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Raymond Gilbert Tortimer

ABSTRACT

The purpose of this study was to provide data on perlormance

rates of forage harvesting machinery and to develop synthetic cost

data and partial budgets for harvesting and storing grass silage

by alternative methods.

Data were obtained by means of a survey, on a "time and motion

study" basis, of grass silage harvesting and storing Operations on

a roughly stratified sample of 71 South-Central Michigan dairy farms

using specified forage harvesters and blowers in specified combinations

of machinery, labor and power.

Performance 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 average of 9.0 tons per hour for direct

cut and 8.0 tons per hour for wilted material. The typical outfit

consisted of 3 men, 2 wagons and 3 tractors. Average potential

blower capacity for all types was 18.7 tons per hour for direct cut

and 1h.o tons per hour for wilted material with rates for PTU models

of 27.1 and 23.h tons per hour reSpectively. In all cases, the

potential performance rates for forage harvesters and blowers, given

the associated equipment, on the operations observed, were below the

manufacturer's claims for the various machines.

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

scientists into the efficiency of the different types of machines and

iv



the nutritive losses and feed wastages which occur with the various

methods of conserving grass silage, were used to develop synthetic

cost data and partial budgets for harvesting and storing grass silage

for different sized dairy herds on farms similar to those in the

survey.

The assumption, made in this study, that marginal costs are

constant over the whole range of output for a given system, prevented

true economic Optima or machinery capacity (where MVP = NFC) from

being determined. Instead "guesstimates" of this point -- referred

to as'bapacity limits" -- were made, beyond which it was considered

"uneconomical" to operate the system.

Recommendations, based on the survey results and the synthetic

data, include the use of custom hiring services and trench silos for

small herds, sharing of equipment and self feed bunker silos for

medium sized herds, and ownership of motor mounted forage harvesters

with large upright silos having mechanical unloaders and feed bunks

for the large herds.

The limitations of the study point to the need for more

interdisciplinary 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 harvesting, storing

and feeding grass silage and the agricultural economists Should under-

take exact measurement studies into the labor and machinery require-

ments at all staggs 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

INTRODUCTION

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 Fhller.l/

Some herds of the future may well be of a lOO-cow size and upwards,

operated by one man and maintained inailoose-housing, parlor milking set

up with milking rates of 50 to 60 cows per man hour. Duckhamg/ envisions

complete electronically controlled milking operations.

Low feeding costs will be essential in these future organizations.

It has been proved,ad nauseum, that grasses and legumes are the cheapest

source of feed for herbiverous stock. Large quantities of such feed 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 hS-year period reported by

3/

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

_1_/
 

E.I. Fuller, Some Labor Efficient Dairy Farm Operations Designed for

Michigan Conditions,Department of Agricultural Economics, Michigan

State University, Ag. Econ. 671;, April, 1957.

 

2/

'— A. N. Duckham, "Agriculture in the Early.Atomic Age", Agricultural

18:293. (1MB). Vol. III. No. 5, August, 1957.
 

3/

C. R. Hoglund, The Economics of Alternative Forage Systems, Department

of Agricultural Economics, Michigan State University, Ag. Econ. o7b,

April, 1957.
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IUtOESthat 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 of high feeding value and that the cost per feed unit compare favorably

with alternative feedingstuffs.

WOrk at Beltsvillel/ shows that more nutrients 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 matter 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 harvester was $8 per ton

whereas the average cost with another system.was 3h per ton."

 

_1f

/ J. B. Sheperd, et.al., "Grassland", USDA, Year Book of Agriculture, l9ho

2

I. F. Fellows, "Economics of Grassland Farming in the North East",

Journal of Farm Economics, Vol. Bk, 1952.
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Such facts are of little use to a farm Operator without reference

to the conditions and assumptions of the study. To organize a combina-

tion of men and machines to harvest the required quality of silage it

is essential that operators have reliable performance data available.

Considerable variations exist between data from past surveys and manufac-

turers' claims. These latter claim performance rates for forage harvesters

l/

between 20 and 30 tons per hour. A rate as high as h) tons per hour is

claimed for one recently introauced moael. Capacity for the complete

operation is more important than that of individual machines. Performance

results from previous surveys are summarized in Appendix Table l and range

from rates of l.h tons to 10.0 tons per hour for harvesting grass silage

from field to storage.

Objective

The objective of the study is to provide data on current performance

rates, and costs and profits from partial budgets which can be used by farm

operators to aid them in the decision making process involved in deter-

mining the optimum conbination of men and machinery required to maximise

profit when harvesting and storing a given quantity of grass silage.

Procedure

Performance data were obtained by observing grass silage harvesting

 

With direct cut material this would require the 8' chopper to travel

continually at h MPH in a ll ton crop of alfalfa with no delays for

turning at headlands etc. To achieve this rate with wilted material

would require h windrows each round and need 2 mowers and windrowers

to maintain this supuly? For the basis of this computation c/f R.T.

Burdick, A New Technique of Field Srop Labor Analysis, Colorado Agri-

cultural Experiment Station Technical Bulletin 30, June, l9h7.
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Operations on a sample of Southern Central fiichifah dairy farms, and

recording the labor and machinery requirements on a "time and motion

study" basis.

Various economic factors were considered. bince quality factors

have to be taken into account, relevant studies from other agricultural

disciplines were reviewed.

The data from the survey and the review of existing work were then

used to construct the synthetic cost curves and partial budgets.



CHAPTER II

ECONQJIC 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.

h) Capacity and performance of the machines.

5) Adaptability of machinery to varying soil and topographical

conditions.

6) Power available.

7) Other use of machinery either.fix'other crops on the farm or for

custom.work.

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 inputs in-

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

1/

 

L. A. Bradford and G. L. Johnson, Farm Management Analysis, John

Wiley and Sons, New York, 1953.
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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. if the worth of

a fixed asset becomes sufficiently 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 overestimated. 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 experienced in interpreting the

results of subtracting from this remainder arbitrary charges for portions

Of the fixed assets. This difficulty 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, for traditional or

other reasons, to price fixed assets, either (1) estimates of the dollar

productivity of the fixed assets or (2) axtdinnfly 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 laboréfle often ‘fixed'

for the farm as a whole. Existing harvesting machinery is often 'fixed'

and so to a considerable extent is any given method of harvesting and

storing silage once the Operations have commenced. 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 of the production relationship,

for the length of run under consideration, must be known. This implies

that the fixed 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 output.

 

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

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.

Magginal costs (MC) 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 meaningful only in the length of run
 

which fixes the components of 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

inputs 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 addition such factors as total annual use

and capacity within a given time period also have 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 offset 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 Opportunities have to be

considered; for instance, buying a smaller 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 form Of future weather conditions, price fluctuations 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 find 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

 

2], E. O. Heady and H. Jensen, Farm'Management Economics, Prentice - Hall

Inc., New York, l95h
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machinery is difficult to determine and no answer fits all conditions.

