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raymond Zilbert “fortimer

ABSTRACT

The purpose of this study was to provide data on periormance
rates ot torage harvesting wachirery and to develop synthetic cost
data and partial buagets for harvcsting and storing grass silarge
by alternative methods.

Data were ottained by means oi a survey, on a "time and motion
study" basis, otf grass silage harvesting and storing onerations on
a roughly stratified sample of 71 South-Central Michigan dairy iarms
using specitied forage harvesters and blowers in specified combinations
of machinery, labor ana power.

Per:'ormance rates varied with size and type of machine, size
of crew and storing methods. Overall average performance rates
for harvesting and storing green material from field to storage were
9.1 tons per hour with an averare ot 9.6 tons per hour ior direct
cut ana 8.6 tons per hour for wiltced material. The tyoical outfit
consisted of 3 men, 2 wagons and 3 tractors. Average potential
blower capacity for all types was 13,7 tons per hour for direct cut
and 14,6 tons per hour for wilted material with rates tor PTOU models
of 27.1 and 23.L tons per hour respectively. In all cases, the
potential periormance rates for forapge harvesters and blowers, piven
the associated equipment, on the operations observed, were below the
manutacturer's claims for the various machines,

Data from the survey, and a review of work by the physical

scientists into the etfticiency ot the different types of machines and

iv



the nutritive losses and feea wastares which occur with the various
methods of conserving grass silage, were used to cevelon synthetic
cost data and vartial budgets ror harvesting and storing grass silare
for dirrerent sized dairy nerds on farms similar to those in the
survey.

The assurption, made in this stuay, that marsinal costs are
constant over the whole range oz output tfor a given system, prevented
true economic ootima or machinery capacity (where 1"VP = }NFC) from
being determined. Instead "guesstimates" of this point -- reterred
to as 'capacity limits" -- were maae, beyona which it was considered
"uneconomical™ to operate the system,

Recormendations, bas=d on the survey resulis and the synthetic
data, include the use of custom hiring services and trench silos for
small herds, snaring oi equipment ana selt ieed punker silos for
medium sized herds, and ownership o1l motor mountea itorage harvesters
with large upright silos having mechanical unloaders and teed bunks
for the large herds.

The limitations of the study point to the need tor more
interaisciplinary research work into the various economic and tech-
nical aspects of grass silage conservation., In particular, the
technicians should provide further data on the nutrient losses and
wastages that occur with the various systems of narvesting, storing
and feeding grass silage and the agricultural economists should under-
take exact measurement studies into tne labor ana machinery require-

ments at all stapges of the operations. The "true marginal cost" of

harvesting and storing grass silage by alternative methods could then
be derived, and economic optima or machine capacity determined.

v
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CHAPTER I
INTRCDUCTICN

Many recent articles and speeches have stressed the fact that dairy
herds of the future will have to increase in size if they are to remain
economic units, An analysis of the problem of low labor incomes in dairy-
ing, = with possible solutions, - has been presented by Fuller;l/

Some herds of the future may well be of a 100U=-cow size and upwards,
overated by one man and maintained in aloose-housing, parlor milking set
up with milking rates of 50 to 60 cows per man hour, Duckhaﬁg/ envisions
complete electronically controlled milking operations,

Low feeding costs will be essential in these tuture organizations,
It has been proved, ad nauseum, that grasses and legumes are the cheapest
source of feed for herbiverous stock. Large quantities of such fecd will
need to be conserved with the aid of only a small labor force, Difficul=-
ties arise in harvesting and storing forage in the uncertain weather
which occurs in June, A study of weather data from the U, S. weather
station at East Lansing, Michigan, for a L5-year period reported by

3/
Hoglund shows that for any day a farmer mows hay during the period June

7

E.,I. Fuller, Some Labor Efficient Dairy Farm Operations Designed for
Michigan Conditions,Department of Agricultural Economics, Michigan
State University, Ag Econ. 67L, April, 1957.

2/
3/

A, N, Duckham, "Agriculture in the Early Atomic Age", Arricultural
Review (U.,K.), Vol, III, No. 5, August, 1957,

Ce Re Hoglund, The Economics of Alternative Forage Systems, Department
of Agricultural Economics, Michigan State University, Age. Econ. 67k,
April, 1957,
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X +015 that the odds are 3 to 1 against the occurrence of good weather
for three consecutive days,

Harvesting of grass silage is suggested by Hoglund, Fuller and
many others, (including the present writer) as one way of handling large
quantities of high quality forage in the typically rainy spring weather
of Michigan and other such areas (e.g. Great Britian), If grass silage
is to occupy a high place in the farm plan it is essential that the product
be ot high feeding value and that the cost per feed unit compare favorably
with alternative feedingstufis.

Work at Beltsvillél/ shows that more mutrients can be obtained from
forage crops by harvesting them as silage rather than as field cured hay.

Labor and equipment requirements, in terms of per ton of dry matier pre-

served, are about the same for both methods.
The Problem

The problem facing the farmer is how to conserve as large a
quantity of grass silage as possible within the limited time period
available commensurate with high feeding quality and an economical
level of costs, Fellowsg/ has stressed the lack of research into the
economics of forage production and criticised much of what has been
undertaken on the grounds that it consists mainly of such statements as

"the average cost of harvesting with a forage harvestor was $8 per ton

whereas the average cost with another system was $L per ton."

i
/ Jo B, Sheperd, et.als, "Grassland", UsDA, Year Book of Agriculture, 1943
2

I, Fo Fellows, "Economics of Grassland Farming in the North East",
Journal of Farm Economics, Vol, 3L, 1952,
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Such facts are o little use to a farm overator without re:rerence
to the conditions ana assumptions of the study. To organize a combina-
tion of men and machines to harvest tne required quality ot silape it
is essential that operators have reliable performance data available,
Considerable variations exist between aata from past surveys and manufac-
turers! claims, These latter claim perrormance rates tor forace harvesters

v

between 20 and 30 tons per hour. A rate as nign as 4> tons ver hour is
claimed for one recently introauced moael. Capacity tor thne complete
operation is more important than that o1 indiviaual machines, Pertormance
results irom vrevious surveys are summarized in Appendix Table 1 and range

from rates ot l.4 tons to 10,0 tons per hour for harvesting grass silage

from field to storage.
Cbiective

The objective oif the study is to provide data on current performance
rates, and costs and protfits 1rrom partial buagets which can be used by farm
operators to aid them in the decision making process involved in deter=-
mining the optimum combination of men and machinery required to maximise
profit when harvesting and storing a given quantity of grass silage.

Procedure

Pertormance data were obtained by observing grass silage harvesting

1

_/> With direct cut material this would require the 8' chovper to travel
continually at 4 MPH in a 11 ton crov of alralta with no aelays tor
turning at headlands etc. To achieve this rate with wilted material
would require ! windrows each round and need 2 mowers and windrowers
to maintain this sun>)ly? For the basis of this computation c/f R.T.
Burdick, A lew Technique of lield “ro» Labor Analysis, Colorado Acri-
cultural Exoeriment Station Technical bulletin 30, June, 1947,
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operations on a samle of Southern Central Michican dairy farms, and
recording the labor and machinery requirements on a "time and motion
study" basis,

Various economic factors were considered. »~ince quality factors
have to be talen into account, relsvant studies trom other agricultural
discinlines were rcviewed,

The data from the surve; and the review ot exist:ne work were then

used to construct tne synthetic cost curves and partial budrets,



CHAPTER II
ECONG-IC CONSIDERATIONS

The main economic considerations are related to the various cost
concepts., Costs of harvesting grass silage are influenced by such factors
as

1) Crop being ensiled - the relative proportion of legumes and grasses
in the mixture, etc,

2) Period of time available for harvesting.

3) Total quantity made or acreage to be covered.

LL) Capacity and performance of the machines,

S) Adaptability of machinery to varying soil and topographical
conditions,

6) Power available.

7) Other use of machinery either for other crops on the farm or for
custom worke.

8) Relationship between labor and machinery costs

9) Quantity of labor available and that needed to be hired,

Fixed Assets

1/

As Bradford and Johnson point out, "cost concepts are difficult

concepts,® Most of the difficulties encountered in pricing inouts in-

volve fixed inputs which usually do not have market prices as separate

T

L. A, Bradford and G, L. Johnson, Farm Management Analysis, John
Wiley and Sons, New York, 1953,

-5
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items, They are fixed and, therefore worth what they will produce in
their present employment., What they are worth in their present employ-
ment depends on a variety of factors including (1) prices received for
products that they are used to produce, (2) the amount and quantity of
variable inputs (working capital) used and (3) production techniques
employed, Ordinarily market conditions do impose upper and lower restric-
tions on variations in the worth of a fixed asset; i.e. it the worth of

a fixed asset becomes sufticiently high, it becomes advantageous to add
more of it in which case it is no longer fixed; conversely if the worth
falls sufficiently low it becomes advantageous to start selling the asset.
The upper limit is often over 50 percent higher than the lower.

One method of pricing fixed assets is to use replacement costs,

Use of replacement costs causes costs to be overestimateds Still another
procedure is to not price fixed assets at all but, instead, to subtract
from gross income all cash expense and call the remainder return to fixed
assets and profits, Great difficulty is egperienced in interpreting the
results of subtracting from this_remainder arbitrary charges for portions
of the fixed assets, This dif'ficulty is avoided by refraining from
making arbitrary charges against incomes for fixed assets., In other words
settle for an estimate of farm earnings as this figure can correctly be
interpreted to represent returns to management, fixed investments and the
operator's labor and can be reached without pricing the fixed assets,

For those instances in which it is felt desirable, fof traditional or
other reasons, to price fixed assets, either (1) estimates of the dollar
productivity of the fixed assets or (2) arbitrarly fixed asset prices
falling between replacement and opportunity cost, can be used.

Many of the problems encountered in the study hinged around this 'fixed






asset! concept. The operator's and regular hired labor &® often 'fixed!'
for the farm as a whole, Ixisting harvesting machinery is oiten 'fixed!
and so to a considerable extent is any given method of harvesting and
storing silage once the operations have cormenccd. This point will be

discussed later in Chapter V,

Cost Concepts

In order to make meaningful cost computations the following infor=-
mation is required, First, the nature ot the production relationship,
for the length of run under consideration, must be known, This implies
that the fixecd inputs are known in quantity as well as by quality or name,
This also implies that the method of production to be employed is known.
The second requirement is that the prices of the variable inputs be known.
This price requirement is necessary in order to meet the third require-
ment, that the variable inputs be combined in least cost combination.
From the pertinent set of least cost combinations, it is possible to com-
pute total variable costs, average variable costs and marginal costs.
Knowledge of fixed factors and their prices (or product prices) make it
possible to compute average fixed costs per unit of output and total
fixed costs for any level of output., Total fixed costs can be added to
total variable costs for the any level of output to arrive at total costs
and average total costs for that level of outout,

Total variable costs (TVC) represent the sum total of exnenditures

on the variable inputs for any level of output, They are short run
costs, The inputs involved are those inputs which are variable in the

length of run under consideration,
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Average variable costs (AVC) are total variable costs divided by

output,

Marginal costs (1C) deal only with variable costs; no fixed costs

enter into marginal costs. Marginal cost is the cost of producing an
additional unit of output at a given level of output. Fixed costs are
not included because they are fixed and hence are neither increased
nor decreased by additional production.

Total fixed costs (TFC) are meaningtul only in the length of run

which fixes the components ot such costs. In a given length of run the
components or inputs making up total fixed costs are committed to the
production of the product under consideration. The services of such
innuts are worth, in their fixed position, exactly what they will pro-
duce.

Average fixed costs (AFC) are total fixed cost divided by output.

Total cost (TC) is the sum of total fixed and total variable costs.

Average total costs (ATC) are total costs divided by output,

Capital Considerations

In deciding the type and quantity of machinery to use, farmers are
influenced by the availability of capital. Thus, one short of capital
may forego otherwise desirable machinery purchases since land and soil
improvements, or livestock investments may be more profitable., The
logical aim of a profit maximising farmer is to allocate capital in such
a way so as to get equal marginal returns from the last dollar spent

on each enterprise on the farm,



Size of Machines

Capital considerations are also involved in determining the opti=-
mum size of a machine., In aadition such factors as total annual use
and capacity within a given time period also haye to be considered.

One general rule in determining size is the value of labor and
other resources saved per unit of comparable output by a larger machine,
should more than ofrset the additional cost involved. In the case of
grass silage, the value of other resources saved may include the in-
creased feeding value made possible by harvesting a larger quantity of
the forage at its optimum stage of productivity in terms of food
nutrients, In figuring costs, alternative opportunitieé have to be
considereds for instance, buying a smaitler machine may free capital
for more profitable investment in fertilizers or livestock.

The size of a machine and hence the amount of investment depends
on the subjective value attached to combating risk and uncertainty,
in the torm of future weather conditions, price tluctuations etc, Time-
liness may also have value, Still further, it is necessary to determine
how much possible future incomes from the investment are worth now, by
considering the life of the investment and alternative income opportuni-
ties; thus, future incomes must be discounted back to tind their present
values, Various interest rates for discounting may be used, depending
on a farmers financial condition, with differing results as to the

advisability of making investments.

Interest Rates
1/

As Heady and Jensen point out the cost of having money tied up in

E. O, Heady and H, Jensen, Farm Management Economics, Prentice - Hall
Inc., New York, 1954
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machinery is ditricult to determine and no answer tits all conditionse.
The best general assessment is that the rate charged should vary with

the amount ot capital available., If the tarmer borrows funds to buy
machinery the actual interest rate which may vary trom around § vercent
up to and approaching 50 percent is the appropriate charce to make, If
he has funas over and above those used in the tarm business the rate
charged should be the rate he could earn on an outsice loan or invest=-
ment. The use ot the market rate ot interest is most applicable to the
farm opverator who is not limited on capital and who does not need to
consider returns on alternative investments in additional fertilizer
apolications, more livestock, builaings or other rarm improvements, Ior
the farmer severely limited on tunds, tne interest rate is the "opportunity
cost" or rate of return his money would yield when used for other invest-
ments on the farm. This rate is particularly asprooriate for machines
which require a high initial investment ana where the service can be
custom hired without loss of yield or quality. Practical aifticulties
arise, however, in cetermining this rate.

In certain instances, high market rates will be applicable to the
farmer limited on funas; tor instance ir a certain piece of equipment,
such as a mower, is inaispensable to his operations, a high market rate
may have to be paid to obtain the necessary tunds. This will apply
particularly during periods ot depression when credit fracilities are

ntight, "

Machinery Ownership Patterns

The most economic organization of men and machinery depends on how the

machinery is owned as costs are conditioned by ownership patterns. There
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are five main patterns:

1) Selt ownership

2) Joint ownership

3) Custom hiring

;) Combination or selt ownership and custom hniring

5) Combination ot seli ownership and custom work oir the rarm.

Various combinations of the above patterns are possible,

Custom Hiring
Some tactors to consider in deciding whether to own or custom hire
machinery are:

1) Is there enough anmual use to justify ownership?
2) Is the service available at the time desirea?
3) %will the delay oi an oneration resuit in quality Losses great-
er than the savings ofrerea by custom service?
Li) ?ride of ownershio or personal aesires.
5) Independence associated with owning the equipment.
6) Availabiiity/or capital required ror owning the equioment,
1
Frick and Weeks state that "in general, a Tarmer can atiord to

G.E. Frick and S.B. Weeks, When to Hire and When to Own Farm Equip-
ment on New England Dairy Farms, New Hampshire Agricultural wmxtension
Service, rxtension Circular 302, July, 1951.

The tollowing rormulas, whicn were werived from the work ot Frick
ana Weeks, can be usea to aetermine tne break-even point, i.e. the
mumber of annual hours of use required to justity ownership ot the
machine, At this point custom hiring charges ana machinery ownership
and operating costs are equal, At tne Break lven Point:

Cost per hour ot custom work = Average total cost per hour for
owning and operating machinery (ATC),

Average total cost (ATC) = Average Variable Cost (AVC) + Average
Fixed Cost (AFC).

