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Hay harvested by a compaction-type stacker was of consistently higher quality than that harvested by a non-compaction-type
machine. Under conditions of the test, windrow size had no significant effect on quality of hay which was subsequently stacked
using a non-compaction-type wagon. Brome-alfalfahay, stacked at a moisture content of approximately 23%,and dropped in the
field using a non-compaction-type stacker was of higher quality than that from stacks that were immediately hauled a distance of
2.4 km to storage.

INTRODUCTION

Since the introduction of the mechanical

stacking wagons, primarily in the late 1960's,
their use has been increasing, relative to
standard balers, due to lower labor
requirements and higher capacities. Models
with capacities ranging from 1 to 10 tonnes
are available in one of two types which the
authors define as compaction and non-
compaction. The non-compaction models
partially shred or chop the crop and blow it
into a container which shapes the stack.
Settling is brought about by the force with
which the material is blown into the

container and by the vibration of the wagon
as it travels down the field. The compaction
wagons use mechanical force to compress
the hay. Various methods are used, ranging
from a series of hydraulically operated
fingers to a canopy or roof that can be
lowered to compress the entire stack.

There have been numerous studies

(Barnes 1972; Berge 1973; Buckingham
1974; Friesen 1973; Gill and Van Keuren
1972; Maish et al. 1969; Padbury 1975;
Petritz and Carson 1972; Renoll et al. 1974)
comparing the costs of operation, capacities
and labor requirements of these machines.
In addition, some studies (Bartle and
Voelker 1970; Belle and Martz 1974; Bowers
and Rider 1974; Friesen 1976; Gill 1973;
Parsons 1973) have included the
measurement of harvesting and feeding
losses associated with the system, while
others (Bledsoe et al. 1973; Rouquette 1973;
Van Keuren et al. 1973) have compared the
quality of mechanically stacked hay with
that of hay preserved using conventional
bale systems. However, there are few
comparative data available with respect to
field losses, changes in hay quality during
storage or on the evaluation of hay quality
by means of feeding trials.

When using non-compaction stack
wagons at the Melfort Research Station, it
was found that even a skilled operator could
not, with any consistency, build weather-
resistant stacks under variable operating,
field and crop conditions. It was thought
that perhaps size of windrow might affect
the ability to properly form the stack for the
following reasons:

(1) A heavy windrow would reduce the

TABLE I. MANUFACTURER'S SPECIFICATIONS FOR STACKING WAGONS

Model no.

Capacity
(tonnes)

Stack size (m)

Manufacturer Length Width Height

McKee Bros.

John Deere

800

200

3.6-4.5

2.7-3.6

4.87

4.27

3.05

2.59

3.05

3.05

time required to form a stack and
consequently reduce the time available to
the operator for adjusting the blower spout
so as to properly build the stack.

(2) If ground speed was reduced to over
come the first problem, the degree of settling
and compaction which occurred during
filling would be reduced.

In both of these situations, a lower
density stack would be formed which would
likely be more prone to uneven settling.

Once a stack has been formed using a
mechanical stack wagon, it can either be
dropped in the field or hauled to the
stackyard. One possible disadvantage of the
second method is that considerable settling
of the hay may occur, due to the shaking
action of the wagon as it travels. The degree
of settling would depend upon several
factors including road speed, roughness of
the road and length of the haul. This
additional compaction might be useful in
cases where the hay is very dry and,
therefore, more difficult to compact.
However, in most instances, rate of drying
would be reduced, thereby increasing the
probability of the occurrence of heating and
internal spoilage.

In order to substantiate these
observations and to obtain additional
comparative data, three experiments were
conducted in 1974, with one being an
expanded version of work done the previous
year. The experiments involved: (1) a
comparison of a compaction and a non-
compaction-type wagon; (2) the effect of
heavy and light windrows on hay quality; (3)
the effect (on the feeding value of the hay) of
field dumping vs. immediately hauling
stacks to the stackyard.

