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In Canada forage growth is season
al, usually occurring in not more
than five months of each year, where
as the demand for food by animals is
continuous and uniform over the
year. It is necessary, therefore, to con
serve a portion of the growth for
feeding during the non-growing per
iod. Over 25,000,000 tons of hay are
cut for feed in Canada each year.
Of this amount it is conservatively
estimated that 5,000,000 tons are-
wasted due to shattering or mechan
ical losses in the field and feed man
ger, and fermentation and spoilage
losses, in the silo, bale or stack. Be
cause of the long season when har
vested feeds are fed, the farmer must
make every effort to conserve this feed
so that maximum quantity and qual
ity per unit of land may be obtained.

This paper is confined mainly to
factors influencing quality in con
served forages. It does not deal with
harvesting grain for livestock food as
the methods are not subject to many
variations. Statements made in the
paper are not documented by litera
ture citations since many of the con
clusions are based on a summary of a
number of papers. A list of important
papers, and recent books, is given
under "References" for those readers
who desire more detail than is con
tained in this paper. The writer is
grateful to those authorities on ani
mal science and forage crops who
supplied data and valuable sugges
tions.

EFFECT OF STAGE OF
MATURITY AT HARVEST ON

NUTRITIVE VALUE OF FORAGE
CROPS

One of the important problems
facing the farmer each year is when
to harvest the forage crop for hay or
silage so as to obtain optimum yield
with little or no sacrifice in quality.
It is the duty of research workers to
determine with some degree of exact
ness the time when a forage crop
should be harvested in relation to
yields and animal needs and having
determined this, to develop methods
and equipment that will enable the
farmer to harvest the crop economic
ally at the best stage of growth. This
may involve the use of stationary or
field dehydrators, barn driers, hay

conditioners, etc., in preserving the
crop as hay, or new additives and
methods in ensiling the crop.

As plants grow, certain physical
and chemical changes take place.
Total dry matter increases until
plants reach maturity, but the per
centage of protein and phosphorus de
creases slowly from start of growth
until heading or flowering and then
fairly rapidly thereafter. At the same
time cellulose and lignin (or crude
fibre) content increase, making the
forage less digestible and less accept
able to the animal. Since the daily
maintenance requirement of an ani
mal is practically constant, and usu
ally accounts for approximately 60
to 75 per cent of the energy intake
on a normal ration, any decrease in
digestibility or in voluntary intake of
the ration, or both results in a pro
portionally decrease in the produc
tivity of the animal. Likewise an in
crease in digestibility or voluntary in
take or both results in a proportion
ally greater increase in productivity
which under most circumstances is of
economic significance. It is, therefore
of importance to the farmer to have
a feed that is highly digestible and
highly acceptable by the animal. The
factors that affect digestibility and
voluntary intake (sometimes referred
to as palatability) of dry matter are
not known with certainty, but it is
known that increased lignilication
of plant tissue reduces digestibility
and consumption of the plant.

A number of studies have been con
ducted on the effects of stage of ma
turity of the crop at harvest on its
nutritive value and total yield of nu
trients. Since the factors concerning
perennial grasses and legumes are dif
ferent from those concerning annual
crops (corn and cereal grains) when
grown for silage or hay, the two
groups are discussed separately.

Grasses and I^egumes

A study at Cornell University (1, 5)
showed that cows fed early-cut hay or
silage (the crop was just coming into
head) produced 25 per cent more milk
per unit of land harvested than simi
lar cows fed late-cut hay or silage (the
crop was in full to late bloom), even
though 14 per cent more forage was
harvested at the late cutting. In a
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similar experiment, dairy calves fed
the early-cut roughage weighed ap
proximately 15 per cent more at 26
weeks ot age than those fed the late-
cut roughage. Each calf received 350
pounds of whole milk, either 2 or 4
pounds daily of concentrate and
roughage ad libitum. The calves re
ceiving the early-cut forage consumed
735 pounds and those receiving the
late-cut forage consumed 528 pounds
to 26 weeks of age.