1) Total Fixed Cost per year (TFC) = Number of units i.e. Break
Average Fixed Costs per hour (AiC) Zven Point in hours of use,
Thus, if the custom rate = 10 per hour = ATC; AVC = 32 per hour;
and TFC, s ;400 per year; then
Break Even Point: = TFC L0050 hours
hours of use per year ATC = AVC = 10=2 =

2) Break Even Point = Break even point (hours per year)

(acres per year) Pertormance rate (hours per acre)
Thus, it performance rate is 2 hours per acre
Break Even Acreage = 50 = 25 acres per year.
2
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hire when total cost of custom work for a single piece o:f eguinment is
equal in value to the anmial ownership, aircct oneratineg, and labor costs
for using the eguinment" i.e. custom hiring is justi:iied when the cost or
owning ana orerating tie machinery is equal to or creater than the custom
rate,
Sontract Coeration
L/
Weeks and !rick consider that thereare three types ot farmers who

may undertake custom work (a) those who wish to pertorm a sufiicient

1/

~ S. B. Weeks ana G. R. Frick, How to Make ‘oney Doing Custom Work,
New Hampshire Agricultural kxtension service, bxtension Circular
303, July, 1951,

In the case ot (a) in the text the following forrula mav be used:
Break even point = Total Fixed Cosis (T7C) ver vear

(tctal hours of Averaze total Costs (AlC) - Average

use per year on Variable Cost (AVZ) per h.our.

and oft the tarm)

1) Thus, ir tne rate charged to per.orm custom work is ;10 per hour =

ATC3; AVC = ,2 per hour; TFC = 7200 per year then

Break even noint = TSC = 800 = 1J0 hours ver year
ATC-AVC 1u-2

2) If perrormance rate = 1 hour per acre then

Break Even (acrearc)=Break Kven (ho'rs ot use per year)=100= 100 acres per
7 X M !
1 year

3) The price to charge per hour tor custom work can be determined
by the rolliowing tormulac:

Price
(Dollars = Total Fixed Costs (T#) (., per year)
per hour) Total innual icres oi “ork (Acres Per Yezr)+iverace variable Cost
Periormance rate (nours ver acre (AVC)
(4 per hour),

Thus using the above firures in (1) and (2)

Price = 8w (, per year)
(dollars per hour) To0 (acres ver year) + ,2 oner hour = .;10 per hour
L (hour ver acre)







volume of off farm work so that, combined with the work at home, it will
justify ownership of the equipment (b) those who wish to cover all costs
by outside work, thus ignoring work at home in ownership calculations

and (c) those who wish to pertorm a large amount of custom work, as a
source of additional income over and above that required to justify own-
ership of the machinery., However, it undertaking custom work involves
postponing harvesting on the home farm, with the risk of reducing feeding

values, the net result may well be a loss.
Joint Ownership

Joint ownership of machinery may be either through a cooperative
with a definite membership, or by an agreement of two or more.farmers.
In view of the limited period available for many harvesting operations,
it is essential that the order in which the work is to be done be
worked out before the start of the season. This applies particularly
to grass silage operations where the period for high quality production
is limited and it is suggested that only two, or at the most, three

partners be concerned in ownership of forage harvesters, blowers, etc,



CHAPTER III
THE SURVEY

The aim was to obtain data on pertformance rates and labor require-
ments for the newer forage harvesting equipment for grass silage making,
but many operations using older machinery were also observed since it
was suspected that organization of the operation was as important as
capacity of machinery in obtaining high output (such proved to be the
case), The sarple was not random but was roughly stratitied to obtain
representative data f'or harvesting and storing tirst cutting alfalfa brome
mixtures for silage on Southern Central Michigan dairy farms with specitied
herd sizes and employing specified forage harvesters and blowers, OCf the
189 farmers contacted partial data were obtained from 86 and complete
data from 71, Contacts were obtained from the Department ot Agricultural
Economics, from County Extension Agents and, to a considerable extent,
by stopping at farms where operations were either in progress or looked
as if they would be in the near future.l/ No farmer refused to help and
all seemed interested in the subject. Unfortunately, due to the difficulty
of arranging travel schedules and to wet weather, it was not always pos=-
sible to be at the farm during the relatively short period of actual
harvesting operations,

No operations involving green crop loaders and stationary choppers

were observed, This had been a popular method with the smaller herds as

This method also seems to have been used by S, A. Engene "Sampling
Procedures Used In Haymaking", Journal of Farm Economics, Vol. 29,
December, 1947,

«llj=-



’

’o




-15-

1/
previous surveys haa inaicatea., It was assumed that the owners of
such small herds who remain in milk production wiil avail themselves
of custom hiring ot forage harvesters and blowers in the future. Such
was the case for many ot the small herds ovserved. In other instances
such operators had been able to buy secona hanc forare harvesters and
blowers.

The crop being harvestcd was usually first cutting alf'alia or
alfalfa brome mixtures., A few observations were also made on harvesting
and storing oats, sudan grass, corn, and sorghum silage. ( Brief details
of these operations are presented in Anpenaix Table b,)

Most ot the observations were made during the period early June
to early July but, due to the wet season and contlicts witn eorn culti-
vating, many farmers were still harvesting 1irst crop silage in mid July.

By this time, the crop had long passed its optimum value,
Procedure

The pertormance data were obtained by observing the time require=-
ments for the various stages of the operation by means of a stop watch
on a "time and motion" basis. Loads were tollowed through trom cutting
to final blowing or unloading into the silo. In certain instances, the
various stages ot the operation were continually recorded and composite

"runs" synthesized irom the cata,

1/

~ K. Vary, Hay Harvesting }ethods and Sosts, Vichipan Aericultural
Experiment Station, Special Builetin 392, May, 19543 B. Bookhout
and K. Vary, "Farmers Experience with Grass Silage) Michigan
Quarterly Bulletin, Vol, 32, February, 1949.
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An attempt was made to utilize the technique of "work sampling".

Unfortunately, due to the ditticulty of obtaining a vantage point trom

which to view the complete operation, it was only possible to operate

this technique in cases where silage was being made in a tield adjoining

the building. In such cases it provcd very effective, The results ob-

tained were similar to those derived by the "stop watch" procedure.

Description of Farms

Variations in the type of housing, type ot silo and ownership
pattern of the equipment used occurred with variations in herd size,
Horizontal silos occurred mainiy on farms with larger herds, operating
some system of loose housing. The stanchion barn system, more common
with the smaller sized herds, relied more on the conventional upright
silo, some of which dated back to 1920 and prior. The larger uprights
of 300-500 ton capacity were mainly of very recent origin.

Custom hiring and sharing of equipment occurred for the most part
on farms with the smaller sized herds (see Table 1),

Also relatively smaller proportions of the hay acreage tended to

be harvested as chopped material on these farms. The farmers with medium

1/

"Work Sampling" is a procedure tor estimating the proportion of time
spent by individuals or machines in a given category of activity by
means of random observations of simultaneous operations in the process.
Unit time requirements for the various components of a flow process in
material handling can be determined irom such observations with the aid
of physical data on the quantities handled during the observation period,
The provortion of idle time involved at the various stages of the opera-
tion is readily determined by this technique. ¢/fs D.G. Malcolm and L.L,
Sammett, "Work Sampling - (1) Applications (2) Guides to Analysis and
Accuracy Criteria", Giannini Foundation Papers No. 137, and 138,

Journal of Industrial Engineering, Vol, 3 and L, May and June, 195k,
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sized herds, generally owned their forage harvesters, and tend2d to con=-
serve chopped hay, while the larger herd owners tended to bale their dry
hay. Relatively smaller acreages of corn silage were grown on the farms

with large herds (See Table 2),

Performance Rates

It should be borne in mind that the survey was not designed to
compare the performance and capacity of different makes of machines per-
forming under identical conditions but rather to compare the various
systems and combinations of equipment used in forage harvesting. Although
differences in performance rates were observed, these were due in many
cases to the skill, method, and intensitfl/ with which the operation was
conducted rather than to differences in the mechanical efficiency of the
various forage harvesters. It would seem that certain makes and types
of machines are more suitable to certain conditions than others., However,
more testing by ggricultural engineers under farm conditions would be
necessary before definite conclusions could be obtained and recommendations
made,

The performance rates and details of equipment of the operations
studied are given in Tables 3 through 9. The rates are those obtained
with the existing organization, They allow for minor delays but not for

the major breakdowns or weather hold-ups which were particularly important

in the 1957 season. All the data have been adjusted to a hauling distance

Yy

For an analysis of the importance and distinction between these factors,
c/f ME. Brunk and J. C, Thompson, "Maximising Worker Productivity
Through Evaluation Of Its Components - An Hypothysis™ Journal of Farm
Economics, Vol, 33, No. 3, 1951. pp. 381
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of the chopper ana blower, (Tables 7 and 8 show that these differ in most
cases.,) Men and wagons have to be fitted into the system with the ob=-
ject of reducing the breaks and holdups in this tlow to a minimum.

A frequent cause oi deiay was the "plugging"™ ot the blower elevator
pipe, especially with over-wilted material. In the tield, slugging of
the chopper occurred trom "paaly laid" stanas and irom wads of material
in the windrows., Age ol machine was a contributing tactor to delays in

many instances.
Forage Harvesters

Variations in the potential pertformance or the difterent kinds ot
forage harvesters rates ranged irom 7.3 tons per hour with a 4' P.T.O
pick-up model to 15.0 tons per hour with o' of P,T.O. rotary direct-cut
model., The overall average was 12,0 tons per hour for direct-cut and
11.0 tons per hour for wilted material (Table 7). lost ot the models
observed were of the P.T.0. type. The wagons were normally drawn be-
hind the chopper, and power provided by a 3 plow tractor. Some of the
more recent higher capacity models required a L4 plow tractor. The
smaller motor mounted choppers were powered by 2 plow tractors, but this
reduction in the costs for power requirements of the tractor did not
ort'set the adaitional costs arising from the power requirements for the
motor and the higher initial costs of the chooper. Output was no sreater
with the motor mounted machines.,

A major factor atffecting output was the size and shape of the riela,
Considerable differences occurred when the chopper had to frequently run

"empty" in turning at wide headlands etc., Sloping, uneven, surfaces to
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the fields also reduced perrormance rates. It was of'ten necessary
to run the direct cut choppers in one direction onily, wnen the crop
was heavy and beaten down by weather,

Where automatic hitches were provided, these reauced the time
required for changing wagons and, thus, resulted in a greater daily
capacity - an important feature where time is a limiting ilactor,

Many simple home made designs ior hitches seemed as etrective as
some of the more complicated manufactured articles, Where trucxs

. were used, the delay caused by hitching ana unhitcihing was obviated.
The trucks normally ran alongside the chopper altnough in one oper-
ation, using a direct cut rotary type chopper, the truck ran behind
the chopper,

Yield per acre attected pertormance to some extent, The
higher capacity.machines were able to chop a load quicker in a heavier
crop while the smaller machines seemed to do better in an average crop
where the material seemed to come through at a rate at wihich it was
better able to aeal with it.

Grounu speed nad an eriect on capaciuvy anu it was oiten aiisicult
to syncnronise a suitabie gear and ground speed ror the tractor to what

seemed to be the best speed or operation for the chovner,
Hauling

The hauling distance aid not seem to have as much affect on output
as would be imagined. 1Most of the time is inveolved in hitching, unhitch-
ing, positioning around the silo and waiting either at the field or silo,.

Cnce the load is moving - even at the relative slow speeds of tractors -



actual distances, normally encountered on farms, do not aff'ect capacity
of the operation to any great extent. Even rarmers hauling at distances
up to two miles were able to maintain good performance rates. This is
not surprising considering that normally much of this distance may be on
a surfaced road. (A 4OU yard haul across uneven fields may take longer
than a mile haul along surfaced roads.) The correction of the figures to
a hauling distance ot 80 rods did not, therefore, result in any large
differences in output from those actually observed,

A further point in connection with hauling is that no great
differences occur between hauling wagons full and empty. In both cases
surface conditions would seem to be a more limiting factor than weight

of the load in determining speed of hauling,

Size of Load

The size of the load should be such as to keep the whole system in
motion. Thus for short distances it is often far better to use relatively
more wagons and smaller loads, while for longer hauls larger loads and
relatively fewer wagons are of'ten more economical., Dangers arise from
overloading and it was observed, in several instances, that delays due

to wagon breakdowns frequently occurred where large loads were hauled,
Unloading

Eighty percent of the operators used the false-end gate type of
wagon for hauling (Table 10), Most of the winding mechanisms, either
cable or chains, were operated by detachable electric motors, with a

few powered from the motor mounted blowers. In the horizontal silos many



of the chain type were operated by attaching the chains to the tractor
used for packing. The hydraulic operation of the false-end gate, either
from the tractor or from a jeev, = as was observed in one case, - was
most efficient and enabled the load to be either emptied slowly ior feed-
ing into a blower or very rapidly for direct unloading,

Since rate of filling upright silos is conditioned mainly by the
capacity of the blower, the method of unloading is not so important as
with horizontals, (the operator who unloaded entirely by hand was able
to keep the blower working steadily and achieved a rate of output well
up to average). Opinions varied as to whether one or two men are needed
at the blower, When additives, such as sodium meta-bisulfite, are being
used a second man is often useful, This operation, however, can often
be performed by a young boy or by means of some mechanical attachment.,
Generally the man hauling would assist with the unloading, leaving one
man at the silo continuously; he cleans up around the blower when there
are no loads to be handled.

It is important that the hauling units used should be of a
similar type and size. Thus the case of one truck and one wagon did not
lead to a steady flow or high output (Table 6), Similarly, a combina-
tion of two wagons where one was a false-end gate and the other a self
unloading type resulted in idle man power., A man has tobe kept at the silo
to deal with the false-end gate wagon, Thus, when the self unloading
wagon arrives two men stand idly watching it feed into the blower, As
stated above, blower capacity limits performance and rate of emptying with
the self unloader was no higher than with the other wagon. In view of

the high initial cost of such wagons, it is not economical to purchase
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Potential rates oi unloading into horizontals were greater than
with uprights and averazed 30,0 tons per hour for direct-cut and 31.2
tons per hour for wilted material (Table 8). Actual rates, however,
varied with the method of unloading. In the bunker type, difficulties
often arose in hauling wagons up the slope to the ton when tilling
was nearing completion, Cenerally, in such cases, the tractor used
for packing had to assist the hauling tractor. The packing tractor was
also frequently needed when dump trucks were used. uwhen tinped, the
load would often stick, and the truck would be unable to draw forward
on the silo, without assistance from an additional source of power,

One operation was observed where filling of a small trench silo
was undertaken by means of a blower, A more even distribution oi the
material was obtained by this means. The job was custom hired so that
the blower, which was part o. the custom hirer's equipment, would otherwise
have been idle, Normally, investment in a blower specifically tfor this

purpose would not be justified.

Investment Costs

On the farms studied, forage harvesting equipment varied considerably
as regards to age and initial cost. Many farmers had been successtul in
obtaining reasonably efficient choppers and blowers from second hand
sources, In the case of forage wagons many had successfuily adapted une-
loading gear to existing bodies, Initial cost of equipment was consider-
ably affected by trade-in values obtained on existing machinery, Most

of the forage harvesters observed had been purchased within the last two

or three seasons., The average age was 3.8 years and average cost $1795,
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Costs ranged from #300 paid tor a second hand Papec pick up machine
purchased in 1951 to - $3500 for a Case motor mounted direct-cut
machine purchased in 1955. The oldest machine observed in operation
was a 1947 Gehl motor mounted pick-up machine purchased for $2800,
Many farmers were operating 6 foot direct-cut P.T.0. models purchased
within the last few seasons for approximately $3000.

Blowers tended to be oldef than the choovers and many farmers
had changed choppers but retained their existing blower, Average age
was L.l years and average cost $598. Initial cost varied from $100
paid for a second hand International belt driven model purchased in
1950 to $1400 paid for an Allis-Chalmers motor mounted model purchased
in 1956, Several tarmers had invested in the recently introduced P,T.O,
model blowers costing approximately £800.

As mentioned above, many wagons used were adaptations to existing
bodies. Average investment was $39L, with initial costs ranging from
$100 for a wagon which had been in operation = with repairs - since 1930,
to $1200 for the latest mechanically unloading models. All the operators
using dump trucks had obtained them second hand - the cheapest being a
1937 model purchased for $200 in 1950, Costs for the others ranged
around $2000. Naturally, there was also considerable variation in the
age, power and cost of the non-specialized equipment - such as mowers,

rakes, and tractors used in the operation,

Case Studies

The following are brief descriptions of four of the operations

observed. They were not in all cases those operations obtaining the



highest output, but are ones which illustrate certain important features,
They stress the importance of organization, of the existing equipment,
pattern, rather than of high output and capacity ot machinery, Costs

are based on the assumptions used in Chapter 5.
FARM A

This was a 600 acre farm with 100 milking cows in a stanchion barn
system and a further 100 heif'ers and steers in open barns. One hundred
seventy five acres.of first cutting alfalfa and clover mixtures were
used for daily chopping tor dry lot feeding and for silage. About 900
tons of grass silage were put up in L upright silos - one 10' x L5!,
one 12' x L5', one 14' x 60' and a newlv constructed 16' x 65', It is
planned to install a self unloader and aucer feed bunks in this latest
silo for feeding the heifers and steers, I'ive tons of green forage were
chopped daily from June 15 to September 1 for feeding to the dairy cows;
corn was chopped daily up to October 15, About 100 tons of corn silage
wxre made and the second cutting of the 175 acres of alfalfa was baled as
dry hay.

