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Factors Required to Sustain Pastoral Farming Systems and Forage
Supply in Winter-Cold Zones in Canada
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I. INTRODUCTION improvements. The remaining area includes land

which is unsuitable for cropping due to factors such

Pastures and forage crops are a main compo- as poor drainage, salinity and fringe areas with short
nent of farming systems on which ruminant livestock growing season. The total number of beef cattle is
industry is based in Canada. The total area used approximately 12.4 million including 4.5 million beef
for pasture, range, and conserved forages in Canada cows. There are 1.5 million dairy cattle.
is approximately 41 million ha. About 11 million In this paper, winter-cold zones include agric-
ha of this forage area is on improved land which ultural regions with an average January temperature
involves cultivation, fertilization, drainage and other of —7%C or colder. There are five distinct agricul-
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tural regions in the winter cold zones of Canada.
The Atlantic Region has relatively fertile soils
developed under forest cover. The climate is modified
by the Atlantic Ocean, but it is also affected by
cold currents from the coast of Labrador and by
northern winds. Precipitation averages 760 to 1,500
mm annually and it is evenly distributed throughout
the year. The conditions in summer are frequently
unfavourable for field curing of hay due to rain
and humidity.
100 to 180 days.

The growing scason ranges from
Mixed farming is most common,
with forage crops and pastures supporting a strong
livestock industry.

The Central Region includes lowlands bordering
the St. Lawrence River. Fertile soils, mostly formed
by glacial deposits and lake sediments, and a mild
climate modified by the Great Lakes and the St.
Lawrence River allow for varied farming. Precipit-
ation averages from 760 to 1140 mm a year. Ont-
ario’s agricultural sector is Canada’s largest and
most diverse. Forage crops and pasture are the most
common use of cultivated land. The dairy industry

in Quebec is the largest in Canada.

The Prairie Region contains 80 % of farmland
in Canada. The prairie’s long sunny summer days
and generally reliable precipitation produce quality
grains. Grasslands, cultivated forage crops, and feed
grains support a large beef cattle industry. Range-
lands are comprised of a number of unique ecosys-
tems with native species endemic to the prairies.
Alberta is Canada’s chief producer of feed grains,
beef cattle and is the leading forage producing
province in the country.

In the Pacific Region, farming is concentrated
in river valleys, southwestern mainland, and southern
Vancouver Island. Only 2 percent of land in British
Columbia is used for farming, with dairy and beef
cattle and horticulture predominating.

In the northern Boreal Forest Region, north
of the Prairie Region, the harsh climate and long
distances to markets limit commercial agriculture.

It is estimated that in these fringe areas of the

prairies there are up to 15.5 million ha of agricul-
tural land suitable for forage production (Nickel
and Pringle, 1983). Climate is the major limiting
>5C) to

agricultural production and perennial forage species

factor (<1300 growing degree days,

offer the best option for farming. Much of this land
needs to be cleared from bush and trees and dra-
inage improved.

Overall, the southern rather than the northern
parts of Canada are suitable for farming due to
climatic limitations. The growing season ranges from
80 days in the northern regions to over 200 days
in southern Ontario. The winter season is long and
in most parts of Canada, cold temperaturcs, free-
zing and thawing, and diseases exert severe stress
on overwintering forage plants. In the northern
fringe arcas of the agricultural zone, forages are
the most reliable species as cropping is severely

limited by the short growing season.

TI. PRODUCTION POTENTIAL

Dry matter yields of forages can be increased
significantly by intensifying existing forage and
pasturc production. This can be accomplished readily
through application of existing technology including
fertilization, management and utilization. Overcoming
production-rclated problems offer opportunities for
greater utilization of grasslands in animal production.

The forage and pasture species adapted to the
winter-cold northern conditions produce a large dry
matter yield in the primary growth. Typically, the
dry matter production of cultivated species in the
primary growth exceeds 100 kg ha' day™ (Table
1) (Kunclius 1990) and in some instances 200 kg
ha' day' have been cxceeded (Deinum etal., 19
81).
ively low dry matter yields (Smoliak et al., 1990).

