuebec is approximately 20 t

ha-1 y1 (Painter et al .. 1995). However. the erosion tolerance level (T) in the

study region is estimated to be 14 t ha-1 y' (Painter et al., 1995). Imposing a soil

erosion constraint of 14 t ha-1 resulted in a decrease in gross margins from

$147,918 to $131,198; a decrease of 11.3 percent from the base case scenario.

The crop mix associated with this solution was CG, CS, ALH and LPN (see

Table 4.6). Crop sales were 244.5 t of CG or $47,032. Total N fixation (TOTN)

for this solution was 2,454 kg with LPN producing 38 percent of the total. Straw

requirement for bedding was met with a purchase of 8 t. This was a substantial

decrease trom the 59.3 t in the base case scenario.

This environmental constraint had a major impact on land allocation.

Compared to the base case scenario, the acreage allocated ta CG went from

83.37 ha to 51.3 ha, while ALH acreage went from 13.75 ha to 50.7 ha. There

was no SB acreage in this solution and lPN was allocated to 18.3 ha. Gross

margin decreases as the level of sail erosion is further reduced. As soil erasion

is decreased, crops with higher gross margins are replaced with less erosive

crops in the optimal crop mix plan.

There is some debate on the appropriate tolerance value for the sail type

in the region. A sensitivity analysis was conducted on the assumed value of 14 t

ha-1
• The afJowable sail loss levels were increased and decreased by 10, 15, 20
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• and 25 percent. Increasing the tolerance value by 10,15, 20 and 25 percent

increased the annual soHloss to 1.879, 1,964, 2,050 and 2,135 t respectively.

Table 4.6 Impact of soilloss level on gross margin, crop mix and N fixation
of Southwest Cuebec dairy farmer.

Crop mix in hedares Cuantity

Average Gross Crop Total soil N fix
ha-1 margin CG CS ALH LPN SB sale

1 loss (kg)
($) (tonnes) (tonnes)

7 116,384 22.4 1.8 50.4 25.7 84 854 2,797
8 118,533 26.3 1.8 50.2 25.6 109.1 976 2,786
9 120,682 30.4 1.8 49.9 25.5 134.3 1,098 2,772
10 122,831 34.5 1.7 49.7 25.3 159.4 1,220 2,756
11 124,979 38.7 1.7 49.4 25.2 184.5 1,342 2,742
12 127,128 42.8 1.7 49.1 25.2 209.6 1,464 2,723
13 129,264 47 1.7 49.1 25 233.2 1,586 2,688
14 131,198 51.3 1.7 50.7 18.3 244.5 1,708 2,454
15 133,011 55.6 1.7 52 12.4 255.8 1,803 2,180
16 134,676 59.9 1.7 53 7.6 267 1,952 1,970• 17 136,067 64.2 1.7 51.5 4.6 0.1 277.8 2,074 1,797
18 137,379 65.6 2.5 52 5 1.5 289 2,196 1.623
19 138,422 67.7 4.1 48.2 0.5 1.5 303.7 2,318 1,502
20 139,492 69.8 5.7 44.5 0.5 1.5 318.5 2,440 1,398
21 140,551 72 7.4 40.7 0.5 1.5 334 2,562 1,261
22 141,551 73.9 8.9 37.2 0.5 1.5 348 2,684 1,179
23 142,594 76 10.6 33.5 0.5 1.5 363 2,806 1,068
24 143,635 78 12 29.8 0.5 1.5 377 2,928 957
25 144,672 80.5 13.6 26 0.5 1.5 391.8 3,050 840
28.9a 147,918 83.37 19.74 13.75 5.15 442.3 3,504 541

1 Crop sale is corn grain
• Base case scenario (no erosion constraint)

Reducing the level of soil erosion by 10 percent trom 14 t hao1 decreased

the gross margin by $19,504 trom the base case scenario. Further reduction in

the allocable amount of soil loss 15, 20 and 25 percent decreased gross margin

by $21,000. $22,516 and $24,013 or by 14, 15 and 16 percent less than the

base case scenario respectively. Imposing a decrease in the allowable soilloss
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takes out sail erosive crops that generate a large gross margin and replaces

them with less erosive crops Le., a trade-off between gross margin and sail loss.

Corn silage generates the largest amount of soil erosion on a per hectare basis .

When soil erosion is constrained between 14 - 17 t ha-1
• the optimal area

allocated ta corn silage was less than 1.7 ha. This result implies that less sail

erosive crops are substituted for corn silage. When the soil 1055 constraint is

larger than 17 t ha·1
• production of corn silage increased.

The hectares planted to lupins (LPN) increased as the level of soil loss is

reduced. In the solution, LPN is used to feed animais in ail categories except

DR. The nead ta buy straw is eliminated in this solution, since bedding for the

animais is met with the stubble tram LPN. This solution estimates that the dairy

farmer can sell 12 t of hay to the market. The amount of CG sold in the market

also declined while production of ALH was increased.

4.2.6.2 Nitrogen fixation, marginal profit and crop mix

Nitrogen fixation is an important component of crop planning. Legumes

fix substantial quantities of nitrogen that can be used as an alternative to

inorganic N fertilizers. One of the ideas of alternative (Iow input) agriculture is to

incorporate legume crops into cropping plans sa as to improve soil productivity

through N fixation and increase the organic matter level of the sail that maintains

its physical and chemical properties.
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N fixation was used as one of the constraints of the study. The N fixation

data for the legumes were obtained from local agricultural experts and extension

agents of the regian. In the base case scenario where N fixation was not

restricted, the total amount of N obtained from the crop mix was 541 kg. The

impact on gross margin, crop mix and amount of lupins were investigated by

impasing a total of N fixation constraint of between 541 • 2,700 kg. The results

show that the gross margin decreased from $147,918 to $132,956 as the N

fixation constraint was increased from 541 to 2,700 kg. Soil loss was also

increased trom 3,504 to 4,039 tin that arder (Table 4.7).

Crop mix was similar to the base case scenario (seeTable 1) for N fixation

constraint levels af 541 to 2,160 kg, but more soybeans produced at the

expense of corn grain. As the N fixation constraint level increased to 2,700 kg

for the farm, lupins came into the solution as 2.89 ha. One of the unique

observations in the N fixation constraint was that more saybeans was sold with

increased N fixation constraint levels, displacing corn grain sale.

4.2.7 Land

Choice of crap mix by dairy farmers can be constrained by the availability

ot land. Dairy farmers with a larger land area may have an advantage over

farmers with a smaller area. Note that with more land, farmers have a larger

mortgage and therefore, increase their fixed cost. One of theïr advantages is

that they can supplement their income with the sale of cash crops. The base

80



• Table 4.7 Impact of Nitrogen fixation on marginal profit and crop mix of dairy
farm in Southwest Quebec.

N Fix Gross Crop mix in hectares Quantity
(kg) margin ($)

Crop Total soil
CG CS AlH lPN SB sale loss

(tonnes) (tonnes)

541 147.918 83.30 19.74 13.75 5.15 442.3· 3,504

371.3·
1,080 144,644 61.61 19.70 12.89 27.74 26.2b 3,692

241.4-
1,620 140,790 40.09 19.68 12.87 49.36 78.6b 3.849

111.47a

2,160 136,935 18.51 19.66 12.85 70.98 130.97b 4,005

2,700 132.956 19.45 12.77 2.89 86.89 173.1 b 4,039

• Il Corn grain
b Soybeans

case representative dairy farm contained 122 hectares. A sensitivity analysis

was undertaken to estimate the impact of decreasing the land constraints by: 10,

15, 20 and 25 percent of the base case.

Reducing the land area to 110 ha (10 percent less), and imposing a soil

erosion constraint of 14 t ha"l, resulted in a gross margin of $127,567. This

solution produced 2,035 kg nitrogen. The crop mix was the same as the base

case scenario except lupins came into the solution, replacing soybeans.

•
Similarly, decreasing the farm area by 15 and 20 percent did not change the

crop mix but the gross margin decreased while herd size increased (Table 4.8).
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The area under lupins was 8.3, 5.8 and 2 ha for a decrease in farm size by 10,

15 and 20 percent respectively. However, with a decrease of 25 percent, the

area under lupins was marginal (0.5 ha). This would indicate that lupins are

profitable as an alternate to soybeans for a large size dairy farm who wants to

keep sail erosion at the tolerated level of 14 t ha-1
.