The team consisted of two men, two wagons and three tractors.

One man chooped with a 6-toot direct-cut P,T.0, Fox industrial chopper
purchased in 1954 for #3000, which was coupled to the wagon, and powered
by an 1957 International L50 diesel tractor. The other man operated the
blower, Initially a Case belt driven blower was used but during the season
a Fox P,T.0. model was purchased for $825 and utilized for filling the

l6' x 65!, One of the wagons was a 14' x 7' Gehl P,T.O., mechanical

unloading wagon purchased in 1957 for $1200 and the other a conventional
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14 x 7' false end gmte tyoe purchased in 1953 for 3500 and operated by
means of chains and an electric motor,

When observed, harvesting was taking place on a level, LO acre
field of alfalfa brome mixture, situated 200 yards from the buildings,

The 12' x 45! was being filled by means of the Case blower powered by

a 1950 Cockshutt 4O, The farmer operated the chopper and collected and
delivered loaded wagons to the buildings to within 30 yards of the silo,
Release hitches were employed - consisting merely of a piece oi rope
attached to the pin. The full load was drawn to the blower by the brothen
using a 1950 Oliver 83 tor the purpose, When emptied, "Purina" Bulky-
Less additive was spread on the floor and the wagon drawn away trom the
blower for collection by the chopper operator at the exchange area, When
filling the lo!' x 65' sodium meta-bisulohite was used instead of the
"Purina",

Loads, especially with the Gehl wagon, were large and averaged four
tons, The average time for chopping was 17 minutes which gave a poten-
tial capacity of 1l;.0 tons per hour. Unloading was easier with the Gehl
wagon and average potential rate orf blowing was 17.1 tons per hour,
Average capacity from cutting to filling into the silo was 11l.l tons per
hour with an output of 5.7 tons per man hour, This later was the highest
rate observed and was made possible by the absence of idle time on the
part of either man, When the P.T.O. blower was used, the farmer estimated
its capacity at 30-L0 tons per hour. Since unloading time was thereby
considerably reduced, the man at the blower was able to collect and deliver
wagons to and from the field and so increase output to the full extent

of the chopper, This farmer is well satistied with the results from feeding

grass silace and dry lot feeding and plans to invest in another self unload-



ing wagon next season,

Despite the high investment in machinery, estimated costs per ton
of grass silage were only $1.21, This figure should be reduced next
season when full advantage can be taken ot the increased output possible
with the new blower and additional self unloading wagon., Thus, this
operation may be characterised as a high machinery investment, low labor
cost combination, which with high capacity and large total output results

in low unit costse.
FARM B

This was a 2LO acre farm with 60 milking cows and 50 young stock
in a loose housing setun., Twenty acres of first cutting alfalfa were
ensiled in 1L' x L3' upright for summer teeding, This was later filled
with corn silage for winter feeding. Seventy acres of chopped dry hay
were also harvested, The team consisted of three men (farmer and two
sons), three wagons and three tractors with one man on the chopper one
at the blower and one hauling, Most of the equipment had been purchased
at reduced prices and consisted of a four foot International pick-up
chopper purchased in 1954 for 800, an International belt driven blower
purchased in 1954 for $500 and three homemade false end gate type
wagons adopted from 1930 wagons at a total cost of 3550,

The chopper, which had a wagon attached was powered by a 1954
International Super M and took an average of 18 minutes to chop a 3.5
ton load, - a potential capacity of 11l.6 tons per hour., The man haul=-
ing, using a 1930 International F30 tractor collected the loaded wagon

directly from the chopner, Thus, idle time was reduced to a minimum,
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Hauling distance was 300 yards.

The blower -~ powered by a 1950 International M -~ was in continual
operation since change over of wagons was very rapid. There was always
a full load at the silo by the time the other wagon was emptied, Both
sons then helped to clean up around the blower after towing the empty
wagon from the blower, the full one was drawn in, unhitched and then the
empty one rehitched and hauled to the chopper, Since one man was needed
almost continually to unload into the blower, the system was arranged so
that the twWwo sons alternated the task of hauling with that of unloading.
Potential blower capacity was 21.5 tons per hour, Output from windrow
to silo was 11,2 tons per hour or 3.7 tons per man hour,

Estimated costs per ton for harvesting and storing were $1.10
excluding costs of mowing and rakinge. (The latter would amount to about
$.25 per ton,)

This operation is characterized by a medium labor force and low
investment costs due to wise buying at opportune times. It also obeys
the rule to keep the material in motion and to have no idle time for men

or machines in process, As a result low unit costs are achieved,

FARM C

This was a 200 acre farm with L7 milking cows in a loose housing
system, Eighty-nine acres o! grass and clover mixture are used for
silage which is stored in a 30' x 100' bunker and used for winter feeding,
Daily chopping of green forage for dary lot feeding is also practiced.

Equipment is shared on a 50-50 cost basis with a neighboring farmer

who operates a similar system of tarming and silage making., Four men
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(two trom each tarm) operate two trucks ana two tractors, witn one man
on the chooper, one man packing at the silo and two men hauling with

the trucks. The chopper is a Lunaell P,T.C. IFlaii type moael purchased
in 1957 for $1130 or wnich the frarmer paid one-halr. OCne truck was
purchased in 1950 ror ;1000 and the other in 1947 for :;750. The chopper
was powered by a 1954 Farmail M with a truck tollowing directly behind.
Average time to chop a 3 ton load was ten minutes ana thus potential
capacity is 13 tons per hour. lhen observed, ha.ling distance was about
200 yards. d4dpart irom one period when only one truck was in operation,
(due to a broken transmission on the other) the cnooper was able to keep
in almost constant motion,

Unloading normally only took two minutes, but occasionally the 1939
Farmall H, used for packing, had to assist the truck over the material
in the silo. Average outout of the system trom chopping in the field to
storing in the silo, was 15 tons per hour. This was one of the highest
rates observed, Output per man hour was 3.75 tons and estimated costs per
ton 31.10.

As an indication ot tne typical weather conditions which farmers had
to contend with in the 1957 season, of 17 possible working aays between
June ¢5 and July 15, operations were rained out for the entire day on two
consecutive periods of two days. In the 2 days preceeding the rormer of
these periods, work was only possible tor 1% hours each aav. Thus, in elrect,
harvesting was aelayed for o6 working days. This may help to explain why
this tarmer, and many others, considered that the silape made this year
was not up to usual stancards. It also stresses the need for machinery
to be in a good state of repair where large volumes ot silage have to be

maae, On this farm the truck which caused trequent delays by breakdowns
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may be replaced by next season.

This operation, then, is characterized by high labor, low equipment
costs coupled with high capacity and total output which enables unit
costs to be kept to a very low figure, This is achieveda mainly as a re-
sult of the sharing and pooling otf labor and machinery by neighboring
farmers and illustrates the benefits which result from the use of this

system,

FARM D

This was a small, one-man tarm of 130 acres with 13 dairy cows in
a stanchion barn., Eight acres of altalfa timothy were cut for silage
and stored in 10' x 35' upright silo, Thirty-two acres of dry hay were
baled, No corn silage was made.

Forage harvesting was a one man operation consisting of the farmer
with one wagon and one tractor., This was used to haul the chopper
and wagon and also power the blower. Egquipment was all owned and consisted
of a L' Allis-Chalmers direct cut chopper purchased in 1956 for %1500, a
Gehl belt driven blower purchased in 1954 for $300, and a falsc end gate
wagon and electric motor purchased in 1954 for $200. The hay baler, also
owned, was an International, purchased for 2300 in 1955,

The chopper was powered by a 1954 International Farmall M, The
average time to chop a 3 ton load was 24 minutes and thus, potential
capacity was 7.5 tons per hour. The 8 acre field was adjoining the build-
ings and the chopper and wagon were both hauled to the silo., After draw-
ing the wagon into position at the blower the tractor had then to be

connected up as a source of power for the blower. The reverse process



had to be performed when emptying was complete. All this took 12 minutes
on the average. Blowing time averaged 1, minutes i.e. a potential

capacity of 12.8 tons per hour. Thus, the whole operation took 60 minutes,
and resulted in an output ot 3 tons per hour which was the lowest figure
observed, However, in terms or output per man hour the figure of 3 tons
per man hour was well up to average. Unit costs for the 50 tons were $6.9L
per ton of which 0,20 were fixed costs t'or equipment,

Thus, this operation, althoush it may not be typical of all small
scale operators, is characteristic of the high fixed costs which occur
when only small tonnages are harvested., It would be considerably more
economical for this farmer to custom hire the operation., Most custom
operators have a minimum charge tor filling these small 10' x 35' uprights
and a typical rate charged by an efficient operator was $50 for the silo
or $1,00 per ton., This included chopper, blower, 2 wagons and 2 men.

The operation would be completed in half a day., Thus, the subjective
value which the farmer placed on independence was certainly high. Since
the "opportunity cost" of the machinery investment was probably very high,
the results seem all the more uneconomical, They stress the need for the

use of custom operators' services among small scale operators.



CHAPTER IV
REVISW O HulEVART STUDIvS BY OTHeR uIsCIPLINS

The performance data presented in the previous chapter are only
part or the inrormation - or "messagesﬁi/- required by a tarm operator
in determining the optimum practices to employ to maximise profits when
harvesting and storing grass silage,

Many other agricultural disciplines have been concerned with the
various chemical, biological and mechanical aspects involvea in the
process oif ensilage, and it is aesirable, thereiore, to briefly review
some of the more important contributions made by these physical scientists,
Use will be made otf tlese data, in conjunction with that presented in
Chapter 3, to aevelop the synthetic cost data and partial budgets to
be presented in Chapter 5.

Characteristics ana Chemical
Composition ot Grass Silage

Although ensilage tends to be regarded as one of the developments
of modern agriculture, the process has been known since early Egyptian
ana Roman times, Developments occurred in Furope in the 17th and 18tn
centuries and by the end or the 19th century, the practice had become

well established in the USA., Almost any vegetable material can be ensiled,

1/

For a presentation of a concept ot the relationship between human be-
havior and the managerial process, and oi the importance that information
or "messages", from various sources, plays in the decision making process
c/f K. Boulding, The Image, The University ot Michigan Press, Ann Arbor,
1956,
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The more common green forages used are corn, sor’hum, small grains =
especially oats, sudan grass, alfalfa and various legume grass mixtures,
Corn silage has been the most popular in the USA with grass/clover
mixtures more common in Europg A great deal of research work has been
undertaken into the various aspects o: the process, with various crops,
and the literature on the subject is vast and impressive - even though
much of it is inconclusive,

This section is concerned with the work undertaken with alfalta =
grass silage,

The process of ensiling in its essential involves the storing of
forage with the expulsion of air through pressures developed either by
the mass of the material or by mechanical packing. This is folliowed by
a series of reactions involving normal plant cell respiration which
utilizes oxygen and in turn is succeeded by reactions caused by anaerobic
bacteria, The type of bacterial action depends to a large extent on the
type of material ensiled, The desirable type of action is that which
results in the rapid formation of lactic and acetic acids from fermenta-
tion ot carbohydrates, When an acidity of Ph 3.5 to 4.0 is reached the
action of the putrefactive bacteria giving rise to butyric acid is
checked., When all the oxygen entrapped with the air has been converted
to carbon dioxide and water, anaerobic organisms continue the functions
originated by the aerobic yeasts and molds. It is essential, therefore,
to exclude as much air as possible, by eftficient compaction, to reduce
the activity of the yeasts and molds. Failure to effectively do this
accounts for the wide differences that occur in nutritive losses between

different storage systems and within different storage systems between
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different farms,

Much of the earlier empirical work was concerned with yields and
nutritive values of silage as ted and only more recently has attention
been given to changes and losses in feeding value which occur during
processing and storage. }Many reviews ot fhe literature have been/pre-

i P
sented and those by Huffmaﬂf/ Bender and Brosshardﬁg/ and Watsod:
give good accounts of the work undertaken prior to 1939. (A table pre-

pared by the latter summarizing nutrient losses as revorted in various

studies up to 1939 appears in the Appendix. Table 2,)
Comparative Feeding Values

Much of the work has been concerned with comparisons of losses
between varying harvesting methods. The most comprehensive of such
vorks was undertaken at Beltsville where preserving alfalta as (1) field
cured hay, (2) barn dried hay, (3) wilted silage and (L) dehydrated hay,
all harvested at the same period, were compared in relation to labor and
equipment requirements, yields, losses of dry matter and various nutrient

and vitamin contents. The results of five years work are reported by

1/
T  C. F, Huffman, "Roughage Quality and Quantity in Dairy Rations -
A Review," Journal of Dairy Science, Vol. 22, November, 1939,

2/
~ C. B. Bender and D, XK. Brosshardt, "Grass Silage = A critical re-
view of the Literature," Journal of Dairy Science, Vol 22, August

1939,

S. J. Watson and A, M. Smith, Grassland and Grassland Products
Arnold, London, 1950
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L/ 2/
Shepherd et. al. A table derived by Hoglund  from this work anpears
in Appendix, Table 3. It was found that wilted silage was leafiest,
highest in protein, carotene, and total nutrients and lowest in crude
fibre, Considering all operations, total equipment hours were the same
for all methods.

It must be borne in mind that many of the difterences in feeding
value which occur with torages harvested by different methods are partly
due to differences in the stage of maturity, and hence quality ot the
crop as harvested. Lutz and Walcott in studies in the Upper Peninsula of
Michigan, an area subject to wet weather at harvest, reported 2> percent
more (L percent F.C.'M.) milk produced from silage than from field cured
hay and 12 percent more than from barn dried hay, when the forages were
harvested at different stages of maturity. The Beltsville workers con-
cluded that there was a definite relationship between length ot time the
cut forage is left in the field (subject to weather) and the loss of dry
matter and feed constituents. "Hence using a harvesting method (such as
silage making) which shortens the field curing process provides an
effective means of increasing yield, leatiness, carotene content and
quality.”

The importance of the stage of maturity as affecting quality of

1/ '
~  Shepherd et. al., Experiments in Harvesting and Preserving Alfalfa for

Dairy Cattle Feed, USDA. Technical Bulletin 1079, February, 1954.

C. R. Hoglund, The Economics of Alternative Forage Systems, Department
of Agricultural Economics, A. E. No, 674, Michigan State University,
April, 1957.

W. B, Lutz and A. R. Wolcott, "Seasonal Adaptation of Three Methods of
Curing and Storing Grass and Legume Forage as Requested in the Milk Pro-
duction of Dairy Cows)' Michigan Agricultural Experiment Station Quarterly

Bulletin, No. 32, November, 1949,
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forage harvested has becen stressed by many writers; Hoglund et.al.l/
concern themselves with this point in relation to all forages. Logadg/
found little dift'erence in chemical analysis and digestibility or two
alfalfa silages harvested at bud and full bloom stage and concluded that
the significantly greater milk yield, which resulted from feeding the

former, must have been due to the higher TDN and protein content of the

silage.
TLosses in Feeding Value

The losses of nutrients with grass siiage vary depending on the
method of harvesting and storing. Losses may occur from (1) too
spoilage -~ this will be greater in horizontal silos, (2) seepage
losses == these will be directly proportional to the moisture content
and pressure developed and, hence, greatest with upright silos using
direct cut, (3) fermentation losses., Monroéé/ has estimated dry matter
losses as 3 to 6 percent from top spoilage, 1 percent from seepage -

where the original contains less than 70 percent moisture, and 5 to 10

percent from fermentation., Turk, et. al., in a 5 year trial recorded

i/

C. R. Hoglund, et. al. "Forage Quality and Protein Feeding of Dairy
Cows," Michigan Agricultural Experiment Station, Quarterly Bulletin,
Vol. 38, February, 1950,

2/

= V. S. Logan, "uffect on Milk Production of Legume Silage Harvested
in Bud Stage versus Full Bloom Stage of Maturity of Altralfa,"
Journal Dairy Science, Vol, 37, March, 195L.