Natural grasslands in the prairies have relat-

Although the incoming net radiation is relatively
low in the north, the net potential photosynthesis
is high during the long days of summer. Under these

conditions plant development is very fast which



Table 1. Cold hardiness, water soluble carbohydrates (WSC) concentration, and daily dry matter accu-
mulation of forage grasses in Charlottetown, Prince Edward istand

LTy

Species T
23 Nov.
Phleum pratense —~16.5
Lolium perenne X Festuca pratensis —14.0
Dactylis glomerata —14.0
Lolium multiflorum X Festuca arundinacea —14.0

wSscC! Daily DM accumulation®
% of DM kg/ha/day
SAbug. 13 Oct. 19 June? 1 Aug. 19 Oct.
7.0 15.5 121 71 33
10.3 16.2 77 72 44
9.2 11.9 99 84 50
8.8 15.7 116 64 48

' Data from Suzuki (1989).
“ Data from Kunelius (1990).
® Growth period from 1 May.

results in a skewed distribution of the dry matter
production of north-temperate grasslands (Hay 19
89). Reproductive tillers are usually numerous which
is partly responsible for the reduced nutritional
quality of herbage in the primary growth (Kunelius
1990).

The productivity of sown swards is usually the
greatest in the first production year (Suzuki 1991).
This instability of sown swards leads to decreased
production in post-seeding vears and occurs even
when the winter survival has been adequate. Fertility
management of stands may be partly responsible
The

specics is slow which reduces the dry matter pro-

for this decline. regrowth of most herbage
duction and carrying capacity later in the scason.
Winterhardiness tends to be inversely related to the
dry matter production of herbage grass and legume
species with hardy cultivars entering dormancy earlier
than less hardy oncs.

Development of models for cstimating herbage
production in winter-cold regions is complicated by
the risk factor in the production of forages (Bootsma
1991).

underway which will develop the capability of esti-

and Boisvert New modelling efforts are

mating forage yields on annual basis and thercby
provide the required risk data.
1. Species

In the winter-cold regions, grasses are more

dependable than legumes and for this reason grasses
are grown for pasture and conserved feed in these
areas. The further north the grasslands are located,
the more limited becomes the selection of adapted
species and cultivars. Local forage breeding programs
are essenfial for developing adapted cultivars for
specific winter-cold environments (Knipfel and
Howarth, 1989).

In castern Canada, the principal herbage species
include Phleun pratense L. which is the most win-
terhardy species. Festuca pratensis Huds., Poa spp.,
Bromus inermis Leyss., and Phalaris arundinacea
L. are also hardy species (Suzuki, 1989). Trifolium
pratense L., T. repens L., Medicago sativa L., Lotus
corniculatus L., and Dactylis glomerata L. may be
grown in less demanding environments. On the west
coast in lower mainland of British Columbia D.
glomerata is an important species for making hay
and silage.

In the arid and semi-arid regions of Western
Canada (prairics) common cultivated forage species
include Medicago spp.. Onobrychis viciaefolia Scop.,
B.

spp.. and Agropyron spp., B. inermis is commonly

Melilotus spp., inermis, Festuca spp., Elymus

grown with Medicago spp. for hay. Agropyron
cristatum L., and Elymus juncea L. are the best
adapted pasture species for dry soils. B. inermis and
Agrostis intermedium [(Host) Beauv.] are well adapted
Efforts

and hardy under mesic conditions. to



improve these species for drought tolerance, disease
and pest resistance, quality and winterhardiness have
produced several improved cultivars. Species such
as P. arundinancea have desirable agronomic cha-
racteristics in winter-cold regions but the quality
does not support adequate animal performance.
Efforts need to continue to improve the nutritional
quality of Phalaris such as further reduction of
alkaloids in new cultivars. Development of bloat-safe
alfalfa (M. sativa) will improve the value of this
species in animal feeding programs.

Seed production of grasses and legumes is
practiced in the central and particularly in the
western regions of Canada. Forage seed production
is important for diversification and information on
new and changing markets is essential to the pro-
ducers (Knipfel and Howarth, 1989). A thorough
knowledge of physiological processes leading to seed
production of the cultivar coupled with an unders-
tanding of the climate-management variables in the
seed-producing area should lead to higher seed yields
and quality (Steppler, 1983).