Figure I. Effect of Stage of Maturity on Potential
Growth and Nutritive Value.

Figure 1 shows the approximate in
creases in dry matter and the changes
in digestibility of the dry matter as
plants mature. The growth curve is
from mixtures of forage species and
represents an average of Cornell Uni
versity and Ottawa (unpublished)
data. Since sufficient digestibility
trials have not been carried out in
Canada at frequent enough intervals
from early growth to maturity to indi
cate how rapidly digestibility de
creases with maturity data from Cor
nell University and England are
shown in Figure 1. It will be noted
that the Cornell University and Eng
lish results differ, especially at the
more mature stages of growth. The
line indicating intake by cattle of
digestible dry matter is based on very
few observations but is shown to em
phasize that not only digestibility but
also voluntary consumption decreases
with increasing maturity.

It is obvious from Figure 1. that if
harvesting is delayed until the maxi
mum yield of forage is obtained the
digestibility of the forage and its ac-



ceptability by stock are much reduced.
Although it is not possible to state
precisely when a forage crop should
be harvested to obtain maximum re
turns per acre, harvesting should evi
dently start earlier than the usual
recommendation i.e., earlier than
when grasses have headed and when
legumes are about 10 per cent in
bloom.

In addition to yield at first harvest
the farmer must consider the value
of regrowth, or aftermath. On many
farms additional summer pasture is
often needed to supplement regular
pastures. If the hay or silage crop is
harvested early, not only is it of high
er nutritive value but the regrowth
largely compensates for the smaller
original yield. The amount of re
growth depends on the stage of
growth of the plants when the first
crop is cut, the species making up
the mixture, moisture conditions,
and soil fertility. Very little experi
mental information is available on

the influence of each of these factors,
but it is known that the species mak
ing up the mixture influence marked
ly the amount of regrowth. Relative
growth of aftermath, based on un
published Ottawa data, is shown in
Figure I.

Annual Crops

Since regrowth, or aftermath, is not
an important factor in determining
total production of nutrients from an
nual crops, only total yield of dry
matter at first cutting and change in
nutritive value with advancing ma
turity need be considered. Experi
ments with cereal crops have indi
cated that yield of forage in dry
matter per acre increases until about
the 50% milk stage and then slowly
decreases, whereas the yield in total
digestible nutrients increases only to
the early flowering stage and then
remains about constant. Animal gains
per acre indicate that cereal crops
should be harvested at the early flow
ering stage and then remains about
constant. Animal gains per acre indi
cate that cereal crops should be har
vested at the early flower stage, or,
if not possible at this stage, at the
dough stage of growth. For corn very
little information is available on the
yields of animal products when it is
harvested for silage or dry fodder at
various stages of growth. In general,
available evidence indicates that max
imum yields of animal products per
acre are obtained when the corn has
matured to the dent-stage. The class
of stock to be fed and the availability
of other feeds will influence to a
greater extent than for grasses and
legumes the stage of maturity at

which cereal crops and corn should
be cut. This is because with advanc
ing maturity of annual crops the de
crease in nutritive value because of

the loss of leaf and lignification of
stem is compensated by an increase
in the seed content. The more mature

crop has a higher starch content per
unit of dry matter but a lower pro
tein content. When the crop is to be
ensiled the higher starch content is
important in ensuring rapid ferment
ation by bacteria that produce lactic
acid .