3
C. F., Monroe, et, al., "Losses of Nutrients in Hay and Meadow Crop
Silage During Storage," Journal of Dairy Science, Vol, 29, April 1946,

L/

~ Ko L. Turk, et. al., Eftect of Curing lethods Upon the Feeding Value
of Hay, Cornell Agricultural Experiment Station Bulletin 874, August,
1551,
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actual losses of dry matter with wilted silaze as 5.0 percent from top
spoilage and 30.7 percent trom all causes in 1947 and Li.L trom top and
33.L percent from all causes in 1948, They cstimated that with a good
silo losses would only have been 21.6 percent and 20,1 percent in the
two years, }/

According to McCalmont losses of dry matter in bunker silos
usually range from 15 to 30 percent compared to 10 to 20 percent in
upright silos.

2/

Watson reports losses of dry matter of 15.9 percent for ordinary
silage and 12.2 percent for molassed or aciditied. His figures for
composition and digestibility of protein by different storage methods
are given in Appendix Table L. From this it can be seen that less
losses occur with upright silos than with trench and stack silos ==
these figures are for unchooped material.‘ Hoglundé/ refers to dry matter
losses, as reported by Shepherd, of 12 percent in conventional tower
silos, 8 percent in gas tight tower silos, 21 percent in trench silos and
33 percent in stack silos, all at 70 percent moisture. Losses from tower
silos were about double these levels at 85 percent moisture,

Much of the dry matter losses in the field occurs, because of diffi-

culties in keeping wagons and field choppers correctly synchronised to

avoid "blowing" of material when turning at headloads etc,

Jo Re McCalmont, Bunker Silos, USDA, Agricultural Information
Bulletin No. 149, February, 1956

S. Je. Watson, op. cit.

C. R, Hoglund, op. cit,
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Moisture Content

L/

Archibald et. al. consiuer that a good estimate of the cuality
ol grass silage can be obtained by aetermining water content ana Ph
value, This point or moisture evaluation and control is siressed by
all writers., Shepherd et. al.g/ state that moisture content or the
crop at time o1 ensiling is the most important factor in determining
character of silage fermntation, the extent and character ot losses
through seepage and ferrentation and quality ot silage produced.
Moisture content should be from 65 to TV percent tor wilted and will
be 60 percent and above for direct-cut material, Good drainage is
essential with all types of silo, since grass silage exerts more pres-

sure than corn silage and a crop ensiled at 75 percent moisture in a

14" x LO' upright may exude 1€00 gallons of liquid through seepage.

Wilting Versus Direct-Cut Material

The practice ot wilting has long been advocated by authorities
3/
in the USA. Wooaward and Shepherd reporting on trials at Beltsville
stated that a reduction in moisture content improves the quality of

silage as judged by odor and dry matter consumed without increasing

losses of dry matter or protein., Wilting increases loss of carotene in

Jo Go Archibald, et. al., "Further Cbservations on Composition of
Grass Silage,"™ Journal Dairy Science, Vol 37, November 195,

Jo. Be Sheperd, et. al., "Ensiling Hay and Pasture Crops, "Grassland,
USDA. Year Book of Agriculture, 1943,

T. E. Woodward and J. B. Sheperd, "A Statistical Study of the In-

fluence of Moisture and Acidity on the Palatability and Fermentation

Losses of Ensiled Hay Crops,"™ Journal of Dairy Science, Vol, 25,
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the field, It was found that low moisture silage did not keep as well
when exposed to the air as high moisture silages. and, therefore, should
be fed out more rapidly when the silo is opened. Greater lateral
pressure was exerted by the high moisture silage. No aaditives were
necessary with the wilted material and no differences in acidity were
found between the high and low moisture silage., !Murdoch et. al.i/
reported‘that over heating occurred with wilted material owing to

greater diftriculties involved in excluding air,

Chopped and Unchooped Material

2/
Gordon, et. ale. Treported trials at Beltsville showing that

harvesting, silo filling and feeding of unchorped material was more
tedious than chooped material, Total losses of dry matter were 28.0
percent for unchopped and 31.0 percent for chopped material, More

air tra ped in unchopped material was associated with higher Ph, butyric
acid and ammoniacal nitrogen values and lower lactic acid values, The
cows consumed more silage and dry matter, gained more live weight and
produced significantly more milk when fed chopped silage. Results of

trials by Murdoch et. als confirmed the view that chooping or lacerating

i/

Je Murdoch,et. al. "Ensiling of Lucerne with Addition of Formic and
Glycolic Acids, Molasses and Barley Meal and with Wilting," Journal
of British Grassland Society, Vol. 10U, No. 2, 1955.

2/
~ C. H. Gordon, et. al., "Comparison of Chopped and Unchopped Silage
Stored in Bunker Silos," Abstract paper to 51 AGM, Journal of Dairy
/ Science, Vol. 39, June, 1956, .
2

Jo. Murdoch, et. al., "Effect of Chopping Lacerating and Wilting of
Herbage on the Chemical Composition of Silage,"™ and "Ensiling of
Lucerene with Addition of Formic and Glycolic Acids, Molasses and Bar-
ley lMeal and with Wilting," _Journal ot British Grassland Society, Vol.
10, No. 2, 19550
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improves the quality of silage and also that losses ot nutrients are
lower with wilted material, Murdocﬁl/ makes the polnt that the decrease
in moisture content reduces the weight ot material to be hauled, but as
wilted material does not pack as well as more moist material it is un=-
likely that there will be a reduction in the number of loads to be
hauled; up to a certain point, however, ¢5 to 70 percent moisture ma=-
terial packs very well. In a wet harvesting season, such as the recent
one in Michigan, the actual weight of dry matter per load must have
been very small in many cases.

Wilting would seem to be advisable, therefore, but advocates for
the direct-cut method point out that the latter saves time, labor and
the money involved in mowing, raking or windrowing.

A survey which seems to support direct-cut methods was conducted
by Allis-Chalmers and reported on by Whisler and Frushouf%/ The authors
conclude from the results observed on tarms over a 10 year period (1542-
1952) that "the simplest, most economical, most fooloroof, way to make
good grass silage under farm conditions appear to be to cut the crop
direct and ensile without additives.™ They contend that more spoilage
occurs through silage being too dry under the wilting method than being
too wet, under the direct cut me%hod, -=- provided free drainage is

available, The point is also made that there is less danger of picking

up stones, pieces of metal and other foreign objects with the direct cut

Y
Je Ce Murdoch, "Recent Developments in Silage Making in Britain,"
Journal of Agricultural Engineering research, Vol., 2, No. 2, 1957.

2/
P. A. Whisler and G. V. Frushour, "tngineers Advance Art of Making
Grass Silage," Agricultural Ingineering, Vol. 3L, May, 1953
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method, These findings in favor ot direct cut material are in con-
trast to much ot the experimental work, and the authors admit that
such conditions may not apply to all tarms. (The present writer would
readily agree with this latter statement.,)

In comparison between direct cut ana wilted silage, it is impor-
tant to bear in mind that additional initial storage space will be
required by the direct cut method in order to store a given quantity
of dry matter. This may not be so important with horizontal silos but
can be very important where storage capacity is limited, as may occur
with upright silos on farms with smaller sized herds,

This latter factor is particularly important where custom hiring
is being used. The operator using his own equipment is able to rerill
when the silo has settled, and make maximum use of the storage facilities
available, The custom operator, on the other hand, fills as quickly as
possible and then moves on. Refilling is not possible with this system
and hence greater initial storage capacity has to be provided. The cost
of this has to be taken into account when considering any possible re=-

ductions in costs which the custom hiring system alilows,.

Additives

Considerablie differences of opinion exist among research workers
and farmers as to the advisability of using additives and as to the most
suitable one to use, There seems fairly general agreement among the
writers that if the material is wilted to a moisture content ot 65 to 70
percent then it can be "put up" without preservatives. In Zurope where

most silage is mace from unchopped material, mineral acias (AIV) and
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molasses have been nonular., Here in the A, phnosnhoric acld was used
at one veriod. However, much material is now ensilea without adaitives.

L/

Gordon, et. al. reported a series oi' experi=ments to dotermine the/

2
etfect on rrass silape of using (1) corn mcal (2) beet pulo (3) kylare
(L) recirculation seena-e, as additives. The rirst tuo imoroved the quality
but consumption ot dry matter was less, tne 'kylage' maae no iwrovement and
recirculation was impracticable because there was only slight irprovement
in silare quality anda the necessary equipment was costly., Thev concluded
that certain benet'its would occur from tneir use witn poor quality silace
but with excellent cuality the limited imorovement would not be economi-
cally Jjustifiable,

Reaves and Brubakefg/ in experiments in Virginia testea the tollowing
adaitives for use with chopped altalfa with over 3U percent moisture: -
none, molasses, corn and cob meal, brewers aried grains, beet pulp sulohur
dioxice and wilting,

The percentare moisture atter o7 da;'s (in order) was 79.2, 77.3,

T6e1y, The9, 7565, TBe2, 02.5.

The secpage in pounas and the percentage oif ary matter in the seepace
was 12.7, 7.03 lo.h, 10.0;5 047, 11.935 Udli, Lhel; UsU, UJU5 3¢eC, T7.73
V.0, U,C; thus, beet pulp and wilting seem to be ettective ways to reauce
seepage losses,

Opinions as to ettectiveness of the more recently introauceca soaium

C. H. Goracn, et. al., "Some uxperiments in Preservation ot ich “ois=
ture Hay Croo Silage," Journal ot Dairy Science, Vol. LO, July, 1957,

'Kylage! is a patented preservative, mainly soaium nitrite and calcium
tormate in dry powaer rorm.

o
~

P, d. Reaves and R. E. Rrubaker, "-:itfect ol Various rescrvatives on
Seepage from iigh Yoisture Silar~e," .ibstract or naver to 5L 477,
Journal of vairy science, Vol. 39, June, 1l/b6.




~

~
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meta-bisultite difter considerably.

Noller and Lindquisﬁl/ report that "silages made with chemical or
feed adaitives are usually more readily consumed than those made without
a preservative." This is primarily due to the type of fermentation and
its attect on the palatability of the silage."

They admit that reports on the palatability of bisulfite-treated
silages vary, although it is inaicated that these silag=s not only re=-
tain more ot the nutrients in the original grass than silages made with-
out preservatives but that it conserves tne more digestiole fraction of
the forage., Data trom a Purdue experiment indicate that consumption of
dry matter and milk production were essentially equal when cows were ted
a total ration ol grass silage preserved with corn, molasses or bisulfite,

Murdocﬁg/ reports trials in Britain which show that bisulfite can
produce good quality silage with direct cut material but no better results
than by wilting or using molasses. Jones, et, al.é/ in tests in Cregon
reported no significant differences in nutritive value between bisulrite
and dried molasses beet pulp as a preservative for high moisture alfalta

and grass silage. Whisler reports that farmers "who compared non

7

C. He Noller and M, S, Lindquist, "Feeding Value of Silages for Dairy
Cattle)! Symposium on Silage, Purdue University Extension Conference
papers, Mimeo 1D-17, April, 1957,

2/
= J. C, Murdoch, "Recent Developments in Silage Making In Britain,"
Journal of Agricultural Engineering Research, Vol. 2, No. 2, 1957.

I. R. Jones, et, al., "Effects of Using Bisulfite and Dried

Molasses Beet Pulp as Preservative for High Moisture Silage,"
Abstract of paper to 51 AGM, Journal of Dairy Science, Vol 39,
June, 19560

P. A, Whisler, Private Commnication dated September 2L, 1957,
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treated with mbisulfite' treated admit little or no ditterence in feeding
value but feel that the extra cost ot the adaitive is warranted merely
to eliminate the odor which non-treated imparts to clothing and barns."

There was little arreement among the farmers in the present survey
as to the eftectiveness of bisulfite but most considered it was worth
something to reduce the odor and most continued to use it once they had
started.

Use ot Plastic Covers

Considerable interest has recently been aroused by the use of
plastic material either as a covering for horizontal or upright silos
or to enclose stack silos. These latter may be used either as terporary
or permanent measures.

Larrabee and Spraguél/ reported satistactory results with this
material when used in a series of experiments with "snow fence® surrace
silos. Air was effectively excluded and when opened good quality silage
acceptable to stock was produced. Damage by punctures is proportional
to the size of the opening. Any "flapping" from wind acts as a pump
action to force air into the container. It would seem from the above,
and the writer'!'s observations, that such stacks should be fed out as
soon as possible, once opened, as surface spoilage seems very high and
rapid. The method would be appropriate for small stacks as an emer=-

gency measure but not as a regular system for silage storage. Several

farmers in the survey reported satisfactory results when using plastic

Y
W. S. Larrabee and M. H. Sprague, "Preservation of Forage Nutrients
in Silage in Gas Tight Enclosures of Polyvinyl Chloride Plastic,"
Journal of Dairy Science, Vol. LO, July, 1957,




as covers tror bunkers. Clear piastic is not suitable ana a uark color
must be used. Two fraaes are available, a tninner "one use" tyne ana a
thicker type suitable ifor several occasions - care will be necessary
in storing this latter to avoia tears etc. (A 20U' x 100' x & mm. wiil
cost about JEU.)
i/
Cordon ana McCalmont  reported somewhat similar 1inaings to the

above from three years work with plastic seals at Beltsville, and

stressed the need to avoid even minute leaks of air into the stacks.
TFeedin«~ Systen Wastares

Losses of feeaing value due to wastare and snmoilare depend unon the
2/
method ot feeaing, Foreman, et. al. 1in studies at Iowa reported the
tollowing results trom trials on soilage versus silage, and self teed

versus bulk teed,

Mean daily milk yield (1lbs)

Soilage Lt o5
Silaze L1.3
Sel:i I'eed 30.2
Bunk Yeed 3L.9

3/

Wastages occur with self feeaing systems., Walker - Love

C. He Goraon and J. Re Mclalmont, "Improvement or Forage Preser=-
vation in Bunkers and btacks throuch the use of' Terporary Seals,"
Abstrac# of paper to >¢ AGM, Journal of Jeiry Science, Vol. LU,
June, 1957

C. F, roreman, et. al. "Comparison or soilage (chopped tresn altalta)
and altalia silage for lactating cows," Abstract paper presentea to
52 AGM, Journal of Dairy Science, Vol, LU, June, 1957,

Jo Valker-Love, Cbservations on Self Feeding Rouchare to Dairy Cows
in Loose Housing, Unpublisnea i, 5. Thesis, wvepartment oi dairy
Science, 1ldchigan State University, 1954,
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in a Michigan study with a self teed bunker system estimated that only
52.4 percent of the quantity ensiled could be accounted for as actually

fed.
Summary on Feeding Value Losses and Wastages

The above is merely a brief review of the voluminous writings on the
subject of nutrient losses and teeding values of grass silage. It
should be sufticient, however, to show that much of the work is inconclu-
sive with the basic questions of the best harvesting and storage methods
to employ to oroduce high quality silage, under varying farm conditions,
still unanswered. In general, losses of nutrients in the harvesting and
storing process are greater with direct cut material and horizontal silos
and wastages greater with self feed systems. Little difterences in the
reduction of nutrient losses occur from the use of the various additives.
Sodium meta bisulfite does seem to have a beneficial efrfect -- if only
to remove the offensive odor of grass silage. Care is needed when using
plastic covers as silo seals,

It should also be remembered that many oi the findings are based on
work with glass-jar laboratory type silos or outdoor silos considerably
smaller than the large uprights and horizontals which, will be needed in
the larger herds of the future., In these pressures and chemical reactions
may be considerably different from those encountered under laboratory and

experimental farm conditions,

Forage Harvesting Machinery

There are various makes, types, and sizes of forage harvesters, blowers
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and wagons each having its own merits and capacity unaer given conditions,
Each manutacturer is striving constantly to make his machine turn

out either mae product per unit of input or a better quality product. In

consequence there may be very Little dit'ference in efficiences between

different makes ot machines, - or, if there are, those who buy them do

not know it and generalily believe that they are buying the most efficient

machine.
Forage Harvesters

Essentially the forage harvester either picks up green forage from
the windrow or cuts it direct, chops it by means ot some cutting or
lacerating mechanism and elevates it by means of a blower directly into
a wagon or truck running behind or alongside the chooper. These then
empty the chopoed material either directly into the horizontal type silage
or by means of a blower or elevator into uoright silos,

According to De Longl/ the tirst field ensilage harvester was intro-
duced in 1913. This early model was horse drawn and obtained its power
from the ground wheels, Models with improved sources of power were
developed later and various combinations of PTO and motor mounted tractor
drawn harvesters are now in operation, There is also a self provelled
model on the market., Most of the early models were designed to harvest
corn silage. When originally used for grass silage, the crop was first

wilted and then chopped from the winarows. During recent years direct

cut machines have been introduced and are popular with many farmers,

i/
H, H. Delong, Field Ensilage Harvester Operation and Costs, South
Dakota Agricultural Experiment Station, Circular 90, September, 1951,
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The forage harvesters has rew unique mechanical aevelopments, the
machine being a combination of the gathering points, gathering chains,
and sickle of the corn binder together with the cutting mechanism of
the standard silo filler,

The basic principle of the cutting mechanism of the forage harvester
has changed 1little since early days. The two conventionali types are
(1) the "flywheel" type with knives parallel to the plane of rotation
(2) the rotary cylinder or "lawn mower type" with the knives cutting edge
perpenaicular to the plane of rotation. More recently, a further tyve
(3) which lacerates, instead oif cutting, the forage has been introduced.
This operates on a rotary principle with a series of beaters or knives
and is an outgrowth. ot a type ot stalk shedaer. A type (L) developea
recently in England (some of which are in operation in the UbA.) also
lacerates the material by means ot cutter knives attached to a plate
revblving in a horizontal plane.