2. Persistence

Persistent perennial forage species are essential
for dependable forage production in the winter-cold
regions of Canada where winter conditions last up
to 6 months. Total snowfall ranges from 100 to
450 em a year. Overwintering plants may be exposed
to severe conditions which influence the survival of
1989). Cold (—10

—407C) and fluctuating temperatures (frecze-thaw

perennial forages (Suzuki, to
cycles), excessively wet conditions in poorly drained
soils, ice encasement, soil heaving, and disease can
cause winter injury and winterkill. New cultivars
and species capable of with standing such adverse
conditions remain a high priority for forages to be
1989;
1983). Severe water deficits during the

grown in severe winter climates (Buxton,
Steppler,
growing season reduces stands particularly those

weakened by diseases and insects.

3. Management

Traditionally forage crops and pastures, with
the exception of M. sativa and Zea mais L. have
been considered low-value crops. Yet forages have
very unique features that other crops cannot match.
Implementing proper management of forage crops
and pastures increases the productivity, quality, and
carrying capacity. Technology developed through
research would increase grassland productivity signi-
ficantly upon application of such technology on the
farm. Such transfer of technology involves close
collaboration between research and extension pers-
onnel. Irrigating grassland in low rainfall areas of
the prairies will increase herbage production and
animal gains manyfold (Wilson and Rode, 1991).

Grassland renovation techniques for improving
productivity have been developed for various condi-
tions (Kunelius and Campbell, 1984). Reduced tillage
or no till techniques provide an alternate method
of rejuvenating pastures and hayland instead of the
conventional method of cultivating and reseeding.
More importantly, no-till seeding reduces soil erosion
and time required for renovation. A relatively high
level of knowledge is essential for successful no-till
renovation. The critical factor for the adoption of
this technique is the cost of grassland renovators.
Producers with limited resources are able to access
this technology through contractors or rental arra-

ngement.

[I. PASTURES

The role of pastures in small livestock opera-
tions in particular is being reassessed in various parts
of Canada (Clark and Christie, 1988). Season-long
grazing is seen as an ecssential part of staying com-
petitive in changing economic and market environ-
ment. The need of improved cultivars and species,
grazing systems, extended pasture season, and animal
health are the key factors in intensifying the utiliz

ation of pastures. The introduction of high voltage



electric fencing from New Zealand has changed the
management of grazing animals. Marked seasonality
of pasture production is a major weakness which
influences animal production in temperate regions
(Reid and Jung, 1982).

IV. MECHANIZATION

Harvesting and storing forages require machinery
and storage facilities which are costly to acquire
and operate. North American forage equipment is
generally designed for large operations found in the
prairie region of Canada. Such equipment may not
be suitable for smaller farms of eastern Canada
where maneuverable equipment is required. Silage
systems can require large investments which are
beyond the means of small, part time farmers.

Systems that reduce costs and labor requirements
are essential for remaining competitive. The popu-
larity of big round bales is related to the low labor
requirement and high capacity of handling forage.
Both fully dried hay or silage can be made with
these units. Securing good silage and hay quality
involves new techniques to overcome problems re-
lated to inappropriate moisture levels of forage in
round bales. Wrapping large bales with plastic
provides adequate cover for desirable fermentation
of wet herbage to occur but associated environmental
concerns regarding the disposal of used plastic need

to be addressed.

V. CONSERVATION

In regions with short growing seasons, feed must
be stored for the confinement feeding period which
lasts up to eight months. Year-round confinement
feeding is practiced by dairy and some beef farmers
who depend on highly mechanized storage and
handling systems.

A large proportion of forages is stored as hay
although silage is made on many farms. A major

limitation in hay and silage making is unfavorable

drying conditions due to rain, high humidity, low
temperatures, and costs associated with machinery,
storage facilities and energy. It is estimated that field
losses of rain damaged hay average 32 % compared
with 17% loss for field cured hay without rain
damage (Ewing, 1972). Harvest, storage and feeding
losses are usually too high and developing techno-
logy that will reduce these losses are required.
Multidisciplinary teams are needed to solve problems
associated with forage conservation.