Milk production became the major contributor ta the total farm revenue as

the farm size was reduced from the base case. The contribution of milk sales ta

total gross revenue was 72, 77, 81 and 85 percent when farm size was reduce

by 10, 15, 20 and 25 percent respectively with a 14 t ha-1 tolerance scenario.

The total quantity of CG for sale was reduced to 185,154,123 and 91 t.

Table 4.8 Effect of land size on optimal crop plan and gross margin for a dairy
farmer in Southwest Quebec

Relationship between land SiZ9, variable profit and luoins
Land size in hectares (ha)

110 104 98 91
Gross margin ($) $127,567 $125,399 $123,223 $120,450
Crops (# of ha)

Corn grain (CG) 45.9 43.3 39.4 33.3
Corn silage (CS) 1.76 1.8 1.8 3.4
Alfalfa hay (ALH) 54 53.2 53.8 52.2
Lupins (LPN) 8.3 5.8 2 0.5
Soybeans (SB) 1 1.5

Milk cows (# of CW) 38.6 39.1 39.3 39.5
Milk production (HL) 2,604 2,627 2,654 2,666

@$55.17 HL-1 $143,662.7 $144 931.6 $146,421.2 $147,083.2
Sold: Corn grain (tonnes) 184.5 154.1 122.7 90.6

@$192.36 f1 $35,490.4 $29,642.7 $23,602.6 $$17,427.8
Buy: Straw (tonnes) 40 48 60 65
Total soil eroded 1,540 1,456 1,372 1,274
(TOTER), tonnes
Total N fixed (TOTN), kg 2,035 1,884 1,741 1,631
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4.2.8 Labour

The total amount of family labour available on the typical dairy farm is

estimated to be 6,000 hrs y.1 (Forest, 1992). This is equivalent to more than

16.44 hrs dat1, or approximately 2 man-years of labour. It is interesting to see

the change in the farm's aetivity by adding or reducing the amount of available

family labour in the base case scenario. With an increase in the supply of family

labour by 10 percent, and imposing a soil erosion tolerance level of 14 t ha·1, the

size of the herd inereased from 35.3 ta 41 dairy cows while gross margins

increased from $131,198 ta $137,800.

Decreasing the amount of family labour by 10 percent from the base case,

resulted in a substantial decline in the gross margin, trom $147,918 to $116,222.

This was a decline of $31,696 or 21 percent. Redueing family labour supply by

15, 20 and 25 percent resulted in a further drop in gross margin and lupin

production. Lupin area went trom 20.8, 19.5 and 18.1 ha respectively. The

effeet of available family labour on herd SiZ9 1 optimal crop mix and gross margin

is given in Table 4.9. Land was sometimes left idle when the annual supply of

family labour became the limiting resource.

4.2.10 Straw priee

The priee of straw for animal bedding is considered very low. This can

encourage the tarmer to aUocate more land for growing corn grain for livestock

fead and sell the rest. Straw needed for the tarm can be purchased at a lower

priee tram the market. Data on the priee of straw obtained tram Comite de
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Table 4.9 Impact of the supply of family labour on crop mix acreage and gross
margin

Supply of family labour (hrs.)
5400 5100 4800 4500

Gross margin ($) $116,222 $116,224 $111,157 $106,089
Crops (hectare)

Com grain (CG) 47.4 52.1 52.4 52.8
Corn silage (CS) 0.5 1.4 1.3 1.2
Alfalfa hay (ALH) 48.6 40.8 38.2 35.6
Lupins (LPN) 20.8 19.5 18.1
Soybeans (SB) 1.73

No. Cows (CW) 35 31.3 29.3 27.3
Milk production (Hl) 2363 2113 1978 1842
Sold: Corn grain (tonnes) 172.4 273.6 278.2 282.8
BuV: Straw (tonnes) 59 10· 9- S-
Total erosion (TOTER), tonnes 1575 1708 1708 1708
Total N fixed (TOTN), kg 1501 2263 2118 1973

a Sale of straw (stubble) of lupins for bedding of animais for other dairy tarmers

References Economique en Agriculture du Quebec (CREAQ) estimates a cost of

$52.50 r1
. The farmer can sell his straw at the market priee, $52.50 r1 but can

purchase it for $65 r1 (assuming the difference between the purchase and selling

priee is transportation, $12.50 r1
).

Regional extension agents and local farmers suggested that the current

straw priee is about $95 1'1 (Leduc, 1997). If the market price for straw is $95 r 1

a 50 percent increase trom the current priee, the crop mix changed and more

barley (21.4 ha) is produced. This resulted in substituting more barley for corn

grains in the nutrition of the herd.
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4.3 Discussion

Dairy farmers have to decide on the allocation of scarce resources among

coillpeting enterprises in such a way that returns will be maximized. In arder to

do this, producers must allocate their resources to their highast and bast use.

Choice of crop mix should be based on returns ta land, labour and capital

resources used in production. Successful farming requires economic

management skills along with crop and animal production knowledge.

Dairy farmers in the study region seem to be acting rationally today in

continue using soybeans as a choice over lupins as an alternative protein

supplement for dairy animais. The gross margin of the representative farm is

higher when soybeans is used. Soybeans constitute about 4 percent of the total

farm land in the cropping plan, small but still significant.

The government incorne stabilization program for soybeans has distorted

the relative cost of producing lupins. Income stabilization accounts for a large

proportion of soybean incarne, about $141 ha"'. Providing lupins with a similar

level of government support as soybeans did bring sorne lupins into the crop

mix. This is an important policy implication because the soybean incarne

stabilization program has distorted the farmers' crop mix decision. If the

government wants to stimulate adoption of alternative feed crops that would

utilize resources more efficiently, a policy that provided an incentive for dairy

farmers to grow lupins would be an efficient way to do this.
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A govemment subsidy of $328.48 ha-' was needed before lupins would

replace soybean in the crop mixe A bigger distortion is needed to bring lupins

into the solution. This is 2.3 times the income stabilization payment for

soybeans. This solution provided an increase in gross margin and decreased

the amount of soil erosion. The reduction in soil erosion was 362 t or one

percent of the base case scenario.

Market forces alone may do little to conserve non-renewable resources in

agriculture, such as soil (McNeely, 1988). Govemment incentive programs may

strongly influence farmers decision-making processes. Such programs can be

designed to enhance soil quality and reduce soil erosion. A policy that encourages

incorporating (adoption) lupins as an alternative protein supplement for dairy cows

would provide these benefits. Adopting a sound crop mix may increase or maintain

farm incarne of dairy farmers in the long run.

Confliding interests may arise among dairy farmers, consumers and

taxpayers regarding farm programs. Dairy farmers want higher gross margins

regardless of soil conservation pradices. Consumers desire stable food and lower

priees and taxpayers want to reduce or elirninate the deficit. Government can

influence farmers to adopt sound crop mixes with the use of taxpayers money.

Soil erosion is one of the components of the study. Soil depletion can

increase production cost (sail maintenance), hence higher consumer priees.

Producers considered lupins not only as a low input crop but also the stubble left

in the field after harvest can proteet soil better than soybeans.
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Lupins replaced soybeans in the crop mix when a soil tolerance level of

14 r1 was imposed. This solution decreased the amount of soil erosion by more

than half the base case erosion and produced 5 times the amount of fixed N.

The cost of sail erosion may depend on the expectations of lasses in soil

productivity, future crop priees as weil as on the time preference of the dairy

farmer. For a dairy farmer who valued current gross margins relatively higher

than future gross margins, the 1055 in future benefits from the loss of sail

productivity may exert less influence on decisions which encourage depletion.

However, if farmers valued the loss in future benefits, due to declining sail

productivity, then their current decisions may take sail degradation (sail loss)

into aceaunt when determining their cropping plan. The use of lupins in a

cropping plan not only enhances sail productivity but also protects the

environment by minimizing nitrate and other chemicals in ground and surface

water hence, balancing agriculture and the environmental concerns.

The analysis indicated that when the sail erosion constraint was not

imposed, the farmer buys almost ail of the straw required for animal bedding.

This is because of the low market price for straw. Barley is produced in more

quantities, taking land out of corn grain and alfalfa hay production.

Consequently, the amount of corn grain in the ration of milking cows and OP was

reduced. Purchases of straw were reduced trom 59 t (base case) ta 17 t.

Lupins can be made more competitive with soybeans if its cost of

production can be reduced. This could be achieved through good field

management. Lupins can be planted right after the field is workod and as a
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result weed infestation can be minimal. This would reduce the nead for

herbicides and other related agrochemicals. Assuming sound cultural practices

are followed and suitable weather condition, it may be possible to cut the lupins

cost of production by 15 percent.