A feature of most choppers is that they can be used tor chopping,
(1) grass, corn, sorghum, oats ana other smail grains ifor silage;

(2) dry hay, and (3) straw and corn staiks and cobs ror bedding., ‘Luis
multi-use is made possible by tne use or tniee uetachable "heads"
("Corn," "rick up keel" and "Direct Cut") which can be purchased sep-
arately; this lowers the unit costs to be borne by any single crop, or
use, since the main "body" of the machine is the largest item oi invest-
ment costs.

Although forage harvesters are initially relatively expensive they
do replace much of the arduous labor involved with the olaer methoas of

silage making, unfortunately still practiced in many parts of the world,
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besides replacing such previously neeaed machines as green crop loacers,
1/

ensilare cutters, corn binuers, etc. As Cunningnan ana Fire  remark

"Probably no otaer major machine introduced into aairy rarming auring

recent years has resultcd in such a largc saving in labor as has the field

2/

chopoer," This noint has also been siressea oy Duriee, Laviason, ete.

3/ L/
ale, Whnisler and many others. However, ir the labor saved cannot be
used to aavantare somewnere else on tae rarm or marketea then it should
be ignored in any analysis of the costs ana savings resulting irom the
use of forage harvesters.

The rotary flail tyoe chonvers are the least expensive but tend to
be more limitea in their use. Aitnoush "Corn Hoads" have been developed
for use with these latter models they ao not sesm to be so successful
tor corn silare as those used with tne non-rotary mocels.

''he greater capacity and output, witnin a given vneriod attainable
with a forare harvester does enaoble more grass ana legumes to be
harvested at the correct stage or growth to obtain the maximum nutrient
content.

By harvesting quickly and early, the second cut is given a longer
crowing period and tnus the total supply oi nutrients prouucea per acre

in a season is greater than it would otherwise be.

L. C. Cunningham and L, 5. Iite, op. cits

F. W, Duitee, "New Dcvelonments in rorage Harvesting," Arricultural
knoineering, Vol. 24, June, 1943,

Jo. B. Davidson, et. al., "Labor Duty in Harvesting ot linsilage,"
Apricultural incineerinr, Vol, 24, September, 1943.

P. Whisler, "The Fiela rorage Harvester" Acricultural incineerinc,
Vol., 29, November, 1947,
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Power Requirements

Power requirements tor forage harvesters vary with type and size,
L/

Blevins ana Hansen point out that each time the forage undergoes a

change in direction a certain amount of power is requirca to oroduce the
change., Power is required (1) by the feed mechanism, (2) to cut the
torage, (3) to accelerate forage, (L) to move air, (5) to overcome the
friction of forage against stationary parts of machine (€) to overcome
mechanical friction of moving parts. They concluded from a study of
these components that the power required to chop forage depends primarily
upon the tyoe of forage and rate of chonping and, therefore, cannot be
altered by the designer to any great extent. They consider that the
ideal design for a forage harvester would be one in which the material
is cut and aischarged instantly from the cutting unit allowing no time
for trictional drag or excessive velocity increases.

This ideal is met to some extent by some of the rotary flail type
choppers where the design eliminates much of the friction against the
fan and cutting housing which occurs with conventional models. Bockhop
and Barnesg/ consider this type has a higher capacity than the conventional
harvester because of its relatively simple design. In analysiné the power

Tequirements for this type or machine they concluded that it can be powered

by 2 or 3 plow tractors at a relatively low capacity but that to maintain

I
F, S. Blevins and J, Hansen, "Analysis Forage Harvester Design"
> Agricultural Engineering, Vol 37, January, 1956,

C. W. Bockhop and K. K. Barnes, "Power Distribution and Requirements
of a Flail type Forage Harvester," Agricultural Engineering, Vol.

37, July, 195b.
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a high capacity a 3 or L plow tractor wiil be required. A 4 plow
tractor is essential for some or tne more recently introauced higher
capacity conventional moaels.

Some doubts have arisen with the use o1 the flail type models
because of dirterences between laceratec and chomped material, Cowan,
Barnes and Alledl/ conducted tfield and lanoratory experiments witn the
two types of silage to determine what, if any, were the main diftferences.
In a trench silo, a 2-year stuay showed no difference between the silage
in carotene, crude protein, dry matter and rh., In the laboratory study
shredded was tfound to have a lower Ph, higner carotene and higher level
of acetic and butyric acids than chooped. However, because of the
ditferences in compaction which occur in tne laboratory ana the tield
silos these diiferences, which woula seem to ravor shredding, were

masked, and thus little differences due to machine treatment could be

found in the 1ield scale silo.
Hauling Units

Relatively little research work has been undertaken into the various
methods of unloadinéz wagons or trucks,

Tests by Bayer and co-workers at Iowa, designed to compare the

efficiency of the false endgate and canvas apron, showed there was little

1/
~ A. M. Cowan, K. K. Barnes and R. S.Allen, "An Evaluation ot Shredded
Legume-Grass Silage," Acricultural Engineering, Vol. 30, Aupgust, 1957.

2/
= E. J. Bayer, "Results of Tests on Mechanical Loading Devices for
Chopped Forages," Agricultural Engineering, Vol 30, May, 19L9,.
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difference in power requirements or periormance with the two methoas,
Turther tests with 10 different combinations of unloading equipment and
wagons showed no significant difrerences in unloading times or capacity
with any of the combinations., Rate of unloading is controlled by the

capacity of the blower rather than the method of unloading,.
Blowers

Blowers may be powered by (1) belt drive, (2) mounted motors, and
more recently (3) tractor PTO's. According to Raney and Liljedalii/ the
power requirements of most currently produced forage blowers are exces-
sive for the useful work done and mechanical efficiences are in the order
of only ten percent, The reason tfor this low eff'iciency is similar to
that with forage harvpsters, namely the friction between forage material
and machine housing,

The feed system tfrom the collecting tray to the fan may be either
auger or belt type. In many cases spilling occurs at the coliecting
plate and improvements in size and design of the collecting tray may be
desirable.

The latest PTO type blowers are capable of very high capacity rates
and tests have indicated rates of filling of up to 36 tons of altalta
silage ver houf%/ Filling of upright silos can also be undertaken by

elevators and these are being used to an increasing extent with the larger

silos.

1/
Je P. Raney and J, B, Liljedall, "Impeller Blade Shape Affects Forage
Blower Performance," Agricultural Engineering, Vol. 38, October, 1957,

2/
T Agricultural Reports, File 20.00, August, 1957.



Previous Studies on Grass Silare Harvesting

Previous studies on forii? harvesting have been undertaken in
Michigan by Bookhout and Vary and many of the findings of the present
survey, as regards methods of harvesting and storing grass silage have
already been reported upon by them., However, as was seen in the last
chapter pertormance rates are now somewhat higher, On the basis of per=-
formance rates and cost data avplicable in 1950 Bookhout estimated that
at least 75 hours annual use were needed to justify the purchase of a
small chopper ($1750) and 125 hours ror a large chopper ($2800),

Surmaries of the performance rates derived trom these, and other
studies, are presented in Appendix Table 1, Observations of silage

2/
operations in Michigan have also been reported on by Fuiler,

B. R. Bookhout and K, Vary, "Ces ts and Methods of Harvesting Grass

- Silage," Michigan Agricultural kxperiment Station Quarterly Bulletin,
Vol, 32, May, 1950. B. R. Bookhout, "Can You Afford a Field
Chopper," Michigan AES. Quarterly Bulletin, Vol, 33, August, 1950,
K. L. Vary and B. R. Bookhout, "rarmers Experience with Grass Silage,"
Michigan ARS, Quarterly Bulletin, Vol. 32, May, 1950, K. L. Vary, "Hay
Harvesting Fethoas and Costs", Michigan Agricultural Experiment Sta-
tion Special Bulletin 392, May, 195k,

E. I. Fuller, op. cite.



CHAFTWR V
PARTTAL BUDGLTS AND SYNTHETIC CCOST DATA

The performance data provided from the survey results in Chapter
3 may be useful to a farmer, but the broader problem facing him is what
combination of forage crops and harvesting machinery will enable him to
maximize profit. This involves cutting forage at the correct state of
maturity, reducing fiela and storage losses to a minimum and at the
same time avoiaing excessive labor and machinery costs., It also involves
producing comoinations o1 crops which yielda large quantity of feed
nutrients per acre,

Because conditions vary itrom farm to rarm, no one forage harvesting
pattern is best tor all situations., Combining of men and machines into
economical patterns is as important as the capacity of the individual
machines,

1/

Several approaches to the problem have been mace in recent studies.
Among these is the construction of partial budgets and cost data for
varying patterns of crop production and harvesting systems, and of various
combinations o1 men and machinery within a given system.

In this chapter, synthetic cost data and partial budgets ior varying

harvesting systems with varying combinations of men and equipment will be

1

& R. G. Kline and W, W. McPherson, An Economic Analysis or Forage
Harvesting Possibilities, Department or Agricultural Econcmics,
North Carolina State Coilege, A. E. Intormation Series No. 55,
February 19573 L. C. Cunningham and L. S. Fife, An Analysis of
Forage Harvesting Patterns on New York Dairy Farms, Cornell
Agricultural Experiment Station Builetin Y17, October, 1955,
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developed.

Limitations to the Approaci

A limitation to this aporoach is its implicit use of a static
theoretical ramework. Static econormics assumes single valued expecta=
tions in a timeless ana changeless enviroment which is not founa in
agricultural nroauction., In this study, tne position and shape ot the
cost curves tor the varying combinations are derived for a given range
o* technologies with no consideration o risk ana uncertainty in the
operations, However, construction o ovtimum organization unaer the
assumntions of static theory, permits some worthwhile comparisons be-
tween alternative systems,

A major weakness in all approaches lies in our imperiect knowledge
or pnysical production functions ana or price relationshins. The stand-
ards o' perrormance, assumed prices and other data presentzd in this
study alleviates this limitation to some extent and makes possible com-
parisons which are not cont'ounded by these two variable elements, They
also permit the testing of the influence oi the particular variable
when other variables are held constant.

A weakness to using stanaard rates of veriormance is that even in
a very large survey,- which the rne undertaken here was not - only a
relatively smail orooortion oi all the possible combinations or men and
equipment and periormance rates are observed. It is also possible that
farmers have not put these resources together in optimum conditions,

Partial buageting orovides a method by which an appro:rimate solu-

tion can be reached when alternatives are limitea to combinations of
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a relatively few important variables and when other variables are held
constant, The location and shape oi the synthetic cost curves for
ditferent farms can be cerived tor only a few types or situations and the
selection of important conditions and variables to be tested is critical

to the usefulness of the analysis in solving manacement problems,
Assurptions

The following assumptions are made in this study; they are based on
(1) typical data from the survey, (2) data from relevant related studieé%/
and (3) discussions with members of the Department ot Agricultural
Economics$

1. Distance of hauling from field to silo averapes 80 rods.

2. Average weight per load for grass silage is 3 tons.

K. Vary, Hay Harvesting = Methods and Costs, Department of Agricul-
tural Economics, Mjchigan Agricultural kxperiment Station Special
Bulletin 392, May 19543 H. G. Kline and W, W. Mcherson, An Economic
Analysis of Forage Harvesting Possibilities, Department oi Agricul-
Economics, North Carolina State Coilege, A. E. Intormation Series No.
55, February 1957; L. C. Cunningham and L., S. Fife, An Analysis of
Forage Harvesting Patterns on New York Dairy Farms, Cornell Agricul-
Experiment Station Bulletin 917, October, 1955; G, E, Frick, S. B,
Weeks and J. F. Fellows, Production Efticiency on New Tngland Dairy
Farms, New Hampshire, Agricultural Experiment Station Bulletin 407,
May, 19543 R. E. Marx and J. W. Birkhead, New Harvesting !‘ethods and

. Costs, U.S.D.A. Circular 868, June 13513 J. Ulvilden and C. H. Benrud
Farm Labor, Power and Machinery Periormance in East Central South
Dakota, Department of Agricultural Economics, South Dakota Agricul-
tural Experiment Station, Circular 131, May, 195¢; H. H. De Long,
Field Ensilage Harvester Operation and Cost, South Dakota Agricultural
Experiment Station, Circular 90, September 1951; E. M. Elwood, Rates
for Custom Work in Michigan 1954 and 1955, Michigan State University,
Cooperative kxtension Folder, I=lol; A.Epp. Cost of Operating
Machinery on Nebraska Farms, DNebraska Agricultural ixperiment Sta-
tion Bulletin 413, September 1952,
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For wilted silage picked up from windrows costs of mowing and
raking or winarowing are not incluacd. An estimated cost tor
mowing and windrowing woulda be 25 cents a ton.

Direct costs = Annual tixed costs oi forase harvestinsg machine
ery, to cover depreciation, intercest, taxes, housing ana repairs

are basea on the following rates on the initial investment:

Forare chonper (conventional) 17.0 vercent
Forare chovper (rotary) 17.0 percent
Blower, Belt, PTC or motor mounted 17.0 percent
War~ons ana unloaaing equiirment 1.0 percent
Trucks 14,0 percent
Uorizht silos 5.0 percent
Horizontal silos 10,0 percent

These tigures are considered averare rates over the lite ot the
machines. They would be too hizsh were the machines 10 years old
but as stated in Jhapter.B, averare are oi chonpers was 3,8 years
and for blowers L.l years. The rates, theretore, would appear to
be anorooriate. Many wagons are adavtations to existing equipment
which may be 1V years old or more. However, since repairs aue to
overloaaing etc, were irequent with tnis type of' equipment, the
rate used is consicered apnropriate f'or operations similar to
those in the survey.
Variable Costs:
Power Costs: 2-3 Plow tractors .;1.00 per hour
L Plow tractors :il.25 per hour

These figures cover aepreciation, interest, taxes, housing revairs,
oils, grease and tuel,

Difticulties arise in pricing tractor hours since during oper-
ations one or more ot tne tractors may be iale at various periods,

e.g. the tractor powering the blower may be switched oir between
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loads, a hauling tractor may be idle during unloading etc, The
above fifures, however, are considered tyvical ror the system
observed.,

Labor Costs: = :1.25 ver hour

This "price" to aptly to all hired labor, a cnarge for the
overator, and any adult ramily labor,

The Wagrley-Johnson estimatél/ or the annual marginal value
proauctivity ot labor on Ingham County aairy farms, on lMiami-
Conover soil in 1952, ot 67 cents per day would not be appropri-
ate for this study, since auring peak perioas oI labor aemand,
the marginal value productivity oi' labor wilil be higher than
ror the year as a wnole, Other reasons for adooting the tigure
ot %1.25 per hour are (1) the casual labor rates are higher at
such peak perioas, (2) that the costs are supposed to reflect
future price conditions rather than historical conaitions. It
seems reasonavle to presume that both the rrice of casual labor
and the marginal value proauctivity or labor may be higher
in the future, Bullefg/ has considered ways in which this
latter possibility may be accomplished.