Ensuring good fermentation during ensiling is
critical for producing stable silages. Many of the
forage species adapted to winter-cold regions contain
low concentrations of sugars (Table 1) essential for
desirable fermentation. These concentrations are
further reduced by delays in harvesting cut material
which leads to an inadequate fermentation of ensiled
grasses and legumes. Fermentation may be improved
by adding sugar substrate, chopped potatoes, inoc-
ulant and enzyme alone or in combination. It is
clear that the use of such additives improves silage
1991).

Further development of such additives is warranted

quality and animal performance (Steen,
to secure desired fermentation and quality of silages
under undesirable conditions; for example, ensiling
forage species with low fermentable carbohydrates.

Development of affordable ensiling systems is
essential. Capital costs of sophisticated silos and
matching machinery put strain on finances. The
popularity of big bale systems demonstrates the need
for high capacity and labor saving harvest and
storage systems. More efficient methods of feeding
and reliable ways of covering high moisture material

for ensiling are required.

1. Feed quality

Low legume content, harvesting at late maturity
and weather damage during the harvest lower the
quality of stored forages. Utilization of the low
quality forages requires considerable skills by cattle
feeder in knowing what forage to give to various

classes of livestock for optimum results and in



devising adequate supplementation. Improper use
of low quality forages can be a limiting factor in
milk production or can require expensive (depending
on global markets) grain supplementation. or both
(Nicholson, 1983).

It is imperative that close attention is paid to
the forage quality for maximum benefits from for-
ages in livestock diets. Accurate and quick methods
of analyzing forages for their nutritional quality
would allow precise formulation of diets and full
utilization of forage nutrients. Technologies such
as near infra-red reflectance spectroscopy and ind-
uctively coupled argon plasma cmission spectrometry
show promise for analyzing the forage quality ena-
bling timely adjustments in diets. The nutritional
needs of most classes of livestock can be met to
a large extent by timely harvesting of forages (o

attain proper levels of protein, energy. and mincrals.

VI. ANIMAL SYSTEMS

Dairy cattle arc concentrated in Quebec,
Ontario, and southwestern British Columbia. The
land base on these farms supports production of
adapted, high producing species such as M. sativa
and Z. mais. In large operations, confined feeding
is practiced year-round. In contrast, smaller dairy
farms depend on pastures for summer feeding which
reduces inputs. Kaffka (1989) noted that the adop-
tion of grassland based management systems offered
farmers with small-sized dairy operations a largely
unanticipated opportunity to remain financially
competitive.

Beef opcrations range in size and type. Large
feedlot operations involve stored forages and hcavy
feeding of low cost small grains. At the other end
of the scale. small part-time farmers may have 10
to 30 cows and low cost housing with limited
machinery for operating the farm. These farmers
depend heavily on pastures and hay for feeding the
cattle. Low cost opportunity feeds such as cull

potatoes can constitute a significant portion of dicts.

Intensified grazing management including adapted
species, fertilization, and controlled grazing with the
help of electric fencing are factors that need to be
considered for improved profitability.

Traditional dairy and beef breeds are dominant
in most livestock enterprises. Exotic breeds are
gaining popularity and their role requires further
research. For extreme conditions breeds well adapted
to the rigorous cnvironment arc necessary for suc-
cessful animal production (Polyakov and Ivanov,
1986).

Sheep population is modest (0.7 million) in
Canada but sheep are well adapted to the rugged
conditions of winter-cold regions. The performance
of sheep during the brief summer grazing period
is adequatc on
1985).

improved pastures (Syrjala-Qvist,

Consumer preferences for low fat and cholesterol
food is a significant factor to be considered in
developing ruminant systems. Conveying a healthy
image of dairy products and red meats is necessary
to maintain market share. Innovative advertising
and product promotion are proving successful in
reducing misunderstanding about cholesterol and

fat in dairy and becf products.