MATERIALS AND METHODS

Experiment 1 — Compaction vs. Non-
compaction Stacking Wagons

The McKee 800 (non-compaction) and

the John Deere 200 (compaction) were
chosen for the test. The manufacturer's

specifications are listed in Table I.
Brome-alfalfa (11:3 by weight) was cut in

July 1974 with a 2.74-m mower-conditioner
and left in windrows to dry to a moisture
content of approximately 25% before being
stacked. About 17 tonnes of forage dry
matter was put up by each of the stackers on
the same day. Alternate windrows were
harvested by each of the stacking wagons to
ensure that a uniform cross section of the

crop went into each type of wagon. The
stacks were unloaded in the field and core-

sampled. Two months later, the stacks were
reloaded and hauled 1.6 km to the

stackyard, where they were weighed and
core-sampled. Beginning in December of
1974, the stacks were fed to two lots of 27,
long-yearling Hereford heifers for a period
of 100 days. One strand of electrified wire
around the perimeter of each stack was used
to control feeding. In addition to the hay, the
cattle received 0.8 kg dry matter (DM) of
dry-rolled barley per head per day. As each
stack was moved into the feedlot it was
weighed and core-sampled so that moisture,
protein (N X 6.25), ash (Association of
Official Agriculture Chemists 1965), and
digestibility of organic matter (OMD)
(Troelsen 1969) could be determined.

Experiment 2 — The Effect of Heavy and
Light Windrows on Stack Quality

In July 1974, a McKee Stack-N-Mover,
model 800, was used to harvest bromegrass-
alfalfa (20:1 by weight), yielding
approximately 2 tonnes of dry matter per
hectare.

The crop was cut with a 2.74-m, mower-
conditioner, set to deliver a full-width swath.
After field drying to approximately 35%
moisture, the crop was windrowed using a
parallel-bar, side-delivery rake. Single-
swath and double-swath windrows were
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TABLE II. HARVESTING AND STORAGE DATA, 1974

Experiment; 1 Experiment 2 Experiment:3

Treatment John Deere McKee Light Heavy Field-dropped Hauled in

Avg wet mass/stack (kg)
- at stacking
- into storage
- out of storage

1619 ± 72t

1660 ± 72

1901 ± 41
1904 ± 58

2283 ±148

2040 ±128

2229 ±103

1923 ± 94

3363*

2879 ±107
2854 ±107

3392 ±117

2876 ± 80

Moisture content (%)
- at stacking
- into storage
- out of storage

23.1 ±0.6
17.8 ±0.4

17.9 ±0.8

25.3 ±0.7
23.0 ±1.3

24.6 ± 1.5

18.7 ± 0.9

28.5 ± 2.8

19.0 ± 0.9

26.8 ± 1.6

23.3 ± 0.7

19.8 ± 0.8
22.1 ± 1.1

22.5 ± 0.7

22.5 ± 0.7
20.7 ± 1.7

Avg dry matter/stack (kg)
- at stacking
- into storage
- out of storage

1331 ± 63

1363 ± 67

1468± 51
1435 ± 63

1849 ±106

1465 ±123

1804 ± 75

1405 ± 67

2579*

2325 ± 93
2221 ± 85

2623± 75

2289 ± 81

Dry matter loss (%) (0) 2.3 20.8 22.1 13.9 12.7

Dry matter harvested
(kg/ha) 5284 5065 4881 4925 2156 2193

Usable dry matter (%) -
-

78.7 76.2 84.4 84.4

t Standard error of mean.
* Calculated from yield of standing crop assuming equal harvesting efficiency for both treatments.

alternately formed across the field. Stacking
was completed over a period of 2 days, with
stacks being made alternately from single
and double windrows. The stacks were
immediately hauled to the stackyard, a
distance of 0.8 km, where they were weighed
and core-sampled. About 15 tonnes dry
matter (eight stacks) were harvested from
each windrow type.

In February 1975, a 60-day feeding trial
using two groups of 27 long-yearling
Hereford heifers began. The stacks were
weighed and core-sampled before being
moved to the feeding area. The method of
feeding and the amount and type of grain
fed were the same as in the previous
experiment.