The best general assessment is that the rate charged should vary with

the amount Of capital available. If the farmer borrows funds to buy

machinery the actual interest rate which may vary from around 5 percent

up to and approaching >0 percent is the appropriate charge to make. If

he has funds over and above those used in the farm business the rate

charged should be the rate he could earn on an outside loan or invest-

ment. The use of the market rate of interest is most applicable to the

farm Operator who is not limited on capital and who does not need to

consider returns on alternative investments in additional fertilizer

applications, more livestock, buildings or other farm improvements. For

the farmer severely limited on funds, the 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 appropriate for machines

which require a high initial investment and where the service can be

custom hired without loss Of yield or quality. Practical difficulties

arise, however, in determining this rate.

In certain instances, high market rates will be applicable to the

farmer limited on funds; for instance if a certain piece of equipment,

such as a mower, is indispensable to his operations, a high market rate

may have to be paid to obtain the necessary funds. This will apply

particularly during periods of depression when credit facilities are

"tight."

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) Self ownership

2) Joint ownership

3) Custom hiring

h) Combination of self ownership and custom hiring

5) Combination of self ownership and custom work off the farm.

Various combinations of the above patterns are possible.

Custom Hiring

Some factors to consider in deciding whether to own or custom hire

machinery are:

I) Is there enough annual use to justify ownership?

2) Is the service available at the time desired?

3) Hill the delay of an operation result in quality losses great-

er than the savings offered by custom service?

h) Pride of ownership or personal desires.

5) Independence associated with owning the equipment.

O) Availability/of capital required for owning the equipment.

1

Frick and'weeks— state that "in general, a farmer can afford to

 

G.E. Frick and S.B. weeks, When to Hire and When to Own Farm.Equipe

ment on New England Dairy Farms, New Hampshire Agricultural Extension

Service, nxtension Circular 302, July, 1951.

The following formulas, whicn were derived from the work of Frick

and‘Heeks, can be used to determine the break-even point, i.e. the

number of annual hours Of use required to justify ownership of the

machine. At this point custom hiring charges and machinery ownership

and operating costs are equal. At the Break hven Point:

Cost per hour of 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 (AFC7— Even Point in hours of use.

Thus, if the custom rate = $10 per hour = ATC; AVC = $2 per hour;

and TFC, I ehOO per year; then

Break Even Point: = TFC hOO 50 hours

hours of use per year ATC - AVG = 10-2 =

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

(acres per year) Performance rate—(hours per acre)

Thus, if performance rate is 2 hours per acre

Break Even Acreage =.29 = 25 acres per year.

2
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hire when total cost of custom work for a single piece of equipment is

equal in value to the annual ownership, direct Operating, and labor costs

for using the equipment" i.e. custom hiring is justified when the cost of

owning and Operating the machinery is equal to or greater than the custom

rate.

Contract Operation

1/

‘Weeks and Prick consider that thenzare three types of farmers who

may undertake custom work (a) those who wish to perform a sufficient

IF

‘— S. B. Weeks and G. R. Frick, How to Fake Honey Doing_Custom Work,

New Hampshire Agricultural Extension Service, Extension Circular

303, July, A951.

 

 

In the case of (a) in the text the following formula may be used:

Break even point = Total Fixed Costs (TFC)_per year

(total hours of Average total Costs (ATC) - Average

use per year on Variable Cost (AVC) per hour.

and Off the farm)

 

1) Thus, if the rate chargen to perform custom work is s10 per hour =

 

ATC; AVG = 52 per hour; TFC = dOO per year then

Break even point=TFC = 8m = lOO hoursgper_year

ATC-AW 10-2

2) If performance rate = 1 hour per acre than

Break Even (acreage)=Break Even (heirs of use per year)=lOO= 100 acres per

1 year

3) The price to charge per hour for custom work can be determined

by the following formula:

Price

(Dollars = Total Fixed Costs (Two) (:3 per year)

per hour) Total Annual Acres 0: 1rd(Acres Per Year)+Average variable Cost

Performance rate (hours per acre (AVC)

(A per hour).

 

 

Thus using the above figures in (l) and (2)

Price = 800 (A per year)

(dollars per hour) lOO (acresAper year) + 92 per hour = $10 per hour

I (hour per 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 (0) those who wish to perform 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, if 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 performance 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 sample was not random but was roughly stratified to Obtain

representative data for harvesting and storing first cutting alfalfa brome

mixtures for silage on Southern Central'fiichigan dairy farms with specified

herd sizes and employing specified forage harvesters and blowers. Of the

189 farmers contacted partial data were Obtained from Bo and complete

data from 71. Contacts were Obtained from the Department Of.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;;/ 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, l9h7.
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previous surveys had indicated. It was assumed that the owners Of

such small herds who remain in milk production will avail themselves

Of custom hiring of forage harvesters and blowers in the future. Such

was the case for many of the small herds Observed. In other instances

such Operators had been able to buy second hand forage harvesters and

blowers.

The crop being harvested was usually first cutting alfalfa 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 Ampendix Table 5.)

Most Of the Observations were made during the period early June

to early July but, due to the wet season and conflicts with corn culti-

vating, many farmers were still harvesting first crop silage in mid July.

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

Procedure

The performance 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 followed through from cutting

to final blowing or unloading into the silo. In certain instances, the

various stages of the operation were continually recorded and composite

"runs" synthesized from the data.

1/2

—’ K. Vary,_fiay Harvesting Methods and Costg,‘kichigan Agricultural

Experiment Station, Special Bulletin 392, May, l95h; B. Bookhout

and K. Vary, "Farmers Experience with Grass Silage? Michigan

Quarterly Bulletin, Vol. 32, February, l9h9. .
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. l/
An attempt was made to utilize the technique Of "work sampling".

Unfortunately, due to the difficulty of Obtaining a vantage point from

which to view the complete Operation, it was only possible to Operate

this technique in cases where silage was being made in a field 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 Of silo and ownership

pattern Of the equipment used occurred with variations in herd size.

Horizontal silos occurred mainly 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_7

 

"Work Sampling" is a procedure for 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 from such Observations with the aid

Of physical data on the quantities handled during the Observation period.

The proportion of idle time involved at the various stages Of the Opera-

tion is readily determined by this technique. C/f. 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.

qurnal Of Industrial Engineering, Vol. 3 and h, May and June, l95h.
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sized herds, generally owned their forage harvesters, and tended to con-

serve chopped hay, while the larger herd owners tended to bale their dry

hay. Relatively smaller acreages of corn silage'wue 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 intensityl/ 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 byzgricultural 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

17

 

For an analysis of the importance and distinction between these factors,

c/f M.E. 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. 361
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of the chopper and 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 flow to a minimum.

A frequent cause of delay was the "plugging" of the blower elevator

pipe, especially with over-wilted material. In the field, slugging of

the chopper occurred from "badly laid" stands and from wads of material

in the windrows. Age of machine was a contributing factor to delays in

many instances.

Forage Harvesters

Variations in the potential performance of the different kinds of

forage harvesters rates ranged from 7.3 tons per hour with a h' 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). Host of the models

observed were of the P.T.C. 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 h 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

offset the additional costs arising from the power requirements for the

motor and the higher initial costs of the chopper. Output was no greater

with the motor mounted machines.