Legumes are integrated into a cropping system for different reasons

among which is to reduce inorganic nitrogen fertilizer requirements. Oepending

as the management practices, il is estimated that lupins can fix as high as 320

kg, with a N credit (nitrogen left over the field for next growing crop) of 65 • 180

kg ha-1
• As the level of the N fixation constraint level increased, gross margin

decreased, soybean production increased but soil loss increased. This indicates

that there is a tradeoff between gross margin and the amount of N fixation.

Use of homegrown clean seed for more than 2 years following the

purchase of certified seed can reduce costs. This cost saving, with a subsidy of

equal value to soybeans, resulted in the introduction of lupins and bartey into the

cropping plan. The respective areas planted were 2.5 and 1.2 ha. Barley

produced in this cropping plan was used to substitute for com grain in the feed

ration of milking cows and calves.
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ChapterV

Conclusions

5.1 Introduction

Allocation of limited resources between alternative enterprises requires

management decisions that depend on factors extemal to a particular enterprise.

Farming is a complex activity and decisions on the best crop combination,

management practices and strategies may be influenced by the farmers

knowledge of scientific issues, machinery, economic factors, historical trends,

climate/weather, environmental considerations, personal circumstances and a

number of practical considerations.

Oairy farmers in Quebec and elsewhere in Canada have witnessed

several changes in the past three decades. The most significant and relevant to

the present study is the introduction of supply management ta the dairy sector.

External forces, such as the new international trade agreements, have put

pressure on the dairy sector ta become more competitive and to decrease the

amount of gavernment intervention in this sectar. Ta meet these challenges,

dairy farmers must find ways of cutting costs. Production costs may be reduced

through the adoption of new technologies such as replacing of conventional feed

crops with low cost alternative crops.

Several management alternatives are available to the dairy farmer. The

farmer has many choices ta make concerning what crops to grow and ta feed the
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herd. how to manage those aops and the dairy haret Some trade-offs may be made

when considering many of the alternatives. This would incfude such things as the

trad&<lff between lowar lupin yield. reduced soi1erosion and higher organic matter.

ln general1 the trade-offs are based on short-teon gains and long-tarm lasses i.e.,

the dairy farmer has ta choose between short-term profitability and long-term

sustainable farming.

Milk quotas (supply management) have effectively placed a ceiling on the

supply of milk in the short run. This has a direct impact on the revenue the

farmer receives for milk. Increasing the margin between production costs and

selling priee can provide an increase in profit for the producer. Minimization of

fead cost should be an on going concem to dairy farmers because it is the single

mast important component of the cost of production af dairy farming.

Lupins may be a potential alternative crop as protein supplement for dairy

caUle in swa. The feed value of lupins is similar to soybeans. a traditional fead

crop for dairy Iivestock. The seed can be directly consumed by milking cows

withaut the nead far raasting (pracessing).

The environmental benefit of lupins is that more nitrogen can be fixed

than by soybeans and this can reduce the cost of inarganic fertilizers. Unlika

soybeans that require the soil temperature to be a certain level prior to planting,

lupins can be seeded after the soil is worked. Intercropping with careal crops for

silage, lupins can increase the crude protein level of the feed for dairy caUle.

The quantity of stubble after lupin harvest is estimated at 3 - 4 t and can be used

for feeding animais in the field, thus extending the grazing season. or used for

90



•

•

•

animal bedding. This can reduce the amount of straw requirad on the farm.

Lupins provide a better field cover and protects the soil better than soybeans.

This study investigated the economic feasibility of lupins for a dairy farm in

swa. Three hypotheses were tested and the results as follows.

The first two hypotheses addressed whether or not it was profitable for

farmers to adopt lupins. At currant priee levels, lupins were uneconomical to

substitute for soybeans in a cropping plan for a dairy farm in swa. Farmars are

rational in growing soybeans. The base case supports the economic theory. i.e.,

farmers are rational and are choosing the least cost solution. Lupins is a new

crop and producers require information on agronomie and other cultural

practices to incorporate it into a cropping plan. Currently, there are few

registered lupin varieties, hence the seed priee is expensive. Lupins can be a

substitute for soybeans if the cost of production is reduced to about $367 ha9l .

This would require a substantial decrease in its cost of production or subsidy of

$328 ha-l . A yield increase by 5 percent can also reduce the cost of lupins and

make it more competitive with soybeans.

The third hypothesis suggested that there was a trade-off between gross

margins and soil erosion. The amount of sail erosion generated in the base

case was 3,504 t (28.7 t ha·l
), more than double the soil tolerance level of 14 t

ha"l. Increasing or decreasing the level of sail loss has an impact on the gross

margin of the farm. Gross margins increasad as soil 1055 increased, thus there

is a tradeoff between gross margin and soil loss. Similarly, more lupins were

substituted for soybeans when soil loss was constrained to lowar levels.
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The final hypothesis suggested there was a trade-off between gross

margin and N fixation. The analysis indicated that an increase in the N fixation

constraint, resulted in a decrease of gross margin while sail loss increased.

More soybeans were produced and sold while corn grain sales reduced and

eventually replaced by soybeans. The tradeoff between N fixation and gross

margins was observed. Lupins came into solution as 2.89 ha when N fixation

was constrained to 2,700 kg for the farm.

92



•

•

•

5.2 Summary and Conclusions

There are many factors affecting the incorporation of lupins in the optimal

crop plan of a typical dairy farmer. These include higher seed priees, limited

availability of lupin cultivars and lack of high quality seeds, farmers preference to

grow traditional crops and the lack of governrnent assistance.

Analysis of the optimal cropping plan (base case scenario) indicates a

cropping plan that substituting soybeans by lupins would not be profitable.

Throughout this thesis, it has been noted that soybean is part of an incarne

stabilization program. It implies that its cost ta dairy farmers will be lower

compared to other crops that aren't part of the program (e.g. lupins). On the

other hand, there is an increasing trend towards the removal of government

intervention along with the need to integrate environmental concerns into the

optimal crop plan. To examine changes in selected parameters of the typical

dairy farm crop plan. several sensitivity analyses were conducted.

The findings of the present study indicated that lupins would be

incorporated into the optimal farm plan if any of the following requirements are

satisfied:

i) yield increased at least by 5 percent using better agronomie or management

techniques;

ii) cost of production of lupin is reduced by at least 10 percent (by reducing field

operation and use of farm grown elean seed) and
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iii) govemment provides subsidies to lupin equivalent to soybean incarne

stabilization payments.

These would make the dairy farmers indifferent between growing lupins and

soybeans.

ln summary, if producers receive a subsidy for lupins, they would also be

reducing sail erosion, and therefore enhancing the long...term productivity of sail.

Lupins are able to reduce the energy, required to produce N fertilizer and for

machinery because of its ability ta fix N and minimize weed and insect

infestation.

5.3 Limitation of the study

The aim of the present study was ta assess the ecanomic feasibility of

lupins as a source of protein supplement, in a cropping plan for a dairy farmers

in swa. Other potential alternative legume crops were not investigated. As a

result, the gross margins associated with these other alternative crops are not

known.

Sorne costs and priees were based upon the average production costs of

dairy and cash crop growers in central Ouebec. Sorne of these costs were

machinery repair and maintenance, ensilage and farm transport. Also, the priee

of straw is an average for the region. These indexed values may not reflect the

costs and priees of a specifie producer in swa.
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This study investigated the short term decisions of the dairy producer. Il

did not take into account the long term impact of increased soil quality tram

using lupins.

5.4 Recommendation for further research

1. Lupin is a new crop ta Southwest Quebec and Quebec in general. More

agronomie information on yields and other relaled praetices are required.

Seed priee for lupins is higher than the traditional dairy protein crop,

soybeans. Tillage method, impact of no-till on yield and soHloss is worthy of

investigation.

2. More information is required on lupins as a dairy feed. If lupins can

completely substitute for soybeans nutritionally, this could impact on the

selection of crops in the plan. This may expand ta other animais, expand the

potential for lupins as an animal feed.

3. The study focused only on a short term impact of lupins on the gross margins

of a dairy farm. However, it may be necessary to look at the long term effect

of lupins in crop rotations. This study would have to take into aceaunt the

impact of improved soil quality, nitrogen fixation, and the dynamic or time

dimensions of improved soil quality.