Experiment 3 — Effect of Hauling on Stack
Quality

The objective of this test was to
determine whether the feeding quality of a
stack hauled in immediately after forming
would differ from that of one dropped in the
field, when moisture content at time of
stacking was approximately 25%. Since it
was thought that the effect on compaction
due to hauling would be greater in a non-
compaction wagon, a McKee 800 was
chosen for the test.

The test was conducted in each of 2 yr. In
July 1973, both bromegrass and crested
wheatgrass (CWG) were cut, using a mower-
conditioner. After field wilting, four stacks
each of bromegrass and CWG were made.
Two stacks of each kind of forage were
hauled a distance of 4 km to the stackyard
immediately following stacking. The
remainder were dropped in the field and left
for a period of 3 mo prior to hauling. When
stacked, the bromegrass had a moisture
content of 19%, while two stacks of CWG
were harvested at 32%, moisture and two at
22% moisture.

In 1974, 10 stacks of bromegrass-alfalfa
(3:1 by weight) were put up. The crop was
cut using a 4.9-m, self-propelled swather
equipped with a conditioner, and wilted to
about 23% moisture. Alternate stacks were
either dropped in the field, or hauled a
distance of 2.4 km to the stackyard. Those
left in the field were hauled a distance of 2.4
km to the stackyard. Those left in the field
were hauled to the stackyard after a period
of 2 mo. Each stack was core-sampled at the
time of harvest and again when it was fed.
Those stacks that were dropped in the field
were also cored when they were hauled in.
Each stack was weighed when it was brought
into the stackyard, and again at feeding. All
of the core samples were analyzed for
moisture, protein and digestibility of
organic matter.

In 1973 a visual and olfactory
examination, as well as a sheep feeding trial,
were used to evaluate the effect of these
treatments. The feeding trial consisted of
measuring intake of 32 individually caged
crossbred lambs, mean weight 39 kg, in an
experiment of randomized block design.
Hay was chopped through a hammermill
screen containing holes 5 cm in diameter.
Voluntary intake was measured over a 9-day
period followinga 9-day adjustment period.

In 1974, two groups of 27 yearling
Hereford heifers served as the test animals.
As in the previous experiments, electrified
wire was used to control feeding and barley
was fed at the rate of 0.8 kg per head per day.
The cattle were weighed at 2-wk intervals
throughout the 57-day test.

RESULTS AND DISCCUSION

Experiment 1
Table II lists the pertinent harvesting and

storage data. All values listed are averages
for the 13 John Deere stacks and the 11

McKee stacks harvested.
The weight of stack produced by both

stackers was well below that claimed by the
manufacturer, the John Deere stacks
averaging approximately 1.6 tonnes, and the
McKee stacks 1.9 tonnes. The stacks were
not weighed until 2 mo after stacking, during
which time the moisture content of the hay
decreased (Table II), and some loss of dry
matter would have occurred as a result of
biological activity. Therefore, these stack
weights were undoubtedly lower than would
have been the case had they been weighed
immediately. If it is assumed that the ash
content (by weight) remained constant
during this period, the increase in percent
ash should be a measure of the loss of dry
matter during the same period. Since the ash
content increased from 6.2 to 6.6%; of dry

matter (Table III), or approximately 6.5%, it
can be calculated that the weights of dry
matter at time of stacking would have been
1417 and 1559 kg, and that the weights as
harvested were 1843 and 2087 kg for stacks
made by the compaction and non-
compaction methods — values still well
below the specified capacity of these
machines.

During the fall and winter storage period,
weight of the John Deere stacks appeared to
increase by an average of 32 kg DM, while
that of the McKee stacks decreased by an
average of 33 kg. The apparent increase in
weight could have been due to the difficulty
of (a) obtaining representative samples for
moisture content, and (b) removing all of the
snow and ice from the top of the stacks prior
to weighing.