MEASURING FORAGE QUALITY

A high-quality forage is one that
when fed to an animal yields maxi
mum quantities of saleable product
per unit ol forage fed or per unit of
land area. However, since this is a
cumbersome method for experiment
ally evaluating the nutritive value of
forages a number of simpler methods
have been proposed. These include
leafiness, color, chemical composition,
(protein, lignin, crude fibre, etc.) and

digestibility. Although each of these
gives some indication of quality, all
have been lacking in preciseness. Re
cent studies by Dr. Crampton (7) and
his associates at Macdonald College
have indicated that a 12-hour in vitro
fermentation of a forage is very highly
correlated with an "ettective nutritive
value index" formulated by Dr.
Crampton. This "index" is the prod
uct ot the digestibility of the energy
of the forage and the ad libitum in
take of the forage (the latter express
ed as a percentage of that of an ideal
forage). If future research confirms
the value of in vitro fermentation
as a reliable index of forage quality,
a major obstacle in the search for a
simple objective measurement will
have been overcome. It will be a use
ful tool in screening potential new-
varieties of forage crops and in assess
ing the influence of stage of maturity,
methods of preservation, etc.

METHODS OF PRESERVING
FORAGE CROPS

Silage vs. Hay

Much has been written and said
concerning the relative merits of pre
serving a forage crop as hay and as
silage. Evidence to date shows almost
without qualification that the nutri
tive values of the preserved forages
are, for practical purposes, similar
when a crop is harvested and stored
as silage and as barn-dried or field
cured hay provided that it is har
vested at the same stage of maturity
and is preserved in good condition.
However, a crop harvested and pre
served as field-cured hay under un
favorable climatic conditions will be
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inferior to the same crop if harvested
as barn-dried hay or silage under
favorable conditions. Data Irom Cor

nell University (1) and the United
States Department of Agriculture (12)
showed tnat the average losses in dry
matter between time of cutting and
feeding when a forage crop was pre
served as wilted silage (horizontal
silo), barn-dried hay, lield-cured hay
(no rain), and field-cured hay (rained
on) were 20, 16, 26, and 37 per cent
respectively. Losses in protein, caro
tene and energy were greater than the
dry matter losses. Energy losses, for
example, were approximately 20, 27,
30, and 47 per cent respectively. Sil
age, especially high-moisture silage, is
usually not consumed in as targe
daily quantities (on a dry matter
basis) by cattle or sheep when it makes
up the entire roughage portion of the
ration as is hay of comparable qual
ity. Weather conditions, equipment
and labor costs, and preserving losses
must be considered in determining
whether a forage crop should be pre
served as silage, or as dehydrated,
barn-cured, or field-cured hay.

Horizontal vs. Upright Silo
Opinions differ as to the relative

losses and relative nutritive values of
silage when preserved in horizontal
(bunker) and in upright (convention
al) silos. Surface spoilage losses have
been greater in horizontal than in up
right silos but with the introduction
of plastic films this greater loss need
not continue. The seepage losses from
unwilted forage are higher in upright
than in horizontal silos, often amount
ing to 10 per cent of the dry matter
put into the silo. However, with
wilted forage the use of the upright
silos usually results in higher quality
silage.

Cutting the forage and allowing it
to wilt before ensiling adds to the cost
of making silage. Studies are needed
to determine if high-moisture forages
can be ensiled with additives or by
other methods without large seepage
and fermentation losses. This is es
pecially important if the farmer is to
harvest his forage crops at periods of
high nutritive value. New types of
silos or modifications of existing silos
or equipment to rapidly pre-wilt the
forage may be the answer needed.

Dehydrated Hay

Because of present high costs of
equipment and operating costs, the
dehydration of hay for general farm
use is not common in Canada. How
ever, because of the small losses in
preservation (5 to 10%) and the high
nutritive value of properly dehy
drated hay if cut before becoming too



mature, farmers in many areas in
Canada should give serious considera
tion to this method of preserving hay.
Machine companies and agricultural
engineers should give thought to de
veloping economical delrydrating
units suitable for a Canadian live

stock farm of average or above-aver
age size.