4. Farmers may continue to mine the soil for short term profits. This can cause

soil depletion (soil loss). Sustainable dairy farming may be achieved by

minimizing soil loss levels or integrating crops that leave more organic matter
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in the sail. One way ta incorporate lupins into the cropping plan may be

through a government tax or levy on soil erosion and/or N fixation.

5. Free trade has brought several changes in the agricultural sectar. The dairy

industry is faced with several challenges including the eliminalion of

subsidies, tariffs and milk quota. Structural change in herd size, farm size,

and structure of the dairy industry is imminent with an increase in production

costs of dairy feeds.
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11.69
7.88

15.53
3.86
2.84
2.22

44.03

SIba
81.85
55.19

108.69
27.00
19.89
15.56

J08.18

Description
Grains: 70.000Iha@S93.S4I8O,OOOgraïns
12-27-22: 200kg/ha @S275.95/t
46-00-00: 320kglha@S339.65/t
CaC03: 5tJha15years 1tJha@S27/t
Dual960-E: 2.25Uha@S22.10lL-4001'o
Marksman: 4.50Uha@S8.65/L-4oo.lo

Sub-total

Item

Lime
Pesticides

Seed
Fertilizer

• Appendix 1. Crop budget ofcorn grain (CG) groWIl in 1994 by a n:presentath'e dairy farIner in Southwest Quebecll

1994-
Slt

Ploughing NIA
Disking NIA
Fertilizer sprcading NIA
Chem spray NIA
Seeding NIA
Harvesting NIA

Total field operation
Farrn transport
Fucland lubrication

Machinery rcpair and maintenance}
Sub-total

•
OthL"I' costs

Drying
Elcctricity
Storage and acration

Hircd laboW'c

fIarvest insuranccc

Stabilization insurancec

Gross revenue: insuranœc

Marketing board
Short-tcnn intcrest
Sub-total

Total ,'ariable cast

Compensation, Stablizationc

Compensation, Gross rcvenuec

Total compensation
Cost .ner compensation

Sclling pricec

Lc:ss transportation (off-farro)
Net selliag price

Yield (tonncslhaf

selling priceY

Family labour (hr.lhat

Propane: 39Ut@SO.221L@7t
16kwhlt@SO.761kwh@7t
7KWhlt@SO.12IKWh@7t

5.3 hrs/ha@SlO.20/hr

S25.111ha

$18.11/ha

S82.9/ha
SO.75/t@7t
$699.191hn@Il% for 6 months

7

6.08Vha
7.2

66.91 9.56
8.00 1.14

29.73 4.25

28.95 4.14
133.59 19.08

60.62 8.66
7.91 1.13
3.46 0.49

54.06 7.72

25.11 3.59

18.11 2.59

82.90 11.84
5.25 0.75

38.46 5.49
295.88 42.27
737.65 105.38

177.15 25.31

48.43 6.92
225.58 32.23
512.07 73.15

1176.18 168.03
18.20 2.60

1157.98 165.43

1157.98 192.36
7.2 1.03

•
Priœ derived from CREAQ. Novembre 1993. Mais-grain. Agdex 1111821, with Fann Input Priee Index (CREAQ, 1994)

Il Yield taken as harvested

y Yicld auumcd ... l00~. DM baaia



$ItDcsc:riptiODItem

Appenai)( 2. Crop budget of corn.aage (CS) grown in 1994 by. repraentatiw d8iry farm in SouthweC Quebec

1994-

$/ha• Sccd

Fcrtilizcr

Lime

Pesticides

Grains: 76,OOOIha@S86I8O,OOOgrains

18-46-00: 200/ba @$31 Olt

3~20: 4S01ha@S320/t

1tha@S271t

Dua196().E: 2.25lJha@S22.10/L

Marksman :4.50Uha@S8.S0/L

81.85

65.81

152.84

27

49.73

38.91

416.14

2.04

1.65

3.82

0.68

1.14

0.97

10.3

Field operation

Ploughing 16.73 0.42

Disking 10.47 0.26

Fertilizcr sprcad 5.39 0.13

Chem spray 2.57 0.06

Sccding 8.19 0.20

Harv:st and ensilage 64.06 1.60

Blowing silagc to silo' 13.07 0.33

Fann transportation 19.14 0.48

FuclandlubriClltion~

Machiner)' repaîf and maintenance' 24.46 0.61

Sub-totaJ 164.08 ::.69

• Othcr costs

Storagc' 100.40 2.51

Harvcst insuranccl 10.27 0.26

Intcrest (short) S682.26/ba@11 % tor 6 months 37.54 0.94

Sub-total 148.21 3.71

TotaJ variable costs 728..0 18.11

Yield (fonnes/ha) 40

Farnily labour (hr.)" 20.&4 20.&4 0.52

• Priee derived from CREAQ. Juin 1993. Mais fourragcr. AjdclC 1111821, with

Fann Input Priee Index (CREAQ, (994)

lTakcn as 10°/, ofthc ditrcrcnee bctwccn contTact SCl"'iiee cost paid 10 hircd opcrator and

cost of variable incurrcd when workcd by the owncr
'V cost includcd in the field operation

•



Appcndix 3. Crop budget ofb&rley (BA) groWO in 1994 br a rcprcscnlativc dairy fann in Southwest Quebccd

1994-

Item Desçription $/ha $/1• Secd 1sa kgIba@S 12.20140 ka 45.75 13.07

Fcr1ilizcr 25-15-15: 3ooka/ba @$343.90/t 103.17 29.48
Lime CaC02: St/ba/8yean 0.625t1ba@S271t 16.88 4.82
Pesticides Round-up: SUha@lO%@Sll.l8IL S.59 1.60

Herbicide for straw: $13.221ba 13.22 3.78

String baJe6 1.8t1ha@$2.8611 5.15 1.47
Su~totaJ 189.76 S4.22

Field operation
Ploughing NIA 16.73 4.78
Dislcing 2x vibro 8.46 2.42
Fcrtilizcr spread NIA 2.69 0.77
Chcm spray NIA 1.98 0.57
Sccding NIA 5.95 1.70
Harvcsting NIA 20.19 5.77
Farm transport NIA 3.19 0.91
Fuclandlubrication~

Machine!)' rcpair and maintenanceT NIA 22.00 6.29
Baling straw NIA 15.61 4.46

Sub-total 96.80 27.66

Other costs
Drying 3 .Stlha@S2.10/t 7.5S 2.16
Elcctricity NIA
Storagc and acntion J .StIha@S2.20/t 7.70 2.20

Hired labour S hrs@S10.20/hr 51.00 14.57

Harvest insuranccl 3 .StIha@S1OO/t@4.0 1°/1@800/. 10.22 2.92

stahilization insuranœ' S45.291ba 45.29 12.94• Gross revenue insurance' S5S.20/ha 55.20 15.77
Marketing board 3 .St/ha@S0.8S 2.98 0.85
Short-tenn intcrcst S466.S0/ha@110f0 6 months 25.66 7.33

Sub-total 205.60 58.7"
Total variabW cost 491.16 148.62

Compcnsation.stabilizationll SI8.91/ha 18.91 5.40

Compensation. gross reven ue' S230.321ha 230.32 65.81
Tocal cunapmulion 249.13 71.21
Straw 1.8t1ha@SS2.50Jt 9-lSO 27.00
Revenue from stabilisation. grou rc....cnuc compensation and sales of strBw 343.73 98.21
Total cost aner compens. 148.43 42.41

Sclling priccl 697.33 199.24
Lcss transportation (off-fann) 26.60 7.60
Sd seUing priee (grain and stra.) 670.73 191.64
Cost or production (crain and stra.) aner compensation 242.93 69."1

Yicld (tonncs'ha)~ 3.S S76.23 164.64

ScWnC priee ror crains
v

3.08t/ha 576.13 187.09

Family labour (hr/ 9 9 2.57

- Price derivcd from CREAQ. Novembre 1993. Orge pouralirncntalÏon animal:. Ajdcx 1141821. with Fann

Input Price Index (CREAQ. 1994).

... cast included in the field operation

.s For straw

~ Yicld taken as harvested

• v Yield assumed as 100% DM basis



Slt
13.62
28.86
6.03
2.00
4.73

2.25
57.48

38.13
80.80
16.88
5.60

13.23

6.29
160.93

Description
120 kglha@SI2.71140 kg
219-19-19: 230/ha @S351.30/t
CaC02: 5tlha/8years 0.625l/ba@S27/t
ROWld-up: 5Uha@IOo/o@SII.201L
Herbicide for straw: S13.22Iha

2.2t/ba@S2.86Jt

Crop budget of oats (01) grown in 1994 br a representative dairy rann in Southwest Quebecc
1994­

SIha

tring bale<5
Sub-total

Appendix4.