The average dry matter harvested per
hectare by the John Deere stacker was 4.3%
higher than the amounts harvested by the
McKee. However, it is not possible to state
whether this difference was significant, since
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TABLE III. CHEMICAL COMPOSITION (DRY MATTER BASIS) OF BROMEGRASS-ALFALFA
HAY, 1974

Percent

Treatment

Experiment 1
John Deere

- at stacking
- into storage
- outofstorage

McKee

- at stacking
- into storage
- outofstorage

Experiment 2
Light windrow
- at stacking
- out of storage

Heavy windrow
- at stacking
- out of storage

Experiment 3
Field-dropped
- at stacking
- into storage
- out of storage

Hauled in

- at stacking
- out of storage

t Protein = N X 6.25.

* Digestibility of organic matter.
§ Standard error of mean.

Protein t Ash OMD*

7.4±0.4§ 6.3 ±0.2 52.7 ±0.5
7.5 ±0.4 6.6 ±0.8 48.7 ±0.8
7.7 ±0.5 6.6 ±0.2 46.7 ±0.9

7.2 ±0.4 6.1 ±0.1 52.9 ±0.7
7.4 ±0.3 6.5 ±0.5 48.2 ±0.6

7.7 ±0.6 6.6 ±0.3 45.7 ±1.0

12.3 ±0.5 7.2 ±0.1 56.3 ±0.6
12.5 ±0.6 8.3 ±0.3 48.5 ±0.8

12.3 ±0.8 7.1 ±0.2 56.7 ±0.4

12.8 ±0.4 8.7 ±0.4 50.5 ±0.9

10.6 ±0.2 6.9 ±0.3 60.2 ±0.7
10.3 ±0.4 7.1 ±0.1 59.9 ±0.8
10.9 ±0.4 55.7 ±0.6

10.6 ±0.2 7.1 ±0.1 61.0 ±0.8
11.1 ±0.5 56.3 ±1.0

TABLE IV. STEER FEEDING TRAIL RESULTS, 1974

Liveweight Feed
gain efficiency

(kg/d) (kg DM)/(kg gain)
Intake

(kg/d)

Dry matter
fed

(kg/ha)

Liveweight
gain

(kg/ha)

Experiment 1
John Deere

McKee

.43±.029t 15.27

.40 ±.027 15.73
6.58

6.28

5284

4898

346

312

Experiment 2
Light
Heavy

.46 ± .08 16.4

.44 ± .07 15.8
7.53

7.03

3841

3752

234

238

Experiment 3
Field-dropped
Hauled in

.79 ±.036 10.56

.72 ±.033 11.40
8.35

8.21

1820

1856

173

161

t Standard error of mean.

there were no replicates in the field.
Another point of comparison between

the two types of stacks is that of wind loss.
Wind loss was the amount of material blown

from the stacks after being dropped in the
field. The losses, determined by weighing
hay collected from the ground adjacent to
each stack, amounted to 4.0% for the John
Deere stacks and 1.2% for the McKee. This
loss would easily offset the greater amount
of DM harvested per hectare by the John
Deere machine. While losses due to wind

could be expected to vary considerably,
depending on conditions during the first
several days after stacking, it has been
observed that because of the layering effect
of the compaction stackers, losses due to

wind were higher than occurred with the
non-compaction types.

A visual comparison of the stacks, when
fed, showed the McKee stacks to have more
spoilage and a greater number of wet or
frozen pockets than did the John Deere
stacks. The pockets generally seemed to be
associated with the more uneven tops of the
McKee stacks, compared to the smoother,
more rounded tops of the John Deere stacks.

The analyses of samples obtained from
the two types of stacks at the time of
stacking, into storage and out of storage, are
presented in Table III. Percent protein and
ash were similar in hay harvested by each
system and tended to increase with time in
storage. This apparent increase was
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probably a result of the loss of dry matter,
due to spoilage and other metabolic activity
which occurred in the stack during storage.
Weeks et al. (1975) observed similar
increases in percent protein, ash and crude
fibre following storage of mechanically
stacked alfalfa hay. Organic matter
digestibility decreased by 6 and 7.2% for the
John Deere and McKee stacks, respectively,
between stacking and feeding.

The results of the feeding trial are
presented in Table IV. Although there was a
trend for cattle fed from the John Deere

stacks to have higher average daily gains,
intakes and feed efficiences, differences were
not significant (P > 0.05).