Total harvesting costs are the combined costs of machinery,
oower and labor costs, Average total costs are total costs
divided by outout (tons) and are the sum ot averave tixed and
averace variable cost., Average totaLr costs per ton are derived

by dividing annual fixed costs by total annual tonnage and

adding to this the averare variable cost per ton -- derived by

2/ E. I. Fuller, op. cit.



=07 =

dividing operating cost per hour for labor and power by the
capacity in tons per hour.

Average Fixed Costs (A4 in .. per ton)=Total Annual i'ixed Cost 3
Total Cutout (tons)

Averare Variable Costs (4VC in @i ver ton)=llachine Orerzing Charpes
Labor Charces \ DT harr)
Cutput per hour (tons per hour)

Synthetic Cost Curves

Synthesized average totai costs scheuules for varying quantities
of output, are presented in Tables 1U and 11, Great care is necessary
in using tnese, as tneir nature aepends on the assumptions ior perior-
mance rates and investments costs, lioditications have to be made beiore
aoplying tnem to any given r'arm conaiton, The particular cost scheuules
presentea here are mainly tor illustrative purnoses,

The periornance rates ana investment costs tor the combinations
of men and machinery given in Table 11 may be considerea tyvical
fioures for meaium, and large sized dairy farms in South-Central Michigan
where grass silage has been maae with tforage harvesters and blowers, for
more than one season. The trigures are based on the survey data presented
in Chapter 3. It is consiaered that the rates used have application to
similar r'arms in otiher areas. The average per.ormance rate for all methods
ot harvesting and storing was 9.1 tons per hour, with a typical size crew

of 3 men, 2 wagons ana 3 tractors.

Limitations oi Cost Curves

A tunaamental weakness ol such schedules ana cost curves, as
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normally presented, is tnat the method used to aetermine average total
costs assumes that the output per hour for the given combination of

labor and power with tne fixed amount and tyve of machinery is constant
over the whole range of total outout. Thus, marrinal and average variable
costs will be constant and equal, Craphically, as in Figure 1, Averarge
Variable Cost (AVC)(l) = Marginal Cost (HC)(l) for any output O0Y, Aver-
age total cost is then given by ATS(7).

However, cquality considzrations have to be taken into account in
conserving grass silage. As indicated in the previous chapter nutrient
content, decreases with aavances in the stage of maturity of forage
crops. This decrease is more rapia with grasses than legumes and hence,
a slightly longer period is available in wnich to harvest the latter,
However, in both cases decreases occur and hence, in terms of the cost
of feed nutrients, rather than ot more bulk oi green material, marginal
costs will not be constant but will tend to increasec; ie, the marginal
cost curve will tend to rise.

A factor causing further increases in marginal cost is that as
total output. with any given syster., increases minor delay from mach-
inery breakdowns etc, tend to increase., This decreass rates below the
constant figure assumed for the cost data., Other decreases may occur
from such reasons.as the difticulties which occur with hauling loads
over horigontal silo when filling is near corpletion etc. Variations
in performance rates also occur within any given period of the total
opérating timegthus rates are often siower at the end of the day, or
early in the day when some dew is still on the forage, or before or

after meal breaks etc,
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Under actual conditions marginai and average variable costs are
not constant and equal; thus, in Figure 1 they may more correctly be
represented as AVC(p) and 1C(y). Average total cost would then be
ATC(Q). If it is assumed. that, in the long run, all the tixed assets
in the system have been correctly priced, ie all earnings correctly
capitalized, then on the basis of the theory or the tirm, as developed
within a static tramework, the marginal value product (IVP) of the
harvesting services procuced by the system will interest the marginal
cost curve at the point Py, where the marginal ana average total costs
are equal, This is also at the lowest point on the average total
cost curve and is the long run equilibrium level of output ror the
system, ie,it is the maximum profit point on the production function
and the outvut OQp is, thus, the true "economic capacity" of the system.

The shape of the MVP for forage harvesting systems has not been
determined, ,but in view of the rapid decrease in nutrient content which
occurs, it is probable that it falls sharply in the region of the
maximum profit point (Q2e An alternative way would be to consider that
the marginal cost rises sharply in this region., In either case the
point of intersection would be at the same level of output.

A similar "economic capacity™ (OQ3) could be determined from marginal
cost curve MC(3)3 in this case the average total cost curve has not been
drawn.

This analysis assumes that more than one point on the production
fimction has been determined for each farm, To do this woula involve
many practical dif'ticulties of recording the complete operation in de-

tail, chemical analyses, and feeding trials etc,
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In this study a best estimate oi only one pnoint on the production
function is obtained for each farm and the marginal cost tor a system
determinea from such single point estimates tor a number ot tarms.

Thus, tne survey aata is severely limitea since it was not obtained and
presentea in a manner whicn enaoles tne true marginal costs of the
systems to be determined., The best estimate or the marginal cost is
assumed to be »C(;) but since the average total cost curve ATC(l) is a
rectangular hynervola, asymptotic to this marginal cost curve (xcl), ine
tersection ot the two curves, and the aetermination oif economic capacity
ot the system, is impossible, Tnerefore, estimates rererred to as
"capacity limits" have to be made of the economic capacity, by arbi-
trarily tixing levels of outout, such as Ci1 in Fifure 1, at which it

is assumed that the marginal value product (IVP) of the system is

equal to the marginal cost and also equal to average total cost. (Such
"capacities" are oiten convertea to "working days" on the basis of
constant performance rates.)

As drawn in Firure 1, 0¢j will always tend to be at a greater
level ot output tnan OQ2. However, with NC(3) wnere it is assumed that
MC1 has been placed at too nigh a level, the "economic capacity" Q3
coula be at a greater level of output than C¢y - tne estimated capacity.

Analyses using "imperiect" data trom single point estimates are
too trequently undertaken,

Figure 2 shows two sets o1 cost curves tor two hypotnetical methods of
harvesting determincd in this manner, !ethod A(1) may be consiaered as
utilising existing machinery, with a relatively low output with marginal cost

MC(l) and average total cost ATC(1). System B(2) reoresents a metnod
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with newer more expensive machinery capable or higher output. With
this, marginal costs MC(Q), will be lower than V'C(1), due to higher
performance rates, and the average total cost ATC(2) higher than
ATC(l) for low levels of output, because oi the relatively higher
fixed costs incurred at these levels,

At first glance it would appear that a farmer raced witn the
choice between these two methods for harvesting would choose method A
for outputs up to output 0213 - the point where the two average total
cost curves intersect, However, if we assume that the farmer already
owns, and is operating method A, it would not be profitable to change
to the higher investment, greater output method B, until output OQ2
has been reached. At this point the marginal cost MC(1) cf method A
is equal to the average total cost of method B. This principle will
apply whether constant marginal costs as in Figure 2, 6r increasing
or 'true! marginal costs MC(2) in Figure 1 are being considered. The
reason ror this is that when new machinery is purchased all factors
are variable and d1 costs become variable costs; i.e. the average total
cost becomes the marginal cost., Thus, for outputs O:2 . 0Q; the marginal
cost under method B is give by PjPp. O&ince this is higher than the
marginal cost MC(l) of method A it will not be protitabie tor tne farm-
er to change methods until output 0Q2. Beyond this point MC(1) will be
higher than ATC(2) and MC(2). This principle accounts for the reason
why many farmers continue to operate existing equipment, rather than
purchase new higher capacity machinery, when only small additions to
existing totél outputs are contemplated. Thus, in general a shift to

a newer method implies an increase in output,
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Cost Curves for Alternative Harvesting tlethods

In Tables 10 and 11 the total "capacity of the combinations is
assumed to be that attainable in a perioc of ten working days ot 8 hours
each, Ten aays are chosen as this is approximately the perioa avail-
able during early June when high quality silage can be made and as
such is an estimate ot the "true economic capacity" ot each system.
Delays due to wet weather may result in the output witnin the period
being reduced, or the quality oif the silage reduced, it the 10 working
days have to be extended over a longer period. Capacity will also be
reauced when only o hour working days are possibite, This is oiten tne
maxirmum time available on the sma.ler dairy farms where chores have to
be done, The farms envisioned in Table 11 are large scale operations
where breaks tor chores may not occur since a separate rield team could
be used.

The cost curves aeveloped in Figures 3 and 4 are analagous to
those in Figure 2 but due to the high level of fixed costs, relative
to variable costs, intersection points between cost curves for
difterent machinery patterns ao not occur within meaningrul levels
of output. In Figure 3 point P between methous 3 ana 5 (where tne
same chopper and blower is used with different combinations of men
and wagons for tiiling an upright silo with wilted material), s:nows
that up to an output ot approximately 270 tons, combination III gives
the lower average total cost. If the farmer were already operating
with 4 men and 2 wagons it would be proritable tor him to continue with
that system up to the output where tne marginal cost curve or system

ITI intersected the average total cost curve of method IV, beifore dis-
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vensing with the rourtn man and purchasing an acuition wagon., But by
assuming constant marginal costs this point will be beyond a meaningiul
output. Thus, "capacity limit" estimates have to be used to uetermine
when to change systems == as the X's in rigures 3 ana 4 inaicate.

For a 1armer contemplating silace making for the rirst time, the
marginal costs would be lowest for system VI, - 3 men ana 2 wagons with
a direct cut machine ana a norizontal silo. Ieeding vaiue dirferences
between these systems may, however, resul£ in the real marginal cost ior
system VI being higher than that ror IIT or IV,

In the case or custom hiring (oystem V), marginal cost is equal
to average total cost and this is lowest 1or outputs un to approximately
250 tons with norizontal silos and 370 tons with upright silos. However,
timeliness is imoortant in cetermining quality ana since custom hiring
otten results in aelays berore operations commence, the reducea quality
of the resulting proauct may more than otfset the lower unit costs,

In general, it will be seen trom Table 10 and 11 that little
diiference in unit costs occur when the same harvesting equipment is
used with varying quantities ot power, labor and hauling units. Although
dirferences in average variable costs occur as ths amount of labor, power,
and ccnsequently, pertormance rates alter these are largely maskea by
the relatively high proportion or fix:d costs wialch occur at any given
outout., This applies particularly at the low levels or total output
where considerable increases in periormance rates have to occur berlore
any appreciable efrect on unit costs is observed,

The schedules and cost curves illustrate the point that for low

unit total costs of production to occur a high outrut ana use of machinery
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must take place, This use may be in any of tne forms previously
mentioned - i.e, daily chooping oi forage tor dry lot feeding, a high
acreage of grass corn, oats, sorghum, eta for silaye or the use of
chooved straw and corn stalks l'or bedding, Similar results may be
obtained through custom ooerating, or sharing equipment with neighbors,

Though veriormance rates used in Table 11 appear rather high,
they are capable or being attained within the near future with mach-
inery ot high capacity =~ and high cost -- now being develoned to an
increasing extent. The machinery envisioned is a high capacity
chopper requirine a L4 plow tractor zor power operating, a PTC blower,
and 3 self unloading wargons. These latter would enable tae blower to
ooerate to full capacity since, emptying from a chute at the side
they could be driven uo directly to the end of the blower's collecting
tray. The delay caused with rear unloaders of having to clean un, then
1lift the tray clear, backing wagons into position, etc, are all
obviated and the spilling or chooped material which may occur with this
fast rate of filling can be kent under control by the blower ooerator as
the wagon is unloadinge.

The high investment cost oif the machinery will necessitate high
total output == as can be seen from the cost schedule for combination
] == it unit costs are to be kept to a reasonably low tigure. The
advantage which the sharing of such exnensive machinery allows can be
seen in combination II, when the same equipment and crew as combination
I are used but where, by sharing the initial investment on a 50-50
basis, the annual fixed cost is reduced by 50 percent, However, capa-

city is also reduced.
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Combination IV shows the slicht reduction in unit costs which
occur when a horizontal silo is useu insteaa or an uprizht, The
tractor necded for vpacking coula be in contimual use since the selr
unloading wafons woula be nowered by the hauling tractor., In sore
cases, 2 tractors may be necessary in silos o1 tuis size.

Combinaticn IIT sﬁows thie results ol using a rotary flail tyme
choprer, This tyre has a lower initial investment cost ana is more
suitable for use with horizontal silos. Difiiculties have occurred,
however, with feeding lacerat.a material f'rom bunkers,.

The average total cost curves torether with cavacity levels for
combinations I, IT and III are given in lizure 4. Thus, at 1200 tons
a farmer overating system III would have to .change to system I, since
1200 tons is the assumed level at waich the marginal cost ot III inter=
sects the averape total cost (= marginal cost) oif the new system I,

When observing these cost curves it is esseptial to bear in mindj;
(1) that in their constiruction marsinal costs are assumed equal to
average variable cosits whereas in fact as output increases marginal
costs probably increase, (2) that the cost curvis do not necessarily
compare identical proaucts or identical production iunctions. Thus, for
any given output, the silare which results irom using combination III,
although louwer in average total cost than that trom II or I mav be con-
sicgeratly lower in feeding value, In terms ot cost oi teed nutrients III
may well be higher than II or I ana the subjective value which the
rarmer may place on reducing the risk involved in producing a hirh feed-
ing value silage may. more than oitset the Lower unit costs or III,

Thus, synthetic cost curves as developed in this chapter have
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limited application in demonstrating some of the obvious points referred
tg such as high use tor low unit cost etc., but are useless for deter=
mining the "true economic capacity" for a system unless the true marginal

costs of the services provided by the system are available.

Partial Budrets

The previous analysis has been concerned only with estimated costs
of harvesting grass silage, however, it is not possible to consider
harvesting systems for a single forage crop in isolation from the rest
of the farm. To obtain low unit cost, use of machinery t'or other forage
crops besides grass silage is necessary. This may necessitate changes
in cropping and feeding systems, and possibly in the livestock enter-
prises = with consequent changes in net farm income, etc.

As previously pointed out, harvesting and storage methods affect
silage quality. Thus, least cost combinations for various systems have
only limited meaning without reference to the feeding value ot the product,
This is not easy to determine in advance, as chemical analyses are often
misleading, and the real quality can only be determined trom its effect
on milk production, This is diftf'icult to determine as many other
factors besides silage quality aff'ect milk production.

The "capacity" of a combination to harvest the required amount during
a given period = when quality is highest - is most important., Thus, in
previous studies  the low investment cost combination of green crop

loader and ensilage cutter has been shown to give lowest unit costs tor

1/

R. G. Kline and W, W, McPherson, opn. cite.
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all levels of output up to approximately 1uUO0 tons, but "capacity" is so
low that only very small amounts could be harvested in the available
periode.

Similarly the cost curves aeveloped above have shown that the
direct-cut rotary tyve chopoer usea in conjunction with a horizontal
silo gives the lowest unit costs in terms oi tons harvested but, as
pointed out, this does not necessarily mean least cost in terms of
feed nutrients or milk production potential, Ross and Fellowél/in
their budgets considered that by eliminating weather losses, grass sil-
age increased milk receipts by 16.5 percent. However, difterences be=-

tween qualities of silage may lead to even greater increases than this,

as some of the data in Chapter L indicated.
Evaluation Proovlems

A major ditticulty, in considering quality differences between
forages, is determining a method of evaluating the original product,
As Hadley and Sutefg/ observe, the value of any commodity is always
considerably intluenced by the time, place, and torm in which it is
held. Pasture has a time and place disadvantage because it cannot be

stored or moved, Hay and silage both have a place disadvantage because

they are difficult to move, All roughages have some formn disadvantages

V. E. Ross and I. F. Fellows, An “conomic Evaluation of the Barn-
Finishing Metnod of Harvesting lLay, Connecticut Agricultural _x-
periment Station Bulletin 227, April, 1951,

N. S. Hadley and R, C. Suter, "What is Silage Worth," Syrmosium
on Silage, Department of Agricultural Economics EC-1L48, Puraue
University, April, 1957.
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because their use is 1imited to tivestock farming,

Johnson and Hardidi/ have presented an analysis oi the problem and
concluded that an acre of harvested forage shoula be valued at (1) not
less than the highest net value realizable by disposal-salvaze value,
(2) not more than the cost of acquiring by the most economical means
available additional forage units or their equivalent- acquisiticn cost,
(3) the value through use - the marginal value product - it this falls
between the limits of 1) and (2) above, They concluded, - on the basis
of' the Wagley study - that the MVP of an acre of forage was $1..00,
Assuming that values then and in 1957 are approximately the same, an
estimate, based on this latter figure, of %7.00 per ton was determined as
an appropriate value to place on one ton of wilted grass silage stored
in an upright silo. Assuming LUO pounds TDN per ton of wilted silagéé/
then the unit value of TDN in silage would bel?5 cents per pound.