Pelleting Hay and Feed Mixtures

Pelleting may not be considered a
method ot harvesting feed for live
stock, but if present trends indicate
future developments the time may not
be far distant when a considerable

percentage of the forage crops in Can
ada and the United States are sun-

cured or dehydrated in the field and
either pelleted or watered. Hence pel
leting and watering are considered to
be worthy of mention in this paper.
Averaging the data from over 30 pub
lished papers on this subject indicates
that pelleting an all-roughage ration
or a ration containing a high percent
age of roughage (70% and over) in
creases the daily voluntary feed in
take by cattle or sheep by approxi
mately 20%, reduces slightly tne di
gestibility of the ration, but increases
the feed efficiency of the animal by
approximately 25%. The animal re
sponse to pelleting lower quality
roughage is greater than with high
quality roughages. As the percentage
of concentrate in the ration is in
creased the value of pelleting de
creases. For example, in Calitornia
and Georgia experiments, when the
ration contained between 60 and 70
per cent concentrate, steers fed the
pelleted ration consumed approxi
mately 16 per cent less feed and
gained 12 per cent less than those fed
the same ration in the unpelleted
form. With lactating dairy cows, the
results from pelleting have not been
as favorable, mainly because the fine
grinding necessary for pelleting has
caused a drop in butterfat percentage.
Since the forage is not finely ground
before watering, it is not expected
that wafers would have any unfavor
able effect on butterfat percentage.
However, very little research work on
the feeding value of watered rough
ages or watered complete rations has
been reported in the scientific litera
ture.

The reasons for the increase in ef
ficiency of feed utilization when pel
leted rations are fed in comparison
with non-pelleted rations are not
known with certainty. A number of
reports indicate that the increase is
apparent and is merely due to a great
er palatability of the pelleted feed

since when pelleted and non-pelleted
feeds are fed in equal amounts there
has been very little difference in ef
ficiency of feed utilization. However,
other studies have shown a superior
ity for pelleted feeds when fed at the
same level of intake. Of considerable

interest are the recent findings that
the method ot preparing feed (i.e.,
grinding, pelleting, cooking, etc.) in-
iluences the type of fermentation that
takes place in the rumen. More know
ledge on this lermentation process
and the factors that affect it, will
probably explain many heretofore un
explained differences between similar
feeds and will enable the farmer to

influence, by processing, the nutritive
value of a teed.

It is of considerable importance to
the leeder and feed dealer, that pel
leting ot roughages or complete ra
tions facilitates mechanical Handling
of the feed, permits greater automa
tion of feeding and reduces the stor
age space to approximately 12 per
cent of that required for loose hay.
In addition, stored pelleted roughages
maintain their carotene content and

possibly other nutrients to a greater
extent than loose roughages.

HARVESTING PASTURES

.. (Natural vs. Mechanical Grazing)..

During about five months of each
year in Canada animals are able to
harvest their own feed if given an op
portunity to do so. In recent years
much thought and study have been
given to the relative merits of dif
ferent systems of grazing on the pro
ductivity of the pasture. A summary
of studies comparing mechanical, or
zero, grazing with natural grazing
(strip, rotational or free range) for

cattle have shown that more animals

were carried per acre under mechani
cal grazing but total production of
saleable animal products per acre was
not greater. In studies with sheep
mechanical grazing has been inferior
to natural grazing. In tests on systems
of grazing the forage mixtures used,
the level of stocking, and manage
ment practises influence the results
obtained. Some forage mixtures re
spond better to cutting than to graz
ing and vice versa, and unless the
pasture is stocked to capacity so that
all forage is efficiently utilized, a valid
comparison cannot be made. This is a
criticism of many studies that have
been carried out. Care in the manage
ment of the pasture and the stock has
had greater effect on pasture produc
tivity than the system of grazing fol
lowed.
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FUTURE TRENDS THAT MAY
AFFECT METHODS OF

HARVESTING FORAGES

1) The ensiling of all forages at
a relatively early stage of maturity
(before heading and llowering) and

ory lot feeding of this silage to cattle
throughout the year is being practised
by some dairymen and cattle feedlot
operators and may well become more
generally used. This will result in
animals being fed a ration of constant
quality throughout the year.