Dry matter fed per hectare represents
the amount harvested, less the amount lost
during storage. Gain per hectare, obtained
by dividing the amount fed by the feed
efficiency, provides an overall evaluation of
the two systems. The John Deere stacks
proved superior, returning an extra 34 kg of
gain per hectare over the McKee stacks.

Experiment 2
Ground speed during loading averaged

3.7 and 3.2 km/h for the light and heavy
windrow treatments, respectively. This
resulted in a loading time of 24.25 and 13.1
min, and a harvesting rate of 4.66 and 8.12
tonnes DM per hour, for the corresponding
treatments.

Table II lists additional harvesting and
storage data for the test. All the values listed
are averages for the eight stacks harvested
for each of the two treatments.

As in the previous test, average stack size
did not approach the manufacturer's stated
size. Although one stack did weigh 3.2
tonnes when formed, the average weight was
50-60% of that claimed by the manufacturer
(3.6-4.5 tonnes).

The moisture content at stacking was the
same for both treatments (Table II).
Throughout the storage period, both stack
types increased in moisture content, with
those made from the light windrows
increasing by an average of 10%. Dry matter
losses of 21 and 22% were recorded for the
stacks made from the light and heavy
windrows, respectively. The amounts
harvested per hectare differed by only 1%
(NS). There was a difference of 2.5% in the
amount of usable dry matter in the stacks,
usable dry matter being defined as dry
matter harvested minus dry matter losses
during storage, and refused feed.

Approximately 3 mo after harvest, a
rating of stack appearance was made using a
scale of 0 to 3. Three indicated a well-topped
stack, while zero represented the poorest
stack top, i.e. one having a definite "saddle"
shape when viewed from the side. The
average results from two independent
observers were 1.5 and 2.1 for the stacks

made from the heavy and light windrows,
respectively. A visual comparison of the
stacks throughout the feeding period failed
to ascertain any distinctive differences in
internal stack quality, with both types
having numerous wet and/or frozen
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pockets.
Protein and organic matter digestibility

at harvest were higher than in the previous
experiment (Table III). Percent protein and
ash tended to increase during storage.
Organic matter digestibility decreased 6-8%
during the period in storage, but differences
between hays made from the two types of
windrow were not significant.

The results of the feeding trial (Table IV)
indicate no significant differences in either
rate of gain or feed efficiency of steers fed
hays put up from the light or the heavy
windrows, although cattle fed from stacks
made from the light windrows consumed 0.5
kg more feed per head per day. Similarly, in
terms of gain produced per hectare
harvested, there was a difference of only 4 kg
between treatments.

Experiment 3
Since the 1973 test was only a preliminary

investigation, extensive harvesting and
storage data were not recorded. Dry matters
for those stacks left in the field were not

measured, so loss comparisons cannot be
made.

The results of the visual and olfactory
examinations are shown in Table V. For

purposes of grading, a scale of 1 (poor
quality) to 5 (excellent quality) was used.
Overall average values for the hauled-in and
field-dropped stacks were 2.29 and 3.28,
respectively.

Athough no samples were obtained "into
storage" from the "field-dropped" stacks in
1973 (Table VI), the "into storage" values for
the "hauled-in" stacks could be used, since
all stacks were formed in the same field at

approximately the same time. No differ
ences in protein content due to treatment
were found. Organic matter digestibility
for the bromegrass and high moisture
crested wheatgrass out of storage was lower
for those stacks hauled in immediately than
for those dropped in the field. The opposite
was true for the low moisture stacks of

crested wheatgrass. This apparent
contradiction could be explained by the fact
that the compaction occurring during
transport was detrimental to the high
moisture stacks, as it prevented proper
drying out, whereas, for the low moisture
stacks, the extra compaction was useful, as it
helped to prevent the later ingress of
moisture, and hence helped to preserve a
better quality stack.

Only the high moisture crested wheat-
grass and the bromegrass were fed to lambs.
Differences in intake between lambs fed the

two bromegrass treatments were not
significant (Table VII). The trials did,
however, corroborate the results of the
sensory examination and of the laboratory
analysis of the high moisture crested
wheatgrass.