A major factor affecting output was the size and Shape of the field.

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 performance rates. It was often necessary

to run the direct cut choppers in one direction only, wnen the crop

was heavy and beaten down by weather.

'Where automatic hitches were provided, these reduced the time

required for changing wagons and, thus, resulted in a greater daily

capacity - an important feature where time is a limiting factor.

Many simple home made designs for hitches seemed as effective as

some of the more complicated manufactured articles. Where trucks

. were used, the delay caused by hitching and unhitching was obviated.

The trucks normally ran alongside the chopper although in one oper-

ation, using a direct cut rotary type Chopper, the truck ran behind

the chopper.

Yield per acre affected performance 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 which it was

better able to deal with it.

Ground speed had an effect on capacity and it was often dillicult

to syncnronise a suitable gear and ground Speed fer the tractor to what

seemed to be the best speed of operation for the chopper.

Hauling

The hauling distance did not seem to have as much affect on output

as would be imagined. Most of the time is involved in hitching, unhitch-

ing, positioning around the silo and waiting either at the field or silo.

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



actual distances, normally encountered on farms, do not affect capacity

of the operation to any great extent. Even farmers 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 hOU yard haul across uneven fields may take longer

than a mile haul along surfaced roads) 'The correction of the figures to

a hauling distance of 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 often 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 jeep, - as was observed in one cgse, - was

most efficient and enabled the load to be either emptied slowly for 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 o). 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 tote 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 of unloading into horizontals were greater than

with uprights and averaged 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 tOp when filling

was nearing completion. Generally, 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. when tipped, 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 of the

material was obtained by this means. The job was custom hired so that

the blower, which was part of the custom hirer's equipment, would otherwise

have been idle. Normally, investment in a blower specifically for 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 successful in

obtaining reasonably efficient choppers and blowers from second hand

sources. In the case of forage wagons many had successfully adapted un-

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 for 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 19h? Gehl motor mounted pick-up machine purchased for $2800.

Many farmers were operating 6 foot direct-cut P.T.O. models purchased

within the last few seasons for approximately $3000.

Blowers tended to be older than the choppers and many farmers

had changed choppers but retained their existing blower. Average age

was h.h years and average cost $598. Initial cost varied from $100

paid for a second hand International belt driven model purchased in

1950 to $1h00 paid for an Allis-Chalmers motor.mounted model purchased

in 1956. Several farmers 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 $39k, 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 of machinery. Costs

are based on the assumptions used in Chapter 5.

EARM A

This was a 600 acre farm with 100 milking cows in a stanchion barn

system and a further 100 heifers and steers in open barns. One hundred

seventy five acres of first cutting alfalfa and clover mixtures were

used for daily chOpping for dry lot feeding and for silage. About 900

tons of grass silage were put up in b upright silos - one 10' x h5',

one 12‘ x h5', one lh' x 60' and a newly constructed 16' x o5'. It is

planned to install a self unloader and auger feed bunks in this latest

silo for feeding the heifers and steers. Five tons of green foragewere

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

was 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 chopped with a 6-foot direct-cut P.T.0. Fox industrial chopper

purchased in 195h for $3000, which was coupled to the wagon, and powered

by an 1957 International h50 diesel tractor. The other man operated the

blower. Initially a Case belt driven blower was used but duringthe season

a Fox P.T.O. model was purchased for $825 and utilized for filling the

16' x 65'. One of the wagons was a lb' x 7' Gehl P.T.0. mechanical

unloading wagon purchased in 1957 for $1200 and the other a conventional
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lh' x 7' false end gate type purchased in 1953 for $500 and operated by

means of chains and an electric motor.

'When observed, harvesting was taking place on a level, hO acre

field of alfalfa brome mixture, situated 200 yards from the buildings,

The 12' x h5' was being filled by means of the Case blower powered by

a 1950 Cockshutt to. 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 of rope

attached to the pin. The full load was drawn to the blower by the brothen

using a 1950 Oliver 88 for the purpose. When emptied, "Purina" Bulky-

Less additive was spread on the floor and the wagon drawn away from the

blower for collection by the chopper operator at the exchange area. ‘When

filling the 18' x 65‘ sodium meta-bisulphite 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 1h.0 tons per hour. Unloading was easier with the Gehl

wagon and average potential rate of blowing was 17.1 tons per hour.

Average capacity from cutting to filling into the silo was ll.h 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.0. blower was used, the farmer estimated

its capacity at 30-h0 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 satisfied with the results from feeding

grass silage 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 of 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 costs.

FARM B

This was a 2&0 acre farm with 60 milking cows and 50 young stock

in a loose housing setup. Twenty acres of first cutting alfalfa were

ensiled in lh' x h3' upright for summer feeding. 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 l95h for t800, an International belt driven blower

purchased in l95h for $500 and three homemade false end gate type

wagons adopted from 1930 wagons at a total cost of $550.

The chopper, which had a wagon attached was powered by a l95h

International Super M and took an average of 18 minutes to chop a 3.5

ton load, - a potential capacity of 11.8 tons per hour. The man haul-

ing, using a 1930 International F30 tractor collected the loaded wagon

directly from the chopper. 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 two 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 raking. (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 h7 milking cows in a loose housing

system. Eighty-nine acres of 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 dry lot feeding is also practiced.

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

who operates a similar system of farming and silage making. Four men
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(two from each farm) operate two trucks and two tractors, with one man

on the chopper, one man packing at the silo and two men hauling with

the trucks. The chopper is a Lundell P.T.0. Flail type mooel purchased

in 1957 for @1130 of which the farmer paid one-half. One truck was

purchased in 1950 for 31000 and the other in 19b? for @750. The chopper

was powered by a l95h Farmall M with a truck following directly behind.

Average time to chop a 3 ton load was ten minutes and thus potential

capacity is 18 tons per hour. When observed, hauling distance was about

200 yards. Apart from one period when only One truck was in Operation,

(due to a broken transmission on the other) the Chopper 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 output of the system from 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 $1.10.

As an indication of the typical weather conditions which farmers had

to contend with in the 1957 season, of 17 possible working days between

June 25 and July 15, operations were rained out for the entire day on two

consecutive periods of two days. In the 2 days preceeding the former of

these periods, work was only possible for 1% hours each day. Thus, in effect,

harvesting was delayed for 0 working days. This may help to explain why

this farmer, and many others, considered that the silage made this year

was not up to usual standards. It also stresses the need for machinery

to be in a good state of repair where large volumes of silage have to be

made. On this farm the truck which caused frequent 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 achieved mainly as a re-

sult of the sharing and pooling of 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 farm of 130 acres with 13 dairy cows in

a stanchion barn. Eight acres of alfalfa 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. Equipment was all owned and consisted

of a h' Allis-Chalmers direct cut chopper purchased in 195o for $1500, a

Gehl belt driven blower purchased in l95h for $300, and a false and gate

wagon and electric motor purchased in l95h for $200. The hay baler, also

owned, was an International, purchased for $2300 in 1955.