VI. FORAGES IN ROTATIONS

Forages have played an important role in
rotations throughout the ages. The bencfits from
forages in rotations include improved soil structure,
residual nitrogen, increased organic matter, protection
against erosion, and break in disease and pest cycles
(Campbell et al.. 1990). Cash crop farmers in par-
ticular have experienced problems due to continuous
cropping. and they recognize again the benefits of
forages in such rotations and integrating livestock
in cropping programs (Clark and Christie, 1988).
In southern Alberta and Saskatchewan. soil salinity
has increased as a result of applying summer fallow
in rotation with cereal crops. Forage grasses, which

can withstand moderate to high salinity, can serve



as an alternate to grains in salt-affected areas
(Howarth and Goplen, 1987).

The residual effects of Trifolium spp. and M.
sativa on succeeding crops are well known and
significant savings in nitrogen fertilizer costs can
be realized with proper management. It is important
to understand the nitrogen cycle in winter cold
regions to avoid losses and to gain full benefit from

organic nitrogen source in crop production.

V. HAY MARKETING

Production of hay for domestic and export
market has increased steadily in recent years. This
segment offers opportunities for producers to market
their forage and augment their income. Total Can-
adian M. sativa processed pellet and cube production
exceeds 600,000 tonnes annually. Alberta is the
leading province in hay products manufacture and
markcting.

Key factors influencing the forage processing
industry include access to raw materials, energy and
transportation costs, climatic conditions. availability
of containers, and price and availability of competing
products (Industry, Science and Technology Canada
1988). Fluctuations in demand and price result in
uncertainty in this sector. There is also a need for
identifiable quality standards to be established by
buyers which would assist in developing constant
and consistent supplies (Love Rolheiser and Barrie,
1990). These markets require specific forage species
and quality standards. Mecting niche markets offers
opportunities for specialized market development.

High density baling reduces the volume of baled
hay significantly and makes long distance shipment
of hay feasible. Exported hay must mect stringent
quality standards including low tolerance levels for
insects such Hessian fly (Mayetiola destructor) for
the Japanese market. Developmental work on the
processing and packaging of hay is essential to meet

the quality standards.

IX. FORESTRY/GRASSLAND INTEG-
RATION

In regions where clear-cut logging takes place,
there is potential for seeding large areas to forage
Adapted

legumes in these arcas would reduce N fertilizer

species while reforestation takes place.
costs. Forage potential of these clearcuts exceeds
26 t ha'
0.2 t/ha in unimproved areas (Zacharias and Holl,

1983).

of dry matter compared with about

In British Columbia clearcut arcas seeded
to forages make a significant contribution to meeting
pasture nceds of beef enterprises. Resolving potential
conflicts between forestry and agricultural land use
is essential in such collaborative efforts.

Sheep have been used successfully in reforested
arecas for grazing vegetation and thus reducing
competition from volunteer species. In plantations
of conifer trees sheep will remove herbaceous species
and strip leaves of deciduous tree seedlings (Syrja-
la-Qvist 1985). This technique is environmentally
sound and it may be used during periods when there

is limited damage to the planted species.

X. PRIORITIES FOR RESEARCH AND
EDUCATION

Forages are part of a complex production and
land use system in which they play a key role. It
is esscntial that animals, forages. soils, environment
and all the factors influencing profitability and
sustainability are studied collaboratively (Clark and
Christic. 1988). A systems approach is essential to
bring various components together in developing
viable enterprises. The development of grazing sys-
tems for beef and sheep enterprises is required to
take full advantage of season-long pasture season.

The following breeding goals for the Northea-
stern United States and Eastern Canada were ide-
ntificd in the Regional Research Project NE-144 on
Forage Crop Genetics and Breeding to Improve

Yield and Quality (1992). Changes in forage pro-



duction strategies, such as reduced nitrogen fertiliz
ation and increased use of forage mixtures and
pastures, will require changes in breeding strategies
for continued development of improved cultivars
and germplasm. Involving public institutions in the
development of grass cultivars and forage legumes
other than M. sativa is becoming important because
private interests are abandoning this activity. Close
collaboration among researchers in geographic zones
with similar conditions is essential to develop cult-
ivars with broad adaptation. Producers will have
greater access to the improved cultivars which in

turn enhances their commercial success.