Harvesting and storage data from the test
conducted in 1974 are shown in Table II.
"Into storage" stack weights, and weights of
dry matter were obtained immediately
following stacking for the "haul-in"
treatment, while those for the "field-
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TABLE V. VISUAL AND OLFACTORY TEST RESULTS, 1973

Treatment

Bromegrass, hauled in
Bromegrass, field-dropped
High moisture CWGt, hauled in
High moisture CWG, field-dropped
Low moisture CWG, hauled in
Low moisture CWG, field-dropped

Avg, hauled in
Avg, field-dropped

t Crested wheatgrass.

Visual

quality
Olfactory

quality

1.50 2.25

2.75 3.00

2.00 2.50

3.50 4.00

2.50 3.00

3.50 3.50

2.00

3.25

2.58

3.50

TABLE VI. CHEMICAL COMPOSITION (DRY MATTER BASIS) OF HAY, 1973

Treatment

Bromegrass, field-dropped
Bromegrass, hauled in
High moisture CWG §, field-dropped
High moisture CWG, hauled in
Low moisture CWG, field-dropped
Low moisture CWG, hauled in

t Protein = N X 6.25.

* Digestibility of organic matter.
§ Crested wheatgrass.

Proteint (o/0) OMD* (%)

Into Out of Into Out of

storage storage storage storage

. 12.10 . 50.78

8.93 12.14 52.90 49.01
- 11.48 - 53.03

10.75 11.37 58.11 52.80
- 11.66 - 48.67

10.04 12.43 57.56 52.76

TABLE VII. LAMB FEEDING TRIAL RESULTS, 1973

Treatment

Bromegrass, hauled in
Bromegrass, field-dropped
High moisture CWGt, hauled in
High moisture CWG, field-dropped

t Crested wheatgrass.

dropped" treatment were not obtained until
after a 2-mo storage period in the field. As a
result, a direct comparison of storage losses
was not possible. However, it can be
assumed that the dry matter into storage and
harvesting efficiency were similar for both
treatments, since stacking was done with the
same machine at the same time. On that

basis, loss of DM during storage averaged
13.9 and 12.7% for the "field-dropped" and
"hauled-in" treatments, respectively. The
amount of feed refused by the calves was
higher for the "hauled-in" treatment (1.7 vs.
2.9%), resulting in an overall percent usable
dry matter of 84.4% for both treatments.

The stacks were visually examined
throughout the feeding period. No
consistent differences between stack types
were observed.

Analyses of the hay harvested in 1974
showed the usual increase in percent protein
following storage (Table III). Organic
matter digestibility was higher "at stacking"
and following storage than in either of the
previous two tests. There was no treatment
effect on either protein content or organic
matter digestibility.

Intake

(g/day) SE

836 ±80

798 ±80

905 ±80

1013 ±80

In the feeding trial, heifers fed the
"field-dropped" stacks gained significantly
faster than those fed hay from stacks hauled
in immediately after forming (Table IV).
This higher rate of gain was accompanied by
a slightly higher intake and improved feed
efficiency. Gain per hectare was
approximately 7% higher from the field-
dropped stacks.

CONCLUSIONS

1. The capacity of the stacking wagons
tested was found to be 20-50% below the
manufacturer's rated capacity.

2. Quality of hay following storage was
consistently higher for stacks harvested
with a compaction-type stacker,
compared to that harvested with the non-
compaction type.

3. Loading rate [4.66-8.12 t/h (DM)] and
size of windrow had no significant effects
on hay quality when bromegrass-alfalfa
hay yielding 2 t/ha was stacked at a
moisture content of approximately 19%
with a non-compaction-type wagon.

4. Quality of hay stacked with a non-
compaction-type stacker, as determined
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by chemical analyses and animal feeding
tests, was, with the exception of organic
matter digestibility, higher from stacks
dropped in the field than from stacks
hauled 2.6 km to storage immediately
after forming. The extent of the effects of
hauling on quality is believed to be
directly related to moisture content of
hay at time of stacking.
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