Seed
Fertilizer
Lime
Pesticides

Item

•
Field operation
Ploughing
Disking
Fertiler spread
Chem spray
Secding
Harvesting
Fann transport

Machinery repair and maintenanceT

Baling straw
Fuelandlubrication~

Sub-total

NIA
(2X vibro)
IX
IX
NIA
NIA
NIA
NIA
NIA

16.73
8.47
2.72
1.92
5.95

20.18
3.19

19.72
15.60

9".018

5.98
3.03
0.97
0.69
2.13
7.21
1.14

7.04
5.57

33.'"

•
Other costs

Drying
Eledricity

Storagc and aeration
Hircd labourl

Harvcst insuranceh

Stabilization insuranceb

Gross revenue insuranceh

Marketing board
Short-tcnn interest

Sub-total
Total variable cost

2. 8t/ha@S2.10/t
NIA
2.8tJha@S2.20/t
5 hrs@SI0.20/hr

S8.97/ha

$42.27/ha

S69.50/ha
2.8t1ha@O.85/t
S441.571ha@11% 6 months

5.88

6.16
51.00

8.97

42.27

69.50
2.38

24.29
210.45
-165.86

2.10

2.20
18.21

3.20

15.10

24.82
0.85
8.68

75.16
166.38

S87.5&1w

S239.88/ha

Cùm~ns.1tiùn fur St4bilÎLdtiùnh

ComJ>'.~sation for harvesth

Total compensation
Straw 2.2t/ha@S52.50/t
Revenue from stablization. gross revenue compensation and sales of straw
Cost aRer compensation

87.58

239.88
327.46
115.50
442.96

22.90

31.28

85.67
116.9S
41.25

158.20
8.18

Selling pricch

Less transportation (otT-fann
Net seiiini priee (grain Ind Ilraw)
Cost of prod. (grain and straw) aRer compeR.

Yield (tonneslhaf

Selling priee for grainv

Family labour (hrs)'

2.8

2.464 tIha

8

642.66
26.59

616.07
138.40

500.57

8

229.52
9.50

220.03
49.-13

2OJ.1S

2.86

•
• Priee derived from CREAQ. Novembre 1993. Avoine pour alimentation animale. Agda 113/821, with Fann Input Pric

Index (CREAQ, 1994).

~ COlt includcd in the field opctation

li For straw

~ Yield taken as harvested

y Yield asswned as 100% DM basis



• Appendix 5. Crop budget of soybeans (SB) grown in 1994 by a representutive dairy f.ann in Southwest Quebecn

1994-
Item Description SIha $Il
Seed 90 qlha@SI9.32125kg 69.55 25.29
Fertilizer 12·27·22: 7S kglha@S276/t 20.70 7.53
Lime ItIha@S27 27.00 9.82
Pesticides Pursuit 0.31 LJha@SI8S.651L@400,/o 23.02 8.37

Sencoc 1.28Uha@S57.78/L@40% 29.58 10.76
Inoculant 400g1125kg seed@SI7.321400g 12.47 4.53

Sub-total 182.31 66.30

Field operation
Ploughing NIA
Disking NIA
Fertilcr spread IX
Chem spray IX
Secding
Harvesting

TotaJ field operation 49.74 18.09
Fuelandlubrication 22.79 8.29
Fann transport NIA 24.63 8.96
Machinery repair and maintenance7 NIA 17.03 6.19

Sub-total 114.19 41.S2

Drying 2.09 0.76
Elcctricity NIA• Storage and aeration 2.39 0.87
Hired labour 4.52hrs@S10.20/hr 46.10 16.76

Harvest insumncen S26.301ha 26.30 9.56

Stabilization insuraneen Sl.Ol1ha LOI 0.37

Gross revenue insurancen S7.101ha 7.10 2.58
Marketing board SO.8S/ha 2.34 0.85
Interest (short) S376.261ha@ Il % 6 months 20.69 7.52

Sub-total 108.02 39.28
Total variable tOit 404.53 147.10

Compensation, Stabilizationn 81.64 29.69
Compensation. Gross revenue 0.00
Total compensation 81.64 29.69
Total cost aller compensation 312.89 117.41

Micronizationv S46/t@2.75t1ha 126.50 46.00
Trnnsportation S20/t@2.75t1ha 55.00 20.00

TotaI oost ofmicrinization and transport 181.50 66.00
Total cost offecding ofsoybeans 2.7StJha@SI90.11It 504.39 183.41

Selling priee" 811.72 295.17
Less transportation (off.fann) 17.05 6.20
Net seUing prite 794.67 288.97

Net selling price~ 2.75

Yic:ld (tonneslha)v 2.42 t/ha 794.67 328.38

Family labour (hr1ha1 7.5 7.5 2.73

• • Priee derived from CREAQ. Novembre1993.Soya. Agde:< 1411821. with the Fann Input Priee Index (CRf.AQ. 199

~ Yield taken as harvested

y Yield asswned as 100% DM basis



Appendi:< 6. Crop budget or a1fa1fa My (ALM) pown in 1994 by a representative daity fann in Southwest Quebed•
Item
Secd

Fertilizcr

Lime
Pesticides
String bale
Sub-total

Description
Certified alfalfa: 9 kg/ha@S168/25kg
Certified Timothy: 7kglha@S60125
Establishment year
First year
Secondyear
Third year
Fourthyear
2.Stlha@S27/t
2,4-0B (625): 3.5Uha@S11.09/L

29.5t@8t1bundle@S21.34/bundlc

1994·
SIhaI5y S/haly

66.61 13.32
18.20 3.64

103.08 20.62
103.08 20.62
128.14 25.63
128.14 25.63
121.51 24.30
67.50 13.50
38.80 7.76
78.69 15.74

853.7S 170.75

$Il
2.26
0.62
3.49
3.49
4.34
4.34
4.12
2.29
1.32
2.67

%8.94

Field operation
Ploughing (once in 5 years) (1I5) 16.73 3.35 0.57

Disking (once in 5 ycars (1/5) 10.05 2.01 0.34

Fertilizer sprcad (2 limes) 2X 26.90 5.38 0.91

Chem spray IX 1.75 0.35 0.06

Sccding (1/5) 5.95 1.19 0.20

Cuning and oonditioning 2X 65.40 13.08 2.22• Baling bay 2X 116.80 19.80 3.36
Farm transportation 2X 43.90 8.78 1.49

Fuel and lubrication41

Machinery repair and maintenance" 78.49 15.70 2.66

Sub-total 365.97 73.19 12.41

Other costs
Storage 29.5t/ha@S3.25/t 19.20 3.25
Dl)'ing 29.5t1ha@S3.711t 21.88 3.71
Hired labour! 5hrs1ba@SlO.20/hr 51.00 8.64
Har"cst insurance 29.5uba@90/85 • SilO • 2% 13.74 2.33
lntercst (shon) S349.771ha@1Io/o@6 months 19.24 3.26
Sub-total 125.06 21.20

Total cost 369.00 6254

Yield (tormeslha/y)s 5.9

Family labour (hr.t 18 18 3.6 0.61

• Beauregard and BruneHe. 1994
•CREAQ. October 1990. Foin de luzerene et flcole. Agde" 121/821

7 Taken as 10% orthe difTerence between contract service cost paid to hired operator and

oost ofvariable incurred when worked by the owner

• \fi cost included in the field operation



• Apeendix 7. Crop OOd§et ofalfalfa silage (ALS) erown in 1994 by a representative clairy farm in Southwest Quebec
l

1994-
Item Description SAla/Sy $IbaIy $It

Seed Certified a1falfa: 9 kgIba@SI6812Sk 66.61 13.32 1.00

Certified Timothy: 7kgIha@S60125 18.20 3.64 0.27
Fertilizer Establishment year 103.08 20.62 1.55

First year 103.08 20.62 1.55
Secondyear 128.14 25.63 1.93
Thirdyear 128.14 25.63 1.93
Fourth year 121.51 24.30 1.83

Lime 2.5t1ha@S27/t 67.50 13.50 1.02
Pesticides 2,4-0B (625): 3.5l.Jha@SII.09J1. 38.80 7.76 0.58
Sub-total 775.06 155.01 Il."