2) The dehydration as hay or de
hydration and pelleting or watering
ot all forages at an early stage of ma
turity and dry lot feeding of cattle
throughout the year also is being con
sidered by some livestock producers.

3) Greater use of mechanical graz
ing is being practised on some farms,
especially in areas where natural graz
ing damages the sod, or where the
pastures are some distance from the
Darns or across busy highways, etc.

These trends will require:

1) More information on nutritive
values of forage crops at different
stages of maturity, on the relationship
between stage ot maturity and yield,
on the influence of maturity of a
forage crop when cut and amount and
rapidity ol regrowth, and on varieties
ot forage crop that will recover quick
ly and abundantly after repeated har
vestings.

2) More information on the factors
that promote good silage fermentation
(high lactic and low butyric acid pro
duction and small percentage of pro
tein breakdown), and on ensiling high
moisture forages with minimum
losses.

3) Machinery and equipment adapt
ed to farm-size operation for hand
ling, chopping, dehydrating, and pel
leting or watering forage crops.
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is not precise nor delicate enough for
accurate results. Technique, tnen is
one of the first major obstacles to
overcome in this study before conclu
sions can be drawn.

Similtudes must necessarily be ob
tained between the two fluids, air
and water, and this in itself is diffi
cult to reach. It was decided to use
light sand to simulate snow as fall
out was similar to that of snow in

the prototype and duplication of ac
tual conditions can be made with fair

accuracy.

CONCLUSIONS

The design of farm structures in
recent years has increased the diffi
culties encountered by snow accumu
lation. The open front buildings in
particular have been rendered inac
cessible in some areas and unsanitary
or unhealthy in others and in some
cases, the buildings have been made
unsafe by undue snow loads in critical
locations on the structure.

The conclusions to be drawn from
the discussion on snow accumulation
around farm buildings are as follows:

1. Open front buildings tended to
create suction pressures which
cause snow to swirl to the interior

of the building decreasing usable
space for lounging of cattle.

2. Snow appears to accumulate on
the lee side of buildings and ac
cessory structures.

3. Snow particles will fall out of
turbulent sections where velocity
approaches zero.

4. In long open front buildings, that
is, over 50' in length, snow accu
mulates in the corners of the
structure while little or no snow
is accumulated at the central area.
There is however, a drafty section
created in buildings of this type.

5. Structures as mentioned in item
4 can be made workable by con
structing partitions at one-third
points along the length of the
building.

6. Some buildings with drop panels
2 feet or so below the eave tend
to deflect the snow to the exercise
yard but accumulates snow in this
area making the yard impassable
during certain months of the year.

7. Vertical structures, especially high
large diameter silos placed in
front of open front buildings and

at the central partition tend to
plug the area between the silo
and the buildings.

8. Large diameter silos and similar
shaped structures tend to form
hollows in the immediate peri
phery of the base of the silo but
accumulate mounds of snow with

in a foot or two of the silo thus

creating obstacles to self feeding
from the silo.

9. Some method of clearing snow
accumulation from certain sec

tions of the roof of structures

should be made available to less

en the stress on structural mem

bers.

10. Snow fences and windbreaks may
often have detrimental effects on
structures if improperly located in
the tarmstead plans.

11. Delinite indications of snow ac
cumulation can be determined by
model studies in wind tunnels
prior to construction of buildings
or accessory structures.

12. Water flume studies are being
used to determine the reasons for
snow build-up in certain areas
and techniques are being devised
to enable researchers to study the
basic reasons why certain phe
nomena occur with snow particles.

The study is expected to lead to
definite recommendations on farm
building design as far as location of
the structures on the farmstead plan
and even the shape of the structure
for most efficient utilization of snow
distribution methods.
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