The chOpper was powered by a l95b International Farmall M. The

average time to chop a 3 ton load was 2h 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 1h minutes i.e. a potential

capacity of 12.8 tons per hour. Thus, the whole Operation took 60 minutes,

and resulted in an output of 3 tons per hour which was the lowest figure

observed. However, in terms of output per man hour the figure of 3 tons

per man hour was well up to average. Unit costs for the 50 tons were $0.9h

per ton of which 00.20 were fixed costs for equipment.

Thus, this operation, although 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 for 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

thIJW 0r amLEVAhT bTUDIms BY 0THaR UIDCIPLINLS

The performance data presented in the previous chapter are only

part or the information - or "messages“£/- required by a farm 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 involved in the

process of ensilage, and it is desirable, therefore, to briefly review

some of the more important contributions made by these physical scientists.

Use will be made of thee data, in conJunction.with that presented in

Chapter 3, to develop the synthetic cost data and partial budgets to

be presented in Chapter 5.

Characteristics and Chemiqg;

Composition of Grass Silage

 

 

Although ensilage tends to be regarded as one of the developments

of modern agriculture, the process has been known since early Egyptian

and Roman times. Developments occurred in Europe in the 17th and ldth

centuries and by the end of the 19th century, the practice had become

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

2/
 

Fbr a presentation of a concept of the relationship between human be-

havior and the managerial process, and of the importance that information

or "messages", from various sources, plays in the decision making process

c/f K. Boulding, The Ima e, The University of Micnigan Press, Ann Arbor,

1956.

4:0-
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The more common green forages used are corn, sorghum, 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 Europe. A great deal of research work has been

undertaken into the various aspects of 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 alfalfa -

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 followed by

a series of reactions involving normal plant cell respiration which

utilizes oxygen and in turn is succeeded by reactions caused by anaerdbic

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 of carbohydrates. When an acidity of Ph 3.5 to h.O 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 aerdbic yeasts and molds. It is essential, therefore,

to exclude as much air as possible, by efficient 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 fed and only more recently has attention

been given to changes and losses in feeding value which occur during

processing and storage. Many reviews of the literature have been/pre-

’ '2

sented and those by Huffmanf/ Bender and Brosshardtg/ and watsoné

give good accounts of the work undertaken prior to 1939. (A table pre-

pared by the latter summarizing nutrient losses as reported 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

works was undertaken at Beltsville where preserving alfalfa as (1) field

cured hay, (2) barn dried hay, (3) wilted silage and (h) 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

 

1/7

—' C. F. Huffman, "Roughage Quality and Quantity in Dairy Rations -

/ 4A Review," Journal of Dairy Science, Vol. 22, November,l939.

2

—' C. B. Bender and D. K. 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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_1_/ 3/

Shepherd et. al. A table derived by Hoglund from this work appears

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 differences in feeding

value which occur with forages harvested by different methods are partly

due to differences in the stage of maturity, and hence quality of the

crop as harvested. Lutz and'Walcott in studies in the Upper Peninsula of

Michigan, an area subject to wet weather at harvest, reported 25 percent

more (h 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 of 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, leafiness, carotene content and

quality."

The importance of the stage of maturity as affecting quality of

 

l/i '

_’ Shepherd et. al., Experiments in Harvesting and Preserving Alfalfa for

Dairy Cattle Feed, USDA. Technical Bulletin 1079, February, l9Sh.
 

C. R. Hoglund, The Economics of Alternative Forage Systems, Department

of Agricultural Economics, A. E. No. 67h, Michigan State University,

April, 195?.

 

W. B. Lutz and A. R. Wblcott, "Seasonal Adaptation of Three Methods of

Curing and Storing Grass and Legume Forage as Requested in the Milk Pro-

duction of Dairy Cows? Michigan Agpicultural Experiment Station Quarterly

Bulletin, No. 32, November, 19h9.
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1/

forage harvested has been stressed by many writers; Hoglund et.al:-

concern themselves with this point in relation to all forages. Logang/

found little difference in chemical analysis and digestibility of 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.

Losses in Feeding Value

The losses of nutrients with grass silage vary depending on the

method of harvesting and storing. Losses may occur from (1) top

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. Monroeé/ has estimated dry matter

losses as 3 to o percent from top spoilage, 1 percent from seepage -

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

h/

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

_1_/
 

C. R. Hoglund, et. al. "Forage Quality and Protein Feeding of Dairy

Cows," Michigan Agricultural Experiment Station, Quarterly Bulletin,

/ Vol. 38:1February, 1950,

2

' v. 5. Logan, "Effect on Milk Production of Legume Silage Harvested

in Bud Stage versus Full Bloom Stage of Maturity of Alfalfa,"

Journal Dairy Science, Vol. 37, March, l95h.
 

_3_/

C. F. Monroe, et. al., "Losses of Nutrients in Hay and Meadow Crop

Silage During Storage," Journal of Dairy Sciencg, Vol. 29, April l9ho.
 

h/

‘— K. L. Turk, et. al., Effect of Curing Methods Upon the FeedinggValue

of Ha , Cornell Agricultural Experiment Station Bulletin 87h, August,

1931.
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actual losses o.t' dry matter with wilted silage as 5.0 percent from top

spoilage and 30.7 percent from all causes in 19h? and h.h from top and

33.h percent from all causes in l9h8. They estimated that with a good

silo losses would only have been 21.6 percent and 20.1 percent in the

two years.

1/

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.

3/
'watson reports losses of dry matter of 15.9 percent for ordinary

silage and 12.2 percent for molassed or acidified. His figures for

composition and digestibility of protein by different storage methods

are given in Appendix Table h. From this it can be seen that less

losses occur with upright silos than with trench an; stack silos --

3

these figures are for unchopped material. Hoglundf 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.

 

J. R. McCalmont, Bunker Silos, USDA. Agricultural Information

Bulletin No. 1&9, February, 1950

 

S. J. watson, op. cit.

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

i/

Archibald et. al;— consider that a gooo estimate of the quality

of grass silage can be obtained by determining water content and Ph

value. This point of moisture evaluation and control is stressed by

all writers. Shepherd et. al.2/ state that moisture content 01 the

crop at time of ensiling is the most important factor in determining

character of silage fenfintation, the extent and character of losses

through seepage and fermntation and quality of silage produced.

Moisture content should be from o5 to 70 percent for wilted and will

be 80 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

lh' x hO' upright may exude 1600 gallons of liquid through seepage.

Wiltipg Versus Direct-Cut Material

The practice of 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

 

J. G. Archibald, et. al., "Further Observations on Composition of

Grass Silage," Journal Dairy Science, Vol. 37, November l95h.

J. B. Sheperd, et. al., "Ensiling Hay and Pasture Crops, "Grassland,

USDA. Year Book of Agriculture, l9h8.

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 Daignycience, Vol. 25,

June, 19112 c
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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 additives were

necessary with the wilted material and no differences in acidity were

found between the high and low moisture silage. Murdoch et. alJE/

reported that over heating occurred with wilted material owing to

greater difficulties involved in excluding air.