Field operation
Ploughing (once in 5 ycars) (IlS) 16.73 3.35 0.25
Disking (once in 5 years (IlS) 10.05 2.01 0.15
FertilizcT spread (2 tirnes) 2X 26.90 5.38 0.40
Chcmspray IX 1.65 0.33 0.02
Secding IX 5.95 1.19 0.09
Cutting and conditioning 3X 98.10 19.62 1.48

Ensilage 3X 240.15 48.03 3.61

Blowing silage to silo 3X 68.40 13.68 1.03
Fann transportation 3X 130.35 26.07 1.96

• Fuel and lubrication'+'

Machinery rcpair and maintenanceT 150.40 30.08 2.26
Sub-totaJ '48.68 149.74 9.00

Other costs
Storagc NIA 61.45 4.62
Hired labour 5hrs1ha@SlO.20/hr 51.00 3.83
Han-est insurancc N'A 13.22 O.9Q4 ln

Interest (short) S430.42/ha@llo/0@6 months 23.67 1.78
Sub-total 149.34 6.61

Total COlt 454.09 27.26

Yield (tonneslhaJy) 13.3
Familv labour (br.) 18 3.6 0.61

• Beauregard and BrunclJc. 1994

"Taken as lOOt'o ofÛle ditrerence bctween oontract service oost poid te hired operator and

cost of variable incurred when worked by the owner

'+' cost included in the field operation

•



• Appcndix 8. Crop budget ofsorshum si1aae (SO) arown in 1994 by. n:prc:scnIatÎ\o'Cl dairy fann in Southwest Qucbccr

Item

Secd

Fcrti1izer"

Lime

Pesticides

Su.totaJ

Desc:ription

30 k&'ha@S28.S3f2S kg

0-0-60: 50 Jcalba@S309/t

19-19-19: 320 kglba@S403/t

34..()..() : 235 kafha@S422/t

CaC03 : l1Iba@S27/t

Atrazine 9OW, 1.35 kglha@SS.941kg

$/ha

34.24

14.68

122.51

94.17

27

8.78

301.38

$Jt

1.40

0.60

S.oo
3.84

I.!O

0.36

12.30

•

Field operation

Ploughing

Hanowing

Fcrtiler spread

Chcm spray

Seeding

Cutting and conditioning

Ensilage

Blowing silagc·

Fuel and lubrication'll

Farm transport·

Machinery rcpair and maintenance'

Su••otal

2X

2X

2X

2X

16.73 0.68

8.74 0.36

6.09 0.25

2.6 0.11

6.42 0.26

11.51 0.47

48.8 1.99

7.94 0.32

11.74 0.48

25.57 1.04

146.14 5.96

Other costs

Storagc·

Harvcst insurancc·

[ntcrest (short)

Su.totaJ

Total CO!It

Yicld (lonneS/ba)

Family labour (hr.'

61.60 2.51

2.64 0.11

S509.87/ha@II%/6 months 28.04 1.14

91.28 3.77

539.80 ::.03

24.5

16.32 16.32 0.67

•

• Priee derived from CREAO. Avril 1988. Sorgho. Agdex 1261821, with Farm Input Priee Index (CREAQ, 1994)

• Assumed the same as corn siIage
'rakcn as 10% of the differcncc bctwccn contract scrvice cost paid 10 hircd opcrator and

cost of \1Uiablc incurrcd whcn workcd by the owncr
'li cost includcd in the field operation



Appendix 9. Crop budget for lupins (LP) grown in 1994 by a representative dairy farmer in Southwest Quebecl

Field operation
Ploughing
Hw-rowing
Fertiler spread
Chem spray
Sccdïng
Harvcsling
Farm transport

Fuelandlubrication~

Machinery repair and maintenance'1
Sub-totaJ

16.73 S..58
9.87 3.29
2.71 0.90
1.77 0..59
5.98 1.99

27.48 9.16
23.51 7.84

15.70 5.23
103.75 34.58

•

•

Item
Seed
Fertilizcr
Lime
Inoculant
Pesticides

Sub-total

Other costs
Dryinga

Storagea

Transport (ofT..farm)

Hired labour

Harvcst insuraneel3

Slabilization insurancen

Gross revenue insuraneen

Marketing board
Inœrest (short)
SulJ..totai

Total (ost
Stubble baIes for bedding

Total cost less value of baIes

Yield (tonneslha)m

Family labour (hr.)p

Description
170 kgI1la @18.64I2.5kg
9..23·30: 200kglha @S298..50/t
CaC02: 1t/ha/@$271t
3 bags@SS.63Jbag
Dual 960-E: 2.2LJba@S22.11L
Larox : 2LJba@S23.94/L

NIA
4.2hrs@SI0.20/hr

NIA
NIA
NIA
NIA
5490.75/ha@11% 6 months

3 Uba@$35/t

3

9.68

126.7.5
.59.70
27.00
16..50
48.62
47.89

326.46

2.39

2.09

42.84

13.22

26.99

87.53

517.7"
105.00
412.74

$/t
42.25
19.90
9.00

.5 ..50
16.21
IS.96

108.82

0.80

0.70

14.28

4.41

9.00
29.18

172.58
35.00

137.58

3.23

• Priee derived from Perreault and Robert 1992, with Farm Input Priee Index (CREAQ, (994)

a Assumed the same cast as for soybeans

b Same as cost for alfalfa

• '1 Takcn as 10% of the difference between contract service oost paid to hired operator and

cost of variable incurred when worked by the owner

'fi cost included in the field operation



• Appendix 10. Yield and dry matter of feed crops grown by dairy fann in Southwest Quebec

Crop Yield kg ha-1 DM(%) DM yield ha" Source
(at harvest) (at harvest) (kg)

Corn grain 7.000 86 8.020 Beaurgard and Brunelle'
Corn silage 40,000 30 12,000 Beaurgard and Brunelle1

Barley 3.500 88 3.080 CREAQ Agdex 1131821 2

Oats 2.800 88 2,464 CREAQ Agdex 113/821 2

Alfalfa hay 5.900 89 5,251 CREAQ Agdex 113/821 2

Alfalfa silage 13.300 40 5.320 Beaurgard and Brunelle'
Sorghum silage 24.540 32.6 3 8.000 CREAQ Agdex 113/821 2

Lupins 3,000 87 2,610 Perreault, Yevs4

Soybeans 2.750 88 2,420 BeaUrg3rd and Brunelle'

•

•

Notes
1 Beaurgard, G. and A. Brunelle. 1996. Govemment du Ouebec Ministre de l'Alimentation,

Bureau Regional Ste-Martin, Direction Generale de la Monteregie, Secteur Ouest
2 CREAQ, Le Comite de References Economique en Agriculture du Quebec
3 Forest, J. F. 1992. Unpublished M.Sc. McGiII University
4 Perreault, Y. 1992. Budget de production l'hectare de lupin 1992.

Direction Regeionale 7, Quebec



• Appendix 11. Nutritional values of feed crops of dairy cattle

Crop DM NEL NER4 CP ADF Ca P

Corn grain' 86 1.84 1.73 10 3 0.03 0.3
Corn silage' 3 1.6 1.43 8 23 0.23 0.22

Bartei 88 1.94 1.84 13.5 7 0.05 0.38
Oats2 88 1.77 1.65 13.3 16 0.07 0.38
Alfalfa hai 89 1.35 1.12 18 31 1.41 0.22
Alfalfa sUage' 40 1.35 1.12 18 31 1.41 0.22
Sorghum silage3 32.6 1.23 0.95 10.8 42 0.46 0.21
Lupinss 87 1.7 1.55 44.8 17.2 0.26 0.44
Soybeans2 89 2.18 2.11 42.2 11 0.28 0.66

•

•

Where,
DM, Dry matter (%)

NEl, Net energy for lactation (Meal kg" DM)
NER, Net energy for maintenace and gain (Mcal kg·1 DM)
CP, Crude protein (%)
ADF, Acid detergent fiber (%)
Ca, Calcium (%)
Pl Phosphorus (%)

Source:
, Lefebvre, D. 1996. Programme d'Analysis des Troupeaux Latiers du Quebec (PATLQ).

Pers. Communication
2 Forest, J. F. 1992. Unpublished M. Sc. Thesis. McGiII University
3 National Research Council (NRC). 1989. Nutrietional requirement of dairy cattle. 6th ed.
4 Church, D. C. 1984. Livestock feeds and feeding. 2nd ed. 0 & B Books Inc. Corvallis,

Oregon, USA.
S Ensmingef, M. E., J. O. Oldfield and W.W. Heimemann. 1990. Feeds and nutrition.