As indicated in the previous chapter, variations in the TDN and
protein content o1t grass silage occur depending on the stage of maturity
at harvesting. In general, protein content is higher the earlier the
harvest, but total dry matter, and possibly TDN content, increases with

stage of maturity.

Typical dry matter losses, for ditferent harvesting and storing

G. L. Johnson and L, S. Hardin, Economics of Forage Evaluation,
North Central Regional Publication No. 48, Published as Purdue
Agricultural Experiment Station, Bulletin 623, April, 1955.

Re V. Wagley, op. cit,.

Based on figures appearing in Tables by F, B. Morrison, Feeds ana
Feeding = Aoriaged, Eighth Edition, Morrison Publishing Company,
Ithaca, 1950,
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methods may be as follows:

Wilted Material Direct-Cut Material
(Percent) (Percent)
Upright Silos 12 25
Horizontal - l/ 30

Thus for every 1lU0 tons of wilted grass silage stored in an upright silo
the following adaitional quantities and acreages would be required by the

direct-cut methods:

Wilted l‘aterial Direct-Cut lMaterial
Upright Silo Upright Silo Horizontal
Tons 100 113 118
Acres 12,5 k.1 14.75
(8tons per
average)

The main purpose of the presentation is to demonstrate that harvest-
ing and storage costs are not the only considerations involved in

decisions concerned with silage conservation,
Construction of Budgets

Partial budgets, for harvesting and storing varying quantities of
grass silage for five ditferent sized dairy herds, are presented below,
The assumptions on costs and performance rates are based on those pre-
sented in the early part or this chapter and in Chapter 3., The assump-
tions concerning losses of nutrients with the different harvesting and
storing systems have been utilized as follows: = four alternative methods

of harvesting and storing grass silage are budgeted for each herd size,

The ones presented are considered to be the more likely of the many

1/ -
Although instances were observed, in the survey, of the use of wilted
material with bunker silos, the practice is not generally recormended

because of the difficulty involved in eftf'ectively "packing" the
wilted material.
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alternatives possible on each farm, In each case, harvesting wilted
material, stored in an uprisht silo = Method A - is budgeted tirst.
This method, results in least loss ot nutrients (but highest costs for
harvesting and storing), and is, theretorc, taken as the norm from
which the other methods are evaluated., It is assumed that the total
amount of silage required on each farm is that obtainable with I’ethod
A, The figures given for Methods B through D are the equivalent amounts
and aaditional acreages (assuming 8 tons ot wilted silape per acre) that
would be required, atter allowance has been made for the increased
losses of dry matter that occur with these other methods, Total fixed
costs for harvesting these additional amounts will not change, but total
variable, and hence total costs, wiil increase., Storage costs will also
increase, Item 7 in each set of budgets shows the difference in total
costs for harvesting and storing between lMethod A and the alternatives.
Item 8 takes account of dry matter losses and shows the value of the
additional land required to produce the additional amounts of silage,
when an acre of land is valued at 330l/- (based on 16 for land charges
and 714 as the MVP of an acre of forage). Item 9 shows the net effect
of comparing Method A with the alternatives,

It will be seen that, in many instances, reauctions in harvesting
and storing costs are more than coffset by the value of the additional
land requirements., Very often the net differences are relatively small

and hence, inconclusive as to the best method to adopt.

1/

This is approximately the same figure as that for current conditions on
Southern Michigan tarms as determined by C. R. Hoglund and R. L. Cook,
Higher Profits from Fertilizer and Improved Practices, Michigan Agricul-
tural Experiment Station, Agricultural Economics bL5, October, 1956,
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Feeding costs have also to be taien into account and where these are
low, as in self feeding systems, they may ortset any other cost and value
differences. If we assume a price for labor during the winter period of
80 cents an hour, then over <LU cays, a possible reduction, witn self feed

methods of only 30 minutes labor per day would amount to 96,
The Farms

Hypothetical farms have been used as a basis for evaluating the
alternative harvesting and storing methods. With the exception oi the
250 cow herd, similar operations were observed on the survey and, in
eftect, each set o budgets is a composite presentation of practices on
several actual farms. l!More meaningtul alternatives can be considered by
doing this since limitations ot'ten occur on actual farms which prevent
some alternatives, which may have wide applicability, from being feasible.
Cnly brief details of the hypothetical farms are presented below as it
is hoped th;t the budgets, all constructed in the manner described,
are self explanatory.

Farm A

The results oif considering some ol the alternatives facing a
farmer with a small herd of 15 cows who wishes to feed 80 lbs. grass
silage per day during a 100 day surmer period ana to refiil the silo
in the fall with corn silage are considered in Table 12, Storage for
the required 60 tons could be provided either by a 10' x 35! upright
or by a 20" x LO' trench silo,.

It is assumed that the machinery is purchased second hana at

auctions etc., and that the team is made up of 3 men, 2 wagons ana 3
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TaBLE 12
ESTIMATeD TCTAL "3CSToM Cr AV ST000 AlID STORIANG Thy wUIVALELRT
Cr 60 TO's O WIIT D CRAs L 0THaC 0 T U2-I0GHT STLCS BY ALT.LCATIVEH
POTICUs O o(UTH=CETTRAL MICIHIGAN DATRY IAUS
TETHCD

I7.21 A 3 c D o
Machinery Ownership Selt-Cwning Self-Cwning  Custom Hire Custom Hire
Type ot lMaterial Wiltea Virect Cut wilted Direct=-Cut
Type of Silo Upright Trench Upright Trench
Tons Required 00 T0.8 €0 70.8
Additional
Acreage Above A - 1.35 - 1.35
Capacity -
Tons Per Hour 7(*) 8(1) 10(1) 11(1)
Costs Dollars Dollars Dollars Dollars
1. Total Fixed Sosts 102,50(2) 137.00(3) 75.00(L) 83.69(L)
2. Total Variabple ‘

Costs 57.84 5947k 27.00 28,906
3. Mowing and

Windrowing Costs 15.00 - 15.00 -
Li. Total Harvesting

Costs 235,3h 1904 7h 120,00 112.65
5. Storage Costs 17.50 2.95 17.50 2.95
6. Total Harvesting and

Storage Costs 252,38l 199,69 137.50 115.00
7. Comparative Total

Cost to Method A - -53.15 -115.34 -137.2
8. Estimated Value

of Additional Land _

Requirements - +40450 - +10450
9, et Costs

(8-1) - -12,05 -115.3k =96, 7L
(1) Crew: 3 Men, 2 Wagons, 3 Tractors.
(2) Initial Cost: (Second Hand) Chooper 1200, Blower 130U, Wagous ;250

Bach, (10'x35') Silo.
(3) Initial Cost: (second Hand) Chovper .J1200, - - Wagons 250

Bach, (20'x40'xL') Silo.
(L) Custom Rate: 413 per hour - Hign Capacity Zquinment - Farmer Provides

2 Men, 2 Tractors,.
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tractors., The fixed costs are based on a machinery use for €0 tons of
grass and €U tons of corn silage. If the 60 tons of dried hay, required
for winter feeding, were also chopped, fixea costs would be reduced by
$54,50, This is not sufficient, however, to bring total harvesting costs
with owned equipment below those tor custom hiring. Cn the basis of

the budgets, custom hiring wilted materiali to an upright, (¥ethod C) is
the most profitable with a net decrease ot 115,34 over lMethoda A. The
results would be even more in favor oi custom hiring it the machirery had
been purchased new, Reductions in feeding costs, possible with the
trench silo, could easily off'set the small diff'erence between Methods

C and D and, hence, the trench silo would be preferable,
Farm B

The case of a farm with a 35 cow herd, producing 200 tons grass
silage, 100 tons corn silage and 80 tons dry hay, is considered in
Table 13, Storage for the grass silage could be either in a 16' x LO!
upright, estimated cost 180U, or a 20' x 60! bunker silo, estimated
cost ©600. It is assumed that the chovper and blower are used for the
dry hay as well as for the grass and corn silage., Custom hiring wilted
material to an upright == Method C =~ results in a decrease in net
costs of $56.48 compared to A. However it is doubttul ir this is
sufficient to compensate for the possible inconvenience and loss of in-
dependence which occurs with custom hiring, Less loss of inaependence
occurs when machinery is shared, as in Method D, This is the most
profitable ana results in a net decrease in costs of ;64,28 over Method

A and would, therefore, be the most anvropriate method,
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TABL= 13

LSTIMATED TOTAL "CGSTS™ OF HARV.STIANG ASGD STCRING T'im ESUIVAILNT
CF 200 TG'S T WILT=D CRAs» 9Ilats I UPRIGHT STLCS BY ALTERNATIVE
P sTHCUs G STUTH=-CTHTRAL MISHIGAN DAIRY FAS

METHCD

IT=" A B o D
lMachinery Ownersiip Selr-Uwning oeli-Owning Custom Hire Sharing
Type of Vaterial Wilted Direct-Cut  Wilted Direct-Cut
Type ot Silo Upright Bunker Upright Bunker
Tons Required 200 236 200 236
Additional Acres
Above A - L.S - L.5
Capacity
Tons Per Hour 8(1) 9(1) 10(1) 9(1)
Costs Dollars Dollars Dollars Dollars
1. Total Fixed Costs 237.73(2)  198.85(3)  2c0,00(L)  99,,2(5)
2. Total Variable

Costs 168,75 176,93 90.00 176,98
3. Mowing and

Windrowing Costs 50,00 - 50.00 -
Ls Total Harvesting

Costs L5643 375.83 1,00.00 276,40
5. Total Storage

Costs 90.0v 70.80 90.00 70,30
6, Total Harvesting and

Storage Costs SL6, L8 LL6.63 L90,00 3h7.20
7. Comparative Total Cest

to Method A - - 99.85 -56.438 -199.23
8. Estimated Value ot

Additional Land

Requirement - +135,00 - +135,00
9. Net Costs (8 = 7) - + 35,15 -50,48 - 6l.28
(1) Crew: 3 Men, 2 Wagons, 3 Tractors.
(2) Initial Cost: P.T.O. Chopper 2500, Biower 500, Wagons 5LUO each,

Silo (lo'xLO') $1800.
(3) Initial Cost: P.T.O. Chopper $2500, = - Wagons $L00 each,

Silo (20'x60'x3') 3600,
(4) Custom Hire: $130 per hour, Farmer to provide 2 men, 2 tractors,
(5) Assumes Lquioment of Method B Shared on 50-50 basis, both tarms having

similar systems, 200 tons grass, 100 tons corn and 80 acres baled hay,.
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Farm C

The case of a tarmer with a herd ot 50 dairy cows who wishes to
feed €0 pounds grass silage per day for a 260 day period is considered
in Table lh, Storage for the requirced LOO tons could be either in a
20' x 50' woright or a 30' x 80' horizontal. It is assumed that the
dry hay will be baled and that the chopper is used oniy for the grass
silare, It is assumed, as reported in Chapter 5, that no ditferences
in feeding value or nutrient losses occurs between lacerated ana chooped
material. On the basis ol the budgets, Method D is the most profitable
with a reduction ot ,96,92 over A, However, tarmers have experienced
ditticulty in reeding lacerated material trom bunkers and, thus, feeding
costs with this methoa may well be higher orfsetting any other cost
decreases., 3elf fecd auger bunks for use with the upright may be justi-
fied, especially it the operator is abe to place a high ooportunity cost
on his own or his workers! labor. A saving of 30 mins labor per day
(worth #96 per year) in feeding may be possible with Methoa C., Ii the
farmer wished to change his system from Method A to a newer, higher capa-
city system orh men, 3 wagons and 3 tractors with a new ;3000 chonper and
58300 PTO blower, output woula increase to 15 tons per hour, Total costs
for harvesting and storing the LOU tons would increase irom ;1112 to 31207,
but "capacity" or the system would increase from 80V tons to 1200 tons,
Thus, if a large increase in cow numbers ana silage requirements was
contemplatea, the tarmer would retain his existing equipment ror harvest-
ing up to BUU tons, but beyond that level would change to the newer
system. The marginal cost ror the old system was 3.057 per ton and it is

assumed that somewhere in the region or 800 tons this equals the averarge
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TSTIMATTD TOTAL "COSTS" CF HVauTING 4D STORING THE EQUIVALWSHT
CF L0O0O TOJS OF YWILTZD GAass SILAG . IN UPiIGHT STLCS BY ALTE0ATIV.
TnTHODS CH SCUTHE=CLLTTRAL MISHIGAW DAIRY FALS

METHODS
ITHM A B C D
Machinery Ownersﬁip Selr-Cwning Selt-Cwning Selt-Owning Selt=-Cwning
Type ot laterial Wilted Direct-Cut Direct-Cut Lacerated
(Rotary Chon)

Tyoe ot Silo Uoright Coright Bunker bunker
Tons Required 400 L52 u72 L72
Additional Acreage
Above A - 6.5 900 9.0
Capacity Tons
Per Hour 10(1) 12(1) 12(1) 12(1)
Costs Dollars Dollars Dollars Dollars
1. Total Fixed ZJosts 600,00(2) 600.00(2) h93.00(3) BBB.JU(h)
2. Total Variable

Costs 272,00 254,20 265,18 205440
3. lowing ana

Windrowing Costs 100,00 - - -

L. Total Harvesting

Cost 972,00 85l 420 763.L8 603,143
5« Storage Costs 140,00 158,20 141,60 141,60
6. Total Harvesting and

Storage Costs 1112.00 1012,40 905.08 745,03
T. Comparative Total

Cost to Method A - =99.60 -206,92 -366,92

8. Estimated Value ot
Additional Land
Requirement - +195.00 #270.00 +270,00

9, Net Costs (8 - 7) - + 95.L40 + 63,08 - 96.92
(1) Crew: 3 Men, 3 Wagons, 3 Tractors

(2) Initial Cost: P.T.O. Chopper 2500, Blower 600, Wagons ;LU0 each,
Silo (20'x50') %2800,

(3) Initial Cost: P.T.O. Chopper 2500, - = Wagons $LUO each,
Silo (30'x30'x38') 31200,
(L) Initial Cost: P.T.0. Chopper 1000, - - Wagons 3L00 each,

Silo (30'x30'0 51200,



total cost of the new system. In buying a new system, ATC = IC, as ail
tactors are variable. The marginal cost for the new system, once the

investment is tixed, woula pe ..533 per ton.
Farm D

What may become the typical dairy herd or the tuture - namely 80
cous = is considered in Table 15, It is assumed that 700 tons grass
silage, 200 tons corn silage and L8O tons dry hay are proauced. The
latter is baled. Storage could be provided in either two lo' x 65!
uprights or two 3U' x 65! bunker silos. The team is 4 men, L tractors
and 3 wagons. In Methoa A these liatter are assumea to cost 500 each.
However, in the other methods it is assumed that daily choooing of green
t'orage taxes place and that one wagon, used tor this purpose, is a
mechanical unloading type costing .;J1U00., The use of the chopper for
daily cutting reduces tne fixcd costs to be borne by the silage operation,

It is possible that some or the grass or corn silage would be
replaced by ocat silage. However, this would not aitect unit costs of
grass silage untess the oat silage was an adcditional supoply. oSimilarly
sudan grass may revlace, or supplement, grass tor daily chooping during
July. InYethod D it is assumed that the rotary flail tyve chopper would
be used for the grass silapge and daily chonping. On the basis of the
budgets, lacerated material in a bunker would be the most economical,
with a decrease or $75.11 over ¥ethod A. However, as mentionca aoove,
difriculties in reeding lacerated material occur ana, hence, Metnhod A
would be preferable -- esvecially since mechanical 1eed baikers could be

Justitied on herds ol this size,
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TA3Ls 15

ESTIMATED TCTAL "COSTS"™ OF HARVeoTING ATD STCRING THu ELUIVALLIT

OF 700 TO:'S OF WILTZD GRALS SILAGH I UrRIGHT SILOS BY ALTwzila
FHETHODS ON SCUTH-CENTRAL WICHIGAN DAIRY FARIL.