Chopped and Unchopped Material
 

2/
Gordon, et. al. reported trials at Beltsville showing that

harvesting, silo filling and feeding of unchopped material was more

tedious than chopped material. Total losses of dry matter were 28.0

percent for unchopped and 31.0 percent for chopped material. More

air trajped 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

2/
trials by Murdoch et. al. confirmed the view that chopping or lacerating

gyr

 

J. Murdoch,et. al. "Ensiling of Lucerne with Addition of Formic and

Glycolic Acids, Molasses and Barley Meal and with Wilting," Journal

of British Grassland Sociepy, Vol. 10, 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 Daipy

Science, Vol. 39, June, 1950.

 

J. Murdoch, et. al., "Effect of Chopping Lacerating and‘Milting of

Herbage on the Chemical Composition of Silage," and "Ensiling of

Lucerene with Addition of Formic and Glycolic Acids, Molasses and Bar-

ley Meal and with Wilting," Journal of British Grassland Society, Vol.

10, No. 2, 1955.
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improves the quality of silage and also that losses of nutrients are

lower with wilted material. Murdochl/ makes the point that the decrease

in moisture content reduces the weight of 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, C5 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 Frushour%/ The authors

conclude from the results observed on farms over a'lO year period (l9h2-

1952) that "the simplest, most economical, most foolproof, 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 method, -- 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

 

335

J. C. Murdoch, "Recent Developments in Silage Making in Britain,"

.d/_Journal of Agricultural Engineering nesearch, Vol. 2, No. 2, 1957.

2

P. A. Whisler and G. V. Frushour, "Engineers Advance Art of Making

Grass Silage," Agricultural Engineering, Vol. 3h, May, l953
 





method. These findings in favor of direct cut material are in con-

trast to much of the experimental work, and the authors admit that

such conditions may not apply to all farms. (The present writer would

readily agree with this latter statement.)

In comparison between direct cut and 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 refill

when the silo has settled, and make maximum use of the storage facilities

available. The custom operaton,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 allows.

Additives

Considerable 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 of 05 to 70

percent then it can be "put up" without preservatives. In Europe where

most silage is made from.unchopped material, mineral acids (AIV) and
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molasses have been popular. Here in the UbA. phosphoric acid was used

at one periOd. However, much material is now ensiled without additives.

-L/

Gordon, et. al: reported a series of experinents to determine the

2/

effect on grass silage of using (1) corn meal (2) beet pulp (3) kylage

(h) recirculation seepage, as additives. The first two improved the quality

but consumption of dry matter was less, the 'kylage' made no improvement and

recirculation was impracticable because there was only slight improvement

in silage quality and the necessary equipment was costly. They concluded

that certain benefits would occur from their use with poor quality silage

but with excellent quality the limited improvement would not be economi-

cally justifiable.

_3/

Reaves and Brubaker in experiments in Virginia tested the following

additives for use with chopped alfalfa with over 80 percent moisture: -

none, molasses, corn and cob meal, brewers dried grains, beet pulp sulphur

dioxide and wilting.

The percentage moisture after 07 days (in order) was 79.2, 77.3,

70.1, 7b.9, 75.5, 76.2, 02.5.

The seepage in pounds and the percentage of dry matter in the seepage

was 12.7, 7.0; lo.b, 10.0; 0.7, 11.93 0.h, lu.l; 0.0, 0.0; 32.0, 7.7;

0.0, 0,0; thus, beet pulp and wilting seem to be effective ways to reduce

seepage losses.

Qpinions as to effectiveness of the more recently introduced souium
 

17 .
C. H. Gordon, et. al., "Some Experiments in Preservation of High fois-

ture Hay Crop Silage," Journal of Dairy Science, Vol. hO, July, 1957.
 

'Kylage' is a patented preservative, mainly sodium nitrite and calcium

formate in dry powder fo u.

I
L
.
)

\

P. N. Reaves and R. E. Brubaker, ”affect of Various Preservatives on

seepage from High Hoisture Silage,” Abstract of paper to bl A?”

Journal of Uairy science, Vol. 39, June, 1950.

’
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meta-bisultite differ considerably.

Noller and Lindquistl/ report that "silages made with chemical or

feed additives are usually more readily consumed than those made without

a preservative." This is primarily due to the type of fermentation and

its affect on the palatability of the silage."

They admit that reports on the palatability of bisulfite-treated

silages vary, although it is indicated that these silages not only re-

tain more of the nutrients in the original grass than silages made with-

out preservatives but that it conserves the more digestible fraction of

the forage. Data from a Purdue experiment indicate that consumption of

dry matter and milk production were essentially equal when cows were fed

a total ration of grass silage preserved with corn, molasses or bisulfite.

Murdochg/ 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.2/ in tests in Oregon

reported no significant differences in nutritive value between bisulfite

and dried molasses beet pulp as a preservative for high moisture alfalfa

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

ll?

 

C. H. 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 ACM, Journal of Dairy Science, Vol 39,

June, 1956.

 

P. A. Whisler, Private Communication dated September 2h, 1957.





-52-

treated with'bisulfite' treated admit little or no difference in feeding,

value but feel that the extra cost of the additive is warranted merely

to eliminate the odor which non-treated imparts to clothing and barns."

There was little agreement among the farmers in the present survey

as to the effectiveness of bisulfite but most considered it was worth

something to reduce the odor and most continued to use it once they had

started.

Use of 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 temporary

or permanent measures.

Larrabee and Spraguel/ reported satisfactory results with this

material when used in a series of eXperiments with "snow fence" surface

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

T7

 

‘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. to, July, 1957.
 



-Llj-

/

as covers for bunkers. Clear plastic is not suitable and a dark color

must be used. Two grades are available, a thinner "one use" type and a

thicker type suitable for several occasions - care will be necessary

in storing this latter to avoid tears etc. (A 20‘ x 100' x 0 mm. will

cost about 8C0.)

1/

Gordon and McCalmont reported somewhat similar findings 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.

Feeding System'fiastahes

Losses of feeding value due to wastage and spoilage depend upon the

2/

method of feeding. Foreman, et. al.—I in studies at Iowa reported the

following results from trials on soilage versus silage, and self feed

versus bulk feed.

 

Mean daily milk_yield filbs)

Soilage hh.5

Silage h1.3

Self Feed 30.2

Bunk Feed 3h.9

3/

wastages occur with self feeding systems. Walker - Love

 

C. H. Gordon and J. R. NCCalmont, "Improvement 0f Forage Preser-

vation in Bunkers and Stacks through the use of Temporary Seals,"

Abstract of paper to 52 ACE, Journal of Dairy Science, Vol. b0,

June, l957.

 

C. F. Foreman, et. al. "Comparison of soilage (chopped fresn alfalfa)

and alfaha silage for lactating cows," Abstract paper presented to

52 ACM, Journal of Daigy Science, Vol. h0, June, 1957.
 

J.'Ualker-Love, Observations on Self Feeding Roughage to Dairy Cows

in Loose Housing, Unpublished.E. S. Thesis, uepartment of Dairy

Science, Michigan State University, l95h.
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in a Michigan study with a self feed bunker system estimated that only

52.h percent of the quantity ensiled could be accounted for as actually

fed.