2nd. 00. The Ensminger Publishing Co., Clovis, California, USA.



• Appcndlx 12 NutntigoI! content or f!ed crppt l'pr dIiY herd

FCG FCS FBA FOt FAlH FALS FSG FLPN FS8 RHS
âBJ iliAX
LABOUR <-6COO
OM1 1 1 1 1 1 1 1 1 >'=0
DM 1MAX 1 1 1 1 1 1 1 1 <=0
Na1 184 1.8 1904 1.n 1.36 1.35 123 1.89 2.16 >=0
NEL1MAX 1.84 1.8 1.904 1.n 1.36 1.35 1.23 1.89 2.16 <:0
CP1 0.1 0.81 0.135 0.133 0.18 0.18 0.108 0.333 0.422 >:0
CP1MAX 0.1 0.81 0.135 0.133 0.18 0.18 0.108 0.333 0.422 <=0
ACF1 0.3 0.28 0.07 0.18 0.31 0.31 0.42 0.172 0.11 >=0
ACF1MA 0.3 0.28 0.07 0.18 0.31 0.31 0.42 0.172 0.11 -:=0
CA1 0.0003 0.0023 0.(XX)5 0.lXXJ7 0.0022 0.0141 0.0141 0.0025 0.0048 >=0
CA1MAX 0.lXXl3 0.0023 O.(XX)5 0.lXXJ7 0.0022 0.0141 0.0141 0.0025 0.0048 <=0
P1 0.003 0.0022 0.0038 0.0038 0.0022 00022 0.0021 0.0038 0.0068 >=0
P1MAX 0.003 0.0022 0.0038 0.0038 0.0022 0.0022 0.0021 0.0038 0.0068 <=0
OM2 1 1 1 1 1 1 1 1 1 >=0
OM2MAX 1 1 1 1 1 1 1 1 <=0
NEll 1.84 1.8 1.94 1.n 1.36 1.35 1.23 189 2.18 >-0
NEL2MAX 1&4 1.8 uw 1.n 1.Je 1.35 1.23 1.89 2.16 <=0
CP2 0.1 0.81 0.135 0.133 018 0.18 0.108 0.333 0422 >=0
CP2MAX 0.1 0.81 0.135 0.133 0.18 0.18 0.108 0.333 0422 <=0
AOF2 0.3 0.28 0.07 0.16 0.31 0.31 0.42 0.172 0.11 >=0
ADF2MA 0.3 028 0.07 0.16 0.31 0.31 0.42 0172 0.11 <=0
CA2 0.0003 0.0023 0.CXXl5 0.lXX>7 00022 0.0141 0.0141 0.0025 0.0048 >=0
CA2MAX 00003 00023 0.lXXl5 00007 aC'J22 0.0141 00141 0.0025 0.0048 <=0
P2 0.003 0.0022 0.0038 0.0038 0.0022 0.0022 0.0021 0.0038 00068 >=0
P2MAX 0003 00022 0.0038 0.0038 0.0022 00022 0.0021 0.0038 0.0066 <=0
OM3 1 1 1 1 1 1 1 1 1 >=0
OM3MAX 1 1 1 1 1 1 1 1 <=0
NEL3 184 18 1.94 1.n 1.36 135 1.23 189 2.16 ""0
NEL3MAA 1.84 1.6 194 1.n 1.36 1.35 1.23 1.89 2.18 -:=0
CP3 0.1 081 0.135 0.133 0.18 0.18 0.108 0.333 0422 >=0
CP3MAX 0.1 0.81 0135 0.133 0.18 0.18 0.108 0333 0.422 <=0
AOF3 03 0.28 0.07 0.16 0.31 0.31 0.42 0.172 0.11 >=0
AOF3MA 03 028 007 0.16 0.31 0.31 042 0.172 0.11 <=0
CA3 00003 00023 0.CXXl5 00007 0.0022 0.0141 0.0141 0.0025 0.0048 >=0
CA3MAX 00003 00023 0lXXl5 00007 0.0022 0.0141 00141 0.0025 0.0048 <=0• P3 0.003 00022 0.0038 00038 0.0022 00022 00021 0.0038 00068 >=0
P3MAX 0003 0.0022 00038 00038 00022 00022 00021 00038 00068 <=0
OM4 1 1 1 1 1 1 1 1 1 >=0
OM4MAX 1 1 1 1 1 1 1 1 <=0
NEl4 0173 1.43 184 165 1.12 1 12 0.95 155 2.11 ,.=0
NEl4MAX 0173 143 1.84 1.65 1.12 1.12 0.95 1.55 2.11 <=0
CP4 0.1 0.81 0.135 0.133 0.18 0.18 0108 0.333 0422 >=0
CP4MAX 0.1 0.81 0135 0133 0.18 0.18 0.108 0.333 0.422 <-0
AOF4 0.3 0.28 0.07 0.16 0.31 0.31 0.42 0.172 0.11 >=0
AOF4MA 0.3 0.28 0.07 0.18 0.31 0.31 0.42 0172 0.11 <2\)
CA4 Q.ocm 00023 0.(XX)5 00007 0.0022 0.0141 0.0141 0.0025 00048 >c()
CA4MAX o.ocm 00023 0.CXXl5 0.0007 0.0022 0.0141 0.0141 0.0025 0.0048 <=0
?4 ùOO3 ù.OO22 0003é:l 0.00J8 0.0022 0.0022 0.0021 0.0038 0.0068 >=0
P4MAX 0.003 00022 0.0038 0.0038 0.0022 0.0022 0.0021 0.0038 0.0066 <=0
OM5 1 1 1 1 1 1 1 1 1 >=0
OMSMAX 1 1 1 1 1 1 1 1 <=0
NElS 0173 1.43 1.84 165 1.12 1.12 0.95 1.55 2.11 >=0
NEL5MAX 0.173 143 1.84 1.65 1.12 1.12 0.95 155 2.11 <=0
CP5 0.1 0.81 0.135 0133 0.18 0.18 0.108 0.333 0.422 >=0
CP5MAX 0.1 0.81 0.135 0.133 0.18 0.18 0.108 0.333 0.422 <=0
AOF5 0.3 0.28 0.07 0.16 0.31 0.31 0.42 0.172 0.11 >=0
AOF5MA 0.3 0.28 0.07 0.16 0.31 0.31 0.42 0.172 0.11 <=0
CAS 0.0003 0.0023 0.0005 0.CXXl7 0.0022 0.0141 0.0141 0.002!i 0.0048 >=0
CASMA'l( 0.0003 0.0023 0.0005 0.CXX)7 0.0022 00141 0.0141 00025 0.0048 <=0
P5 0.003 0.0022 0.0038 00038 0.0022 0.0022 0.0021 0.0038 0.0068 >=0
~MAX 0.003 00022 00038 0.0038 0.0022 00022 0.0021 0.0038 0.0066 <=0
OM6 1 1 1 1 1 1 1 1 1 >"0
OM8MAX 1 1 1 1 1 1 1 1 <:0
NEl8 0.173 1.43 1.84 1.65 1.12 1.12 0.95 1.55 2.11 >=0
NEl6MAX 0.173 1.43 1.84 1.65 1.12 1.12 0.95 1.55 2.11 <=0
CP6 0.1 0.81 0.135 0.133 0.18 0.18 0.108 0.333 0.422 >=0
CP6MAX 0.1 0.81 0.135 0.133 0.18 0.18 0.108 0.333 0.422 <=0
AOF6 0.3 0.28 0.07 0.16 0.31 0.31 0.42 0.172 0.11 >:0
AOF6MA 0.3 0.28 0.07 0.16 0.31 0.31 0.42 0.172 0.11 <=0
CAB 0.0003 0.0023 0.0005 0.CXXl7 0.0022 0.0141 0.0141 0.002!i 0.0048 >:0
CASMAX 0.0003 0.0023 0.0005 00007 0.0022 0.0141 0.0141 0.0025 0.0048 <::0
P6 0.003 0.0022 0.0038 0.0038 0.0022 00022 0.0021 0.0038 0.0068 >=0
P6MAX 0.003 0.0022 00038 0.0038 00022 0.0022 0.0021 0.0038 00066 <:Q

•



Appell(lix 13. Soilloss rates for Southwestem Quebec representative dairy faml

Crop RI K2 LS l C4 pS A

Corn grain 1375 0.038 1.54 0.37 1 29.77
Corn silage 1375 0.038 1.54 0.51 1 41.03
Barley 1375 0.038 1.54 0.41 1 32.99
Oats 1375 0.038 1.54 0.41 1 32.99
Alfalfa ha)' 1375 0.038 1.54 0.02 1 1.61
Alfalfa silage 1375 0.038 1.54 0.02 1 1.61