TIVs

YETHOD
ITEM A B C D
Machinery Ownership Self-Owning Self-Owning SelfwOwning Seltf=Owning
Type of Material Wilted Direct-Cut  Direct-Cut  Lacerated
Rotary Chop
Type of Silo Upright Uoright Bunker Bunker
Tons Required 700 791 826 826
Additional Acreage
Over A - 11.375 15.75 15,75
Capacity
Tons Per Hour 10(1) 10(1) 12(1) 12(1)
Cost Dollars Dollars Dollars Dollars
1. Total Fixed Costs 665.97(2)  €25,51(3) 519.70(L)  292,92(5)
2. Total Variable
Costs 630,00 711,90 619.47 619.4L7
3+ Mowing and
Windrowing Costs 175.00 - - -
L. Total Harvesting Costs 1L70.97 1337.41 1139.17 912439
5. Storing Costs 225,00 254.25 235.99 235.97
6. Total Harvesting and
Storing Costs 1695.97 1591.66 1375.16 1148.36
7. Comparative Total
Cost to Method A - -10L4.31 =320,081 ~547.01
8. Estimated Value of
Additional Land
Requirements - +301,25 +472,50 +472,50
9. Net Costs (8 - 7) - +236.94 +151.09 - 75.11
(1) Crew: L ¥en, 3 Wagons, L Tractors,
(2) Initial Cost: r.7.0. Chopper 3000, Blower 3800, 3 Wagons ;500 each
Silos~2-(10'x65') 54500,
(3) Initial Cost: - Choover 3003 Blower 000, Wagons two at 500 one
at 41000, Silos-2-(3uU'xo5'x8') 2000,
(L) Assumes self unloading wagon used to haul 8 tons chopped forage daily
for 100 days
Initial Costs: ELC. Chopper %3000, Two Wagons ;500 each, Cne at 31000,
(5) Initial Costs: PLO. Chopper 41000, Two Wagons 3500 each, Cne at {1000,






Tarm E

The larse scale overator of the future is consiaerea in Table lo,
Two hunared ana i1itty cows woula be housed in a loose housing set-up
with ary lot recaing. Two thousana tons or grass silare would be maae
in aacition to HUU tons ol baled ary hay ana 10U0 tcns corn silage. In
Vethod A the chopper would be a high capacity, motor mountec moaed,
capable of dealing with L winarows at a time., Storage woula be provided
by L uoright silos 20' x 60' with mechanical self feea bunks., These
would be used for all the year round feeding. The silo would be filled
with first cutting grass clover mixtures for summer ieeding and then
rerilled with second cutting and corn tor the winter. They would be
erouned torether and fiiling woulu take place by means of a collecting
oit into which the trucks -- prelerrea to wagons because ol the distance
involved -~ would aump the choppea material. This would then be fed
throuch a PTC tyve blcwer into a system ot piping, enavling any oi the
four silos to be tilled. ustimated costs tor concrete silos ana pit
would be 114,000, (It steel glass-lined type silos were used, invest-
ment costs would be considerably higher,) 1In view or the high invest-
ment costs and the possible high interest charges a rate o: 10 percent
on initial costs is assumed for both upright and horizontal silos., iive
men, two tractors and three dumn trucks are assumed to be neeced. A
catervillar tyne tractor would be preferavle for packing in tae horizone
tals.

In Method D, the bunkers (two LO' x 150' x ') would be nartly fed
out during the summer by means of front end loaders into teea bunks,

Selt feeding would not be practicable with herds of this size,
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TABIE 16

ESTILFAT~D TOTAL "CUSTo" OF HARVLSTING AD STCRING THm ELUIVAL:ET

OF 2000 TOIS OF WILTLD GRASS SILaG: I UP.LIGHT SILOs B ALTWRUATIVH
1OTHODS CW SCUTH=CENTRAL MICHIGAN DAIRY FARMS.
MINTHOD
ITEM A B C D

Machinery Ownership

Self-Owning

Selr-Cuning

Selt-Cwning Seli-Owning

Type of Material Wilted Direct-Cut Direct-Cut  Lacerated
Rotary Choo

Type of Silo Upright Upright Bunker Bunker
Tons Required 2000 2200 2360 2360
Additional Acres '
Above A - 35.0 Ls.0 L5.0
Capacity Tons
Per Hour 20(1) 20(1) 20(1) 20(1)
Costs Dollars Dollars Dollars Dollars
1. Total Fixed Costs 815.76(2)  y15.76(2) 726.00(3)  1L7,20(L)
2. Total Variable

Cost 875.00 980475 1032.50 1032,50
3. Mowing and

Windrowing Costs 500,00 - - -
L. Total Harvesting

Cost 2190,76 180L.51 1758.50 1L479.70
5. Storage Costs 924,00 10L44.12 708.00 708,00
6, Total Harvesting

and Storage Costs 311L.76 28118463 266,50 2187,70
7. Comparative Total

Costs to Method A - -266,13 -6l3,26 =927,06
8, Estimated Value of

Additional Land

Requirement - +1050.00 +1350,00 +1350,00
9, Net Costs (8 = 7) - +783.87 +70L. 7 +1,22.9)

(1) Crew:

5 Men, 2 Tractors, 3 Trucks

(2) Initial Costs: Motor Mounted Chopper 3L00O0,
Each, (1/4 to silage} L4-20'x60' Uprights 53000 each; Unloading Pit :»2000.

(3) Initial Costs:

Blower $800, 3 Trucks $2000

_ Chopper :;4000, 3 Trucks ;2000 each, Bunker sSilo Two-
(LO'x150%") 56000,

(4) Initial Costs: Rotary Chopper 31000, 3 Trucks :;2000 wach, Bunker Silo
Two-(LO'x150'x8') 36000,
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In Methods B and C, an 3 foot direct cut, motor mounted, caosper
is used. This is also utilized lor daily cnopping of green foraie,
whicn occurs with both methoas. Possibly a sclr unloading wagon in=-
stead oif a truck would be used to feed the chonped forage into the
bunks.

On the basis ol tne puarets, wiltea material and upright silos are
considered tne most apnropriate system for herds or this size. Since
the mechanical feed bunks wiil be in continual use, unit feeding costs
should be a*t a level conparable wita the tront ena loader and bunker
silos met:nod.

The system of upright silos lenas itseli more reaaily to increases
in herd size, since the space requirements f'or aduitional uprignts are

not so great as tor horizontal silos.

Discussion and Recormenaations

The partial budgets presentea aoove epnasize that harvesting
and storage costs are not the only considerations involved in silage
makinge. IMNany iailures ana aisappointing results would seem to arise
from the fact that some farmers do not anpreciate the elementary tacts
involved, = i.e. that nutrient content can never be higher than that
oi' the material as cut and ensiled, and that storage and harvesting
methods can atfect considerably the fceding value ot the end product.

The following recormendations are made irom a consideration of
(1) the survey results (2) the synthetic cost data and (3) the partial
budgets. In view of the many subjective evaluations involved in harvest-

ing, storing and feeding silage, many of these recormendations may not
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be generally accentable, However, they are considered to be apnropriate

for farms similar to those observed on the survey.
15 Cow Herd

Herds of tnis size may not remain in milk production t'or very
much longer. In the interim, until they eilther increase to a more
economical size or cease milk production, the use otf custom hiring is
recommenaed, Trench silos orter the cheavest storare facilities and
direct cut material would be preferapble for use with these, Wilted
material would be preferable it existing uprights are used. These latter,
however, are orten in need ot repair on these small farms., The diffi-
culties which arise with refilling uprights when using custom operators

have been discussed previously.
35 Cow Herd

These herds will also probably increase in size but, in the mean-
time, t'orage harvesting can best be conducted by a system ot sharing
equipment with a neighbor. OCbviously the greater the number that share
the equipment the lower unit costs will be, but in view of the limited
period available for high quality silage oroduction, only two partners
are consiaered feasible, With the tonnages normally required, both
should be able to harvest their silage in the available period of 1V
days in early June, Similarly with the corn silage and dry hay.

Bunkers are considered more suitable If self feeding is to be
practiced, but where uprights are already in existance these could be

used since the difference in storage costs could easily be oftfset by



the greater losses and wastages whicn occurs with selt’ feed bunkers.
Storage facilities are orten limited, esnecially with upright silos.
In such cases wilting enables a greater quantity of dry matter to be

stored, with given storage racilities.

50 Cow Herd

With these herds sharing o! equipment could be justitied, However,
where daily chopping occurs the owning ot direct cut equipment would
provide a more economical metnod.

Bunkers may still provide the least cost storage if self feeding is
practiced, but due to decreased losses ana wastage, uprights would be
preterable, -- especially where cattle are housad in stanchion barns on
a "rationing system" of feeding.

Custom operating for neighbors could be undertaken, thereby re-
ducing unit costs tor machinery use on the home rarm. However, these
latter reductions may be counterbalanced by possible quality losses
it harvesting of the home farm crop is neglected in favor of the neigh-

bors! operations,

30 and 10U Cow Herds

Although the 100 cow herd may be considered as two 50 cow units,
its increased size makes the use of uprights and mechanical self feed
bunks more feasible., Owning of equipment is assumed, In some cases
there may be justification to use windrowing for the silage ana to have
a direct cut rotary models for daily chopping. Wilted material and the

use oi upright silos with mechanical selt fed bunks would be considered
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the most appropriate system for both herd sizes,

250 Cow Herd

The system which seems most approoriate for the large herds is
the one aiscussed above in which a motor mounted pick up macnine is
used with a group of upright silos which are filled by means of a
collecting pit, a blower and adjustable pioing, The silos are emptied
automatically into selr feed bunks which are used for all the year

round feeding. All equipment would be owned by the farmer,

Aoplications To Beef Production

Although the analysis has been more concerned with grass silage
as a feed for milk proauction, many of the findings and recommenda-
tions could aonly equally as well to the b..ef producer. He is also
faced with the problem of obtaining a high quality feed at an economic
level oi cost for harvesting, storing, and feeding. Thus, the systems
advocated t'or the varying sized dairy herds have applications to beef
herds., This is particularly the case with the larger herds, and many
systems with large upright silos and mechanical self feeders are already

in operation.

Further Needed research

The above brief discussion may tend to leave the reacer with the
imoression that the recommendations as to the most economical way to
harvest and store grass silage are inconclusive, It this is sq then

they would seem to be in line with many of the inconclusive studies which
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have been conducted by the physical scientists., Until some method of
evaluating the many subjective, and even the objective, ractors in-
volved in the process is developed the various economic analyses, and
recomiendations based on themy will have only Limited apotiication to

farm conaitions. As yet, there would seem to be no "best" and "cheapest"
way to make grass'silage. The imyortance of observing the basic princi-
ples involved in the process has been stressed, but even when this is

done results are often aisappointing., Conversely good results are

often achieved when many of the established rules are broken,

In many instances farmers in the survey reported that they could
not account for diftering results obtained when similar methods were
used over several seasons, This has led to a decline in the popularity
o1 grass silage in some instances, and accounts, to some extent, ror the
reason why it is neglected by many who continue to rely on corn silage
and dry hay, as the basis ot their roughage feeding,

Milk and beet production in tne future will have to be undertaken
on a low cost basis. Grass silage is a potential low cost source of
high quality feed. It 1s desirable, theretore, that more inter-
disciplinary research work involving cooveration and joint endeavor,
from all the agricultural sciences be conducted into the many economic,
and technical tfactors involved in grass silage conservation. In pare
ticular, further technicali work is needed on the feed losses involved
in storing and feeding by alternative methods, as well as more data on
nutritive losses with direct cut versus wilted, and lacerated versus
chopped material. Agricultural econonists should undertake exact

measurement stuaies into the labor and machinery requirements at all
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stages of the harvesting and storing overations., In brief, data are
requirea to enable the true marginal cost of harvesting, storing, and
feeding varying quantities of grass silage by alternative systens, to be
derived. The optimum point on the relevant vrocuction iunction couid
then be determined for each system and more aefinite recommendations

mage whicn should enable the larmer to maxiiise profit,



CHAPTER VI

SUMYARY AND COHNCLUSICIS

1., Crass silage is sugrested as a potcﬁtial high feeding value, low
cost, forage tor dairy and beer cows. ilachinery is available to
enable large quantities of it to be harvested and storea in the
limited period available for high quality production in early June,

2. Data on grass silage harvesting and storing operations were
obtained by means ot observations on a "time and motion'" study
basis on a roughly stratified sample of 71 South-Central Michigan
dairy farms using specitied forage harvesters and blowers in
specified combinations of machinery, labor and power,

Pertormance rates varied with size and type ot machine, size
ot crew and storing methods., Overall average pertormance rates
for narvesting and storing green material from f'ield to storage
were 9.1 tons per hour with an average of 9.6 tons per hour for
direct cut and 8.6 tons per hour for wilted material., The typical
outiit consisted of 3 men, 2 wagons and 3 tractors. Average poten-
tial capacity for forage harvesters of all sizes and makes was
12,0 tons per hour for direct cut and 11.0 tons for wilted material.
Average potential blower capacity for all types was 18.7 tons per
hour for direct cut and 1llL.6 tons per nour ror wiltea material
with rates for PTO models of 27,1 and 23.4 tons per hour resvectively.
In all cases the potential pertformance rates for forage harvesters
and blowers, given the associated equipment, on the operations

=103~
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observeq, were below the manutacturer's claims for the various machines,
Initial costs or eguipment varied considerably as much had either been

purchased second hand or by trade-ins on existing equipment. Case

studies of tour farms, representative ol certain distinctive features

of the varying harvesting system, were presented.

The importance of the various cost concents and the difticulties

involved im pricing tixed assets are discussed, together with a con-
sideration of the economic factors involved in the varying machinery
ownership patterns.

The work of the physical scientists on the losses of nutrients occurring
with different harvesting and storing methods is reviewed. Reterence

is made to the use of adaitives and plastic covers as means of controlling
vtritive losses., Many ot the finaings contlict and are inconclusive,

In general, harvesting and storing losses are greater with direct cut
material, horizontal silos, and feeding wastage greater with self feed-
ing systems, little ditference was observea between the use of

various additives. Care is needed with plastic covers to obtain good
results,

The mechanical features of the various items of machinery; - forage
harvesters, blowers, and wagons are discussed and reterence mace to

the enquiries ot the agricultural engineers into their efficicncy. Blowers
in general are considered reiatively inefficient, but higher pertormance
rates are attainable with the PTO models., FPower requirements to overcome
the triction between the material and machine housing are high with
conventional model forage harvesters, These requirements are reduced

in some rotary tlail type models. Since rate of unloading into unright
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silos is controlied by blower capacity, little diifferences occur
between the various methoas of unloading wagons. Hydraulically
operated fals end gate wagons are most errective, High use is
neeaed to justity investment in the relatively expensive mechani-
cally unloading wagons.

The data from the survey and tne review or work by the physical
scientists are used to develoo syntihetic cost data and partial
budrets for harvesting and storing varying quantities ol grass
silage fcor dirterent hera sizes, under varying assummtions. The
necd tor high use of machinery to lower unit costs is demonstrated
by the aevelooment of synthetic cost curves., In their construction,
the assumption mace in this, and similar stuaies, that marginal
costs are constant for all levels of output prevents "true" economic
optima, and machine capacity (wnere VP = ﬁFC), trom beins determined.
Instead "guesstimates" ot this point -- referred to as "capacity
limits" -- are made ifor each system, beyond which "it is thought

to be uneconomical to operate." The partial budgets demonstrate
that the value of the adaitional land required to replace any
additional dry matter losses, between airferent systems, may ortset
any reductions in harvesting and storing costs. Ieeding costs have
also to be considered.

Recommendations as to the most etfiective way to harvest and store
grass silage for varying sizea heras are given. In general, these
incluce the use or custom hiring services and the use oi trencn
silos for small herds, snaring o:i equinment ana sel:r feed bunker

silos tor medium sized herds and ownership oi motor mountea i1orage
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harvesters, witn large upricht silos having mechanical i'eed bunks
For the larger heras.

The need for more interdiscivlinary research into the various
economic, ana technical aspects oi grass silage conservation unoeer
varying harvesting storing and feeding systcms is stressed.

In particuiar, arricultural economists shoula uncertake exact
measurenent stuaies into the labor and machinery requirements

at all stapes of the operation, and the technicians shoula

provide iurtrer aata on nutrient losses ana fcea wastages with the
various systems. This is needed in order that the "true" marginal
cost of the alternative harvesting and storing systems can be
derived and, nence, the optimum outputs to maximize profits
determined, At present there cannot be said to be any real "best"
system. This study has (it is hoped) provided some of the basic
data which will be needed to solve this larger problem, and pointed
to the need fror further data which will lend itself to marginal

analyses,
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