Summary on Feeding Value Losses and Nastages

The above is merely a brief review of the voluminous writings on the

subject of nutrient losses and feeding values of grass silage. It

should be sufficient, 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 produce 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 differences in the

reduction of nutrient losses occur from the use of the various additives.

Sodium meta bisulfite does seem to have a beneficial effect -- 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 of 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 Harvestinngachinery
 

There are various makes, types, and sizes of forage harvesters, blowers
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and wagons each having its own merits and capacity under given conditions.

Each manufacturer is striving constantly to make his machine turn

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

consequence there may be very little difference in efficiences between

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

not know it and generally 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 of some cutting or

lacerating mechanism and elevates it by means of a blower directly into

a wagon or truck running behind or alongside the chopper. These then

empty the chopped material either directly into the horizontal type silage

or by means of a blower or elevator into upright silos.

According to De Longl/ the first 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 propelled

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 windrows. During recent years direct

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

 

ll
H. H. DeLong, Field Ensilage Harvester Qperation and Costs, South

Dakota Agricultural Experiment Station, Circular 90, September, 1951.
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The forage harvesters has few unique mechanical developments, 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 little since early days. The two conventional 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

perpendicular to the plane of rotation. More recently, a further type

(3) which lacerates, instead of cutting, the forage has been introduced.

This operates on a rotary principle with a series of beaters or knives

and is an outgrowth. of a type of stalk shedder. A type (b) developed

recently in England (some of which are in Operation in the UsA.) also

lacerates the material by means of cutter knives attached to a plate

revolving in a horizontal plane.

A feature of most choppers is that they can be used for chopping,

(l) grass, corn, sorghum, oats and other small grains for silage;

(2) dry hay, and (3) straw and corn stalks and cobs for bedding. This

multi-use is made possible by the use of three detachable "heads"

("Corn," "Rick up heel" 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 of invest—

ment costs.

Although forage harvesters are initially relatively expensive they

do replace much of the arduous labor involved with the older methods of

silage making, unfortunately still practiced in many parts of the world,
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besides replacing such previously needed machines as green crop loaders,

1/

ensilage cutters, corn binders, etc. As Cunningham and Fife remark

"Probably no other major machine introduced into dairy farming during

recent years has resulted in such a large saving in labor as has the field

2/

chopper." This point has also been stressed by Dullee,_' Davidson, et.

_3_/ _li/

al., Nhisler and many others. However, if the labor saved cannot be

used to advantage somewhere else on tne farm or marketed then it should

be ignored in any analysis of the costs and savings resulting from the

use of forage harvesters.

The rotary flail type choppers are the least expensive but tend to

be more limited in their use. Although "Corn Heads" have been developed

for use with these latter models they do not seem to be so successful

for corn silage as those used with the non-rotary models.

The greater capacity and output, within a given periOd attainable

with a.forage harvester does enable more grass and legumes to be

harvested at the correct stage of growth to obtain the maximum nutrient

content.

By harvesting quickly and early, the second cut is given a longer

growing periOd and tnus the total supply 01 nutrients prOduced per acre

in a season is greater than it would otherwise be.

 

L. C. Cunningham and L. 5. Fife, op. cit.

F. W. Duffee, "New Developments in Forage Harvesting," Agricultural

Engineering, Vol. 2h, June, 19h3.

 

 

J. B. Davidson, et. al., "Labor Duty in Harvesting of Ensilage,"

Agricultural hngineerigg, Vol. 2h, September, 19h3.
 

P. Whisler, "The Field Forage Harvester" Agricultural Engineering,

Vol. 26, November, l9h7.

 



-58-

Power Requirements

Power requirements for forage harvesters vary with type and size.

1/

Blevins and Hansen— point out that each time the forage undergoes a

change in direction a certain amount of power is required to produce the

change. Power is required (1) by the feed mechanism, (2) to cut the

forage, (3) to accelerate forage, (h) to move air, (5) to overcome the

friction of forage against stationary parts of machine (6) 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 type of forage and rate of chopping 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 discharged instantly from the cutting unit allowing no time

:for frictional drag or excessive velocity increases.

This ideal is met to some extent by some of the rotary flail type

(:hoppers where the design eliminates much of the friction against the

Iian and cutting housing which occurs with conventional mOdels. Bockhop

aund Barnesg/ consider this type has a higher capacity than the conventional

kuarvester because of its relatively simple design. In analysing the power

1?enquirements for this type or machine they concluded that it can be powered

133r 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"

22/, Agricultural Engineering, Vol 37, January, l9Sb.

C. W; Bockhop and K. K. Barnes, "Power Distribution and Requirements

of a Flail type Forage Harvester," Agricultural Engineering, Vol.

37, July, 1955.
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a high capacity a 3 or h plow tractor will be required. A h plow

tractor is essential for some of the more recently introauced higher

capacity conventional models.

Some doubts have arisen with the use of the flail type model:

because of differences between lacerated and chopped material. Cowan,

Barnes and Allenl/ conducted field and laboratory experiments with the

two types of Silage to determine what, if any, were the main differences.

In a trench silo, a 2-year study showed no difference between the silage

in carotene, crude protein, dry matter and Ph. In the laboratory study

shredded was found to have a lower Ph, higher carotene and higher level

of acetic and butyric acids than chopped. However, because of the

differences in compaction which occur in the laboratory and the field

silos these differences, which would seem to favor shredding, were

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

found in the field scale silo.

Hauling Units

Relatively little research work has been undertaken into the various

methods of unloading'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

l7fi'

A. M. Cowan, K. K. Barnes and R. S.Allen, "An Evaluation of Shredded

Legume-Grass Silage," Agricultural Engineering, Vol. 3b, August, 1957.

 

 

2/

-' E. J. Bayer, "Results of Tests on.Mechanica1 Loading Devices for

Chopped Forages," Agricultural Engineering, Vol 30, May, l9h9.
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difference in power requirements or performance with the two methOds.

FUrther tests with 10 different combinations of unloading equipment and

wagons showed no significant differences 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 (l) belt drive, (2) mounted motors, and

more recently (3) tractor PTO's. According to Raney and Liljedalll/ the

power requirements of most currently produced forage blowers are exces-

sive for the usefhl work done and mechanical efficiences are in the order

of only ten percent. The reason for this low efficiency is similar to

that with forage harvesters, namely the friction between forage material

and machine housing.

The feed syStem from the collecting tray to the fan may be either

anger or belt type. In many cases spilling occurs at the collecting

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 3o tons of alfalfa

silage per hour%/ Filling of upright silos can also be undertaken by

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

silos.

 

_l/

J. P. Raney and J. B. Liljedall, "Impeller Blade Shape Affects Forage

Blower Performance,” Agricultural Engineering, Vol. 38, October, l9b?.
 

Agricultural Reports, File 20.00, August, 1957.
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Previous Studies on Grass Silage Harvesting_

Previous studies on forai? 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 performance rates are now somewhat higher. On the basis of per-

formance rates and cost data applicable in 1950 Bookhout estimated that

at least 75 hours annual use were needed to justify the purchase of a

small chopper (31750) and 125 hours for a large chopper ($2800).