Sorghwn silage 1375 0.038 1.54 0.41 6 1 41.03

Lupins 1375 0.038 1.54 0.02 6 1 1.61
Soybeans 1375 0.038 1.54 0.46 1 37.01

Wbere,
R, re.infall and IUnoff erosi"ity index, i.e., average annual sum of ail erosive rainfall
K, soit erodibility factor, quanitative measure ofa soirs susceptibilit)'/resistance to erosion and the soil's influenœ 00 ruooffamount and rate
LS, sJope leogth and steepness factor
C, cropping management factor, ratio used to compare soil eroded under specifie crop and management system to continuous fallow condition
P, erosion control effectiveness of suppon practiœ (contour fanning, stripc cropping, terraeing)
A, annual soilloss in tonnes per hectare

Note

1 Coote and Hayhoe (1995).

2 Wall (1995a)

3 Coote (1995)

4 Shelton (1995)

5 van V1iet (1995)

6 Wall (l995b) personai communication

• • •



l. Coote. D. R and H. N. Hayhoe. 1995. The Rainfall and runofffaetor (R). In RUSLEFAC: Revised Uni\'ersaJ Soil
Loss Equation for Applications in Canada Chpt.2. A Handbook for estimating soil 1055 from water eresion in Canada.
Agriculture and Agri-Food Canada. Research Braneh. Centre for Land and Biological Rcsearch. Ottawa.

2. Wall. G. J. 1995. The Soil erodibility factor (K). In RlJSLEFAC: Revised UniversaJ Soil Loss Equation for Applications
in Canada Chpl.3. A Handbook for estimating soilloss from water erosion in Canada. Agriculture and Agri-Food
Canada, Braneh. Centre for Land and Biological Researcb. Ottawa.

3. COOle. D. R 1995. The Siope factor (K). In RUSLEFAC: Revised Universal Soil Loss Equation for Applications in
Canada Chpt.4. A Handbook for estimating soilloss from water eresion in Canada. Agriculture and Agri-Food~
Researcb Branch, Centre for Land and Biological Rese.lfch. Ottawa.

4. Shellon 1. J. 1995. The Croplvegelation and management factor (C). In RUSLEFAC: Revised UniversaJ $oil Loss
Equation for Applications in Canada Chpl.5. A Handbook for estimating soilloss Crom "'aler erosion in Canada.
Agriculture and Agri-Food Canada. Research Branch, Centre for Land and Biological Researcb. Ottawa.

5. van Vliet. L.P. 1995. The Suppon practiee factor (P). In RUSLEFAC: Revised Universal Soi! Loss Equation for Applications
in Canada Chpt.6. A Handbook for estimating soilloss from water erosion in Canada. Agriculture and Agri-Food
Canada, Research Branch. Centre for Land and Biological Research. Ottawa.

Pringle. E. A.t G. J. Wall and I. J.Shelton (cds.). 1995. RUSLEFAC: Revised Universal Soil Loss Equations for
Applicationss in Canada. A Handbook for estimating soil loss from water erosion in Canada. Agriculture and Agr·Food
Canad, Research Branch, Centre for Land and Biological Research. Ottawa.

Assumptions:
R(The rann is assumed located in South",est Montreal and R is taken from lsoerodant map)
K(Soil is sand clay loam and contaillS >=2% organic matter)
LS(the field is with a slope of 5% and slope length 150m)
C(lbe relative effectiveness of soil and crop management system is take from C values for Quebec)
P(absence ofsuppon praetice to control erosion i.e.• no terracing. stripe cropping or contour Canning)

• • •
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Appendix 14. Dry matter yield and nitrogen benefit from a harvest of lupins,
soybeans and altalfa in dairy farm in Southwest Cuebec1

Crop Harvest yieldl DM yield Estimated N Residue
kg ha" kg ha" left over kg (Straw) t ha"

ha-' y.1

Alfalfa 5,900 5,251 b 30c 1.5

Lupins 3,000 2,61()d 50 3

Soybeans 2,750 2,42OS 25 1.1

1 Leduc, R. (personal communication) 1997. Ministere de l'Agriculture des
Pecheries et de IIAlimentation, Conseiller en productions animais, Direction
regionale 07, Quebec.
a Yield at harvest with moisture level of 11 to 12 percent.
b Hay harvest,
C An assumption of 100 kg Nha" is contributed in 5 years of crop stand,
d Grain yield (1 OO°A» DM)



~~ 15. Glass revenues of crops in Quebe for the ye8l 1989 • 94• Production year: 1989
Corn Bariey Oa15 Saybeans

S ha-' Sf' S ha" S f' Sha' sr' Sha" sr'
Selling priee 858.05 138.53 495.03 130.27 253.02 102.26 604.95 241.98
Income stabüizatian 278.98 45.04 225.47 59.34 348.42 140.82 201.19 80.47
Harvest insurance
Total revenue 1,137 184 720.5 189.61 601.44 243.08 806.14 322.45

Prcductian ye.-: 1990
Sha' sr' Sha" sr' Sha" sr' Sha" sr'

SeDing pnce 794.95 122.3 414.15 110.8 218.8 88.43 NIA NIA
Income stabilization 466.56 71.78 370.94 98.92 422.08 170.59 NIA NIA
Harvest insurance
Total revenue 1,281 194.08 785.89 209.52 640.88 259.02 NIA NIA

Production year: 1991
S ha" sr' S ha" sr' S ha' sr' S ha" sr'

Selling pnce 786.89 121.06 387.26 103.27 238.94 96.57 590.n 227.22
Income stabilization 421.65 64.87 368.58 98.29 402.1 162.51 279.78 107.61
Harvest insurance
Total revenue 1,209 186 755.84 201.56 641.04 259.08 870.56 334.83

Production year: 1992
S ha" sr' S ha" sr' Sha" sr' Sha" Sf'• Selling priee 793.73 117.59 335.44 95.84 304.35 94.52 641.27 241.99

Income stabilization 401.94 59.55 354.01 101.15 342.42 106.34 142.28 53.69
Harvest insurance
Total revenue 1,196 177 689.45 196.99 646.n 200.86 783.55 295.68

Production year: 1993
S ha" sr' Sha" sr' $ ha" Sf' S ha" sr'

Selling priee 960.13 142.33 363.34 103.81 317.62 9B.54 779.82 294.27
Incorne stabilization 133.93 38.27 150.12 46.62
Harvest insurance 172.63 25.57 168.47 48.13 148.68 46.17
Total revenue 1,133 170 665.74 190.21 616.42 191.43 n9.82 294.27

Production year: 1994
Sha' sr' S ha" sr' S ha" sr' S ha" sr'

Selling priee 950.6 135.80 448.11 128.03 315.21 97.89 730.08
Income stabilization 1n.15 25.31 18.91 5.4 87.58 27.20 81.64 275.5
Harvest insurance 48.43 6.92 230.32 65.81 239.88 74.50
Total revenue 1178.1' 188.03 817.33 111.2. &.12.88 189.59 811.72 306.31

Total payments 1967.23 292.13 1870.60 509.91 2141.28 783.61 704.89 271.46
Average 327.17 41.88 311.77 ".H 356.18 130.80 140.98 45.2.

Source: MAPAQ. 1985.1994
NIA, Oata unavailab'e

•



• Appendix 16. fncome stabilization payment (Sha"1) for certain crops in Quebec 1989-94

Crops
Vaar Com Barley Oats Soybeans

$ ha-1 $ r1 $ ha-1 $ r1 $ ha-1 S r1 S ha-1 sr1

1989 278.89 39.84 225.47 64.42 348.42 124.44 201.19 73.16
1990 466.56 66.65 370.94 98.92 422.08 150.74 NIA NIA
1991 421.65 60.24 368.58 98.29 402.10 143.61 279.78 101.74
1992 401.94 57.42 354.01 101.15 342.42 122.29 142.28 51.74
1993 172.63 24.66 302.40 86.4 298.aO 106.71 0 0.00
1994 225.58 32.23 249.23 65.81 327.46 116.95 81.&4 29.69

Total 1967.3 281.04 1870.6 514.99 2141.3 764.74 704.89 256.32
Average 327.88 46.84 311.77 85.83 356.88 127.46 140.98 51.26

Source: MAPAQ, 1989-1994

•

•
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