Development of persistent cultivars with good
nutritional quality for all regions remains a high
priority (Knipfel and Howarth, 1989). Since suitable
breeding material is limited, ecotypes are an impo-
rtant gene resource in breeding programs in winter
cold zones (Simonsen, 1985). Introducing material
from regions with milder climates is of little help
if such material is not persistent. Biotechnology
offers opportunities in developing new cold-tolerant,
discase resistant plant material. Speedy and accurate
forage quality determination for producers and hay
trade need further development. Improved ensiling
technology is a key factor for producing quality
stored feed.

New harvest and storage techniques need to
be developed that reduce dependence on climatic
conitions, are energy efficient and give a quality
product suitable for export market. Seed producers
need new techniques to ecnsure condsistent yields
and competitiveness.

Fertility management including biological nitro-
gen fixation and manure disposal need added atte-
ntion to develop environmentally acceptable systems
in grassland farming. The short growing season and
long periods when soils are frozen present challenges
for developing environmentally acceptable methods
of manure disposal and other management practices
under social,

political, and economic pressures.

Improved manure management practices are being

- 10 —

adopted by farmers under government incentive
programs. Such practices include the use of holding
tanks to store manure from dairy barns and feedlots
until it can be recycled as fertilizer.

Climatic change, real and predicted, will chal-
lenge the forage producer and research community
to respond to anticipated impacts and responses.
The entire forage production system will face dra-
matic changes if the anticipated global warming will
occur. Accompanying changes in growing season
and overwintering period will require better funda-
mental understanding of plant, soil, and animal
system (Stoddart, 1991).

Finally, concerns are raised regarding the allo-
cation of resources to research, education, and
extension activities in support of forage based live-
stock systems. In many countries, the farming sector
comprises a very low percentage of the entire pop-
ulation and it will be increasingly difficult to secure
adequate resources for traditional research on pas-
toral farming systems. National and international
policies have the potential to dominate farm struc-
ture and activity in spite of best management pra-
ctices. With severe financial constraints, alliances
and cooperation must expand between agencies with
common goals to foster better communication (Estes

and Lucey, 1989).

X 1. CONCLUSIONS

There arc thousands of farmers in Canada who
have the potential for utilizing forages in livestock
and cash farming enterprises more to their benefit.
Decreasing pricc margins for livestock products will
necessitate the use of low cost forages in animal
diets for producers to remain competitive. It will
be essential to develop and plan sustainable systems
including forages, animals, environment, soils and
climate. In Canada there is a large land basc in
fringe areas suitable for increased forage production
but this is possible only if there are markets for

additional beef and other animal products from this



kind of expansion. Prospects for such expansion are
not promising due to overproduction and changing
consumer preferences. Sustaining production levels
in cropping systems will require sound agronomic
practices including proper crop sequences. Forages

can play an important role in these areas.

XII. SUMMARY

Forage grasses and legumes are the main com-
ponent of livestock diets in Canada. There are over
30 million ha of grassland in Canada and there is
a large, undeveloped land base in fringe areas sui-
table for forage production. The short growing
season limits the grassland farming to the southern
parts of Canada. The winter season is long and in
most parts of Canada cold temperatures, freezing,
and thawing, and diseases exert severe stress on
overwintering forage plants. The development of
persistent cultivars is essential for sustained produ-
ction particularly in the fringe areas with short
growing season. The seasonality of dry matter pro-
duction is a result of high growth rates in early
summer and low dry matter accumulation in late
summer and fall. Innovative management practices
and cultivars with improved regrowth capacity are
necessary to overcome such skewed production
pattern and to extend effective grazing season.
Improved pasture production is an important part
of reducing costs in livestock operations and rem-
aining competitive. It is suggested that applying
available technology would increasc pasture produ-
ctivity and reduce dependence on stored feeds thus
improving profitability of small producers in parti-
cular. Reducing nutrient losses during harvesting,
storage, and feeding is essential for improved pro-
duction efficiency during confinement. The develo-
pment of low cost and labor saving methods of
ensiling is critical for improved cfficiency and pro-
fitability of forage based enterprises. Livestock ind-
ustries must respond to consumer preferences for

low fat and cholesterol foods. Research and deve-

lopment of entire production systems is emphasized
for developing viable enterprises. It is increasingly
difficult to secure resources for research, education,
and extension, and alliances and cooperation must
expand among organizations with interests in forage

based livestock systems.
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