Summaries of the performance rates derived from these, and other

studies,an%3presented in Appendix Table 1. Observations of silage

2/

operations in Michigan have also been reported on by Fuller;—

 

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

. Silage," Michigan Agricultural Experiment Station Quarterly Bulletin,

Vol. 32, May, 1950. B. R. Bookhout, "Can You Afford a Field

Chopper," Michigan AES. Quarterly Bulletin, Vol. 33, August, 1950.

l. L. Vary and B. R. Bookhout, "Farmers Experience with Grass Silage,"

Michigan AES. Quarterly Bulletin, Vol. 32, May;l950, K. L. Vary, "H32

HarvestingJNethoas and Costs", Michigan Agricultural Experiment Sta-

tion Special Bulletin 392, May, l95h.

E. I. Fuller, op. cit.



CHAPTZR V

PARTIAL BUDGETS AND SYNTHETIC COST 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 field and storage losses to a minimum and at the

same time avoiding excessive labor and machinery costs. It also involves

producing combinations of crops which yielialarge quantity of feed

nutrients per acre.

Because conditions vary from farm to farm, no one forage harvesting

pattern is best for all situations. Combining of men and machines into

economical patterns is as important as the capacity of the individual

machines.

y

Several approaches to the problem have been made 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 of men and machinery within a given system.

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

harvesting systems with varying combinations of men and equipment will be

l

-75 R. G. Kline and'W. W} McPherson, An Economic Analysis of Forage

Harvestipngossibilities, Department of Agricultural Economics,

North Carolina State COllege, A. E. Information Series No. 55,

February 1957; L. C. Cunningham and L. S. Fife, An Analysis of

Forage Harvesting Patterns on New York Dairy Farms, Cornell

Agricultural Experiment Station Bulletin 917, Octdber, 1955.
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developed.

Limitations to the_Approach
 

A limitation to this approach is its implicit use of a static

theoretical framework. Static economics assumes single valued expecta-

tions in a timeless and cnangeless enviroment which is not found in

agricultural proauction. In this study, the position and shape of the

cost curves for the varying combinations are derived for a given range

of technologies with no consideration of risk and uncertainty in the

operations. However, construction of optimum organization under the

assumptions of static theory, permits some worthwhile comparisons be-

tween alternative systems.

A major weakness in all approaches lies in our imperfect knowledge

of physical prOduction functions and of price relationships. The stand-

ards of performance, assumed prices and other data presented in this

study alleviates this limitation to some extent and makes possible com-

parisons which are not confounded by these two variable elements. They

also permit the testing of the influence of the particular variable

when other variables are held constant.

A weakness to using standard rates of performance is that even in

a very large survey,- which the one undertaken here was not - only a

relatively small proportion of all the possible combinations of men and

equipment and performance rates are observed. It is also possible that

farmers have not put these resources together in optimum conditions.

Partial budgeting provides a method by which an approximate solu-

tion can be reached when alternatives are limited to combinations of
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a relatively few important variables and When other variables are held

constant. The location and shape of the synthetic cost curves for

different farms can becbrived for only a few types of situations and the

selection of important conditions and variables to be tested is critical

to the usefulness of the analysis in solving management problems.

Assumptions
 

The following assumptions are made in this study; they are based on

(1) typical data from the survey, (2) data from relevant related studies%/

and (3) discussions with members of the Department of Agricultural

Economics:

1. Distance of hauling from field to silo averages 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, Michigan.Agricultural Experiment Station Special

Bulletin 392, May l95h; R. G. Kline and W. W. McPherson, An Economic

Analysis of Forage Harvesting Possibilities, Department of Agricul-

Economics, North Carolina State College, A. E. Information 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 Efficiency on New England Daigy

Farms, New Hampshire, Agricultural Experiment Station Bulletin 307,

May, 195h; R. E. Marx and J. w; Birkhead, New Harvesting Methods and

Costs, U.S.D.A. Circular 868, June 1951; J. Ulvilden and C. H. Benrud

Farm Labor, Power and Machinepy Performance in East Central South

Dakota, Department of Agricultural Economics, South Dakota Agricul-

tural Experiment Station, Circular 131, May, 1950; 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 l95h and 1955,_ Michigan State University,

Cooperative Extension Folder, Fhlol; A.Epp. Cost of Operating

Machinery on Nebraska Farms, Nebraska Agricultural Experiment Sta-

tion Bulletin L13, September 1952.
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For wilted silage picked up from windrows costs of mowing and

raking or windrowing are not included. An estimated cost for

mowing and windrowing would be 25 cents a ton.

Direct costs - Annual fixed costs of forage harvesting machin-

ery, to cover depreciation, interest, taxes, housing and repairs

are based on the following rates on the initial investment:

Forage chopper (conventional) 17.0 percent

Forage chonper (rotary) 17.0 percent

Blower, Belt, PTO or motor mounted 17.0 percent

wagons and unloading equipment 1h.0 percent

Trucks 1h.0 percent

Upright silos 5.0 percent

Horizontal silos 10.0 percent

These figures are considered average rates over the life of the

machines. They would be too high were the machines 10 years old

but as stated in Chapter 3, average age of choppers was 3.8 years

and for blowers h.h years. The rates, therefore, would appear to

be appropriate. Many wagons are adaptations to existing equipment

which may be 10 years old or more. However, since repairs due to

overloading etc. were frequent with this type of equipment, the

rate used is considered appropriate for operations similar to

those in the survey.

Variable Costs:

Power Costs: 2-3 Plow tractors 41.00 per hour
 

h Plow tractors $1.25 per hour

These figures cover depreciation, interest, taxes, housing repairs,

oils, grease and fuel.

Difficulties arise in pricing tractor hours since during oper-

ations one or more of the tractors may be idle at various periods,

e.g. the tractor powering the blower may be switched off between



0.

.b0.

loads, a hauling tractor may be idle during unloading etc. The

above figures, however, are considered typical for the system

observed.

Labor Costs: - pl.25 per hour

This "price" to apply to all hired labor, a Charge for the

operator, and any adult family labor.

l/
The Wafley-Johnson estimate of the annual marginal value

productivity of labor on Ingham County dairy farms, on Miami-

Conover soil in 1952, of 67 cents per day would not be appropri-

ate for this study, since during peak perioas of labor demand,

the marginal value prOductivity of labor will be higher than

for the year as a whole. Other reasons for adopting the figure

of $1.25 per hour are (l) the casual labor rates are higher at

such peak perioas, (2) that the costs are supposed to reflect

future price conditions rather than historical conditions. It

seems reasonable to presume that both the price of casual labor

and the marginal value proauctivity of labor may be higher

_2_/

in the future. Fuller has considered ways in which this

latter possibility may be accomplished.

Total harvesting costs are the combined costs of machinery,

power and labor costs. Average total costs are total costs

divided by output (tons) and are the sum of average fixed and

average variable cost. Average total costs per ton are derived

by dividing annual fixed costs by total annual tonnage and

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

 

l/' G. E. Schuh, op. cit.

g/ E. I. Fuller, op. cit.
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dividing operating cost per hour for labor and power by the

capacity in tons per hour.

Average Fixed Costs (AES in g per ton)=Tota1 Annual Fixed Cost $

Total Cutput (tons)

 

Average Variable Costs (AVG in 6 per ton)=Iadfine§pemihwzChamps ¢

' r“ . f -.~
H Laoor Charges \gEfl‘DOL)

Cutput per hour (tons per hour)

 

 

Synthetic Cost Curves
 

Synthesized average total costs schedules for varying quantities

of output, are presented in Tables 10 and 11. Great care is necessary

in using these, as their nature depends on the assumptions for perfor-

mance rates and investments costs. hodifications have to be made before

applying them to any given farm conditon. The particular cost schedules

presented here are mainly for illustrative purposes.

The performance rates and investment costs for the combinations

of men and machinery given in Table 11 may be considered typical

figures for medium, and large sized dairy farms in South-Central Michigan

where grass silage has been made with forage harvesters and blowers, for

more than one season. The figures are based on the survey data presented

in Chapter 3. It is considered that the rates used have application to

similar farms in other areas. The average performance rate for all methods

of harvesting and storing was 9.1 tons per hour, with a typical size crew

of 3 met; 2 wagons and 3 tractors.

Limitations of Cost Curves

A fundamental weakness of such schedules and cost curves, as
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normally presented, is that the method used to determine average total

costs assumes that the output per hour for the given combination of

labor and power with the fixed amount and type of machinery is constant

over the whole range of total output. Thus, marginal and average variable

costs will be constant and equal. Graphically, as in Figure 1, Average

Variable Cost (AVC)(1) = Marginal Cost (MC)(1) for any output OY. Aver-

age total cost is then given by ATC(1),

However, quality considerations have to be taken into account in

conserving grass silage. As indicated in the previous chapter nutrient

content, decreases with advances in the stage of maturity of forage

crOps. This decrease is more rapid with grasses than legumes and hence,

a slightly longer period is available in which to harvest the latter.

However, in both cases decreases occur and hence, in terms of the cost

of feed nutrients, rather than of more bulk of green material, marginal

costs will not be constant but will tend to increase3i£g the marginal

cost curve will tend to rise.

A factor causing further increases in marginal cost is that as

total output. with any given system, increases minor delay from mach-

inery breakdowns etc. tend to increase. This decreaas rates below the

camnant figure assumed for the cost data. Other decreases may occur

from such reasons.as the difficulties which occur with hauling loads

over horizontal silo when filling is near completion etc. Variations

in performance rates also occur within any given period of the total

Operating time;thu3rates are often slower 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 marginal and average variable costs are

not constant and equal;thus, in Figure 1 they may more correctly be

represented as AVC(2) and HC(Z). Average total cost would then be

ATC(2). If it is assumed, that,in the long run, all the fixed assets

in the system have been correctly priced, ie,all earnings correctly

capitalized, then on the basis of the theory of the firm, as develOped

within a static framework, the marginal value product (MVP) of the

harvesting services prouuced by the system will interest the marginal

cost curve at the point P2, where the marginal and 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 for the

system, ie,it is the maximum profit point on the production fUnction

and the output CQ2 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 OQ2. 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); in this casq.the average total cost curve has not been

drawn.

This analysis assumes that more than one point on the production

flxxtion has been determined for each farm. To do this would involve

many practical difficulties of recording the complete operation in de-

tail, chemical analyses, and feeding trials etc.
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In this study a best estimate of only one point on the production

function is obtained for each farm and the marginal cost for a system

determined from such single point estimates for a number of farms.

Thus, the survey data is severely limited since it was not obtained and

presented in a manner which enables the true marginal costs of the

systems to be determined. The best estimate of the marginal cost is

assumed to be FC(1) but since the average total cost curve AT3(1) is a

rectangular hyperbola, asymptotic to this marginal cost curve (E31), in-

tersection of the two curves, and the determination of economic capacity

of the system, is impossible. Therefore, estimates referred to as

"capacity limits“ have to be made of the economic capacity, by arbi-

trarily fixing levels of output, such as CQ1 in Figure l, at which it

is assumed that the marginal value product (TV?) of the system is

equal to the marginal cost and also equal to average total cost. (Such

"capacities" are Often converted to "working days" on the basis of

constant performance rates.)

As drawn in Figure l, 021 will always tend to be at a greater

level of output than OQ2. However, with EC(3) where it is assumed that

M01 has been placed at too high a level, the "economic capacity" OQ3

could be at a greater level of output than OQi - the estimated capacity.

Analyses using "imperfect" data from single point estimates are

too frequently undertaken.

Figure 2 shows two sets of cost curves for two hypothetical methods of

harvesting determined in this manner. Hethod A(1) may be considered as

utilising existing machinery, with a relatively low output with marginal cost

MC(1) and average total cost ATC(1). System 8(2) represents a method
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with newer more expensive machinery capable of higher output. With

this, marginal costs MC(2), will be lower than FC(1), due to higher

performance rates, and the average total cost ATC(2) higher than

ATC(1) for low levels of output, because of the relatively higher

fixed costs incurred at these levels.

At first glance it would appear that a farmer faced with the

choice between these two methOds for harvesting would choose method A

for outputs up to output 0&1; - 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) of method A

is equal to the average total cost of method B. This principle will

apply whether constant marginal costs as in Figure 2, or increasing

or 'true' marginal costs MC<2) in Figure l are being considered. The

reason for this is that when new machinery is purchased all factors

are variable andzil costs become variable costs; i.e. the average total

cost becomes the marginal cost. Thus, for outputs 022 _ OQl the marginal

cost under method B is give by Png. Since this is higher than the

marginal cost MC(1) of method A it will not be profitable for the farm-

er to change methods until output OQ2. Beyond this point NC(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 total 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 Kethods

In Tables 10 and 11 the total "capacity of the combinations is

assumed to be thfl,attainable in a periOd of ten working days of 8 hours

each. Ten days are chosen as this is approximately the perioo avail-

able during early June when high quality silage can be made and as

such is an estimate of the "true economic capacity" of each system.

Delays due to wet weather may result in the output within the period

being reduced, or the quality of the silage reduced, if the 10 working

days have to be extended over a longer period. Capacity will also be

reduced when only 0 hour working days are possible. This is oiten the

maximum time available on the smaller dairy farms where chores have to

be done. The farms envisioned in Table 11 are large scale operations

where breaks for Chores may not occur since a separate field team could

be used.

The cost curves developed in Figures 3 and h 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

different machinery patterns do not occur within meaningful levels

of output. In Figure 3 point P between methous 3 and b (where the

same chopper and blower is used with different combinations of men

and wagons for filling an upright silo with wilted material), snows

that up to an output of approximately 270 tons, combination III gives

the lower average total cost. If the farmer were already Operating

with h men and 2 wagons it would be profitable for him to continue with

that system up to the output where the marginal cost curve of system

III intersected the average total cost curve of method IV, before dis-
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pensing with the fourth man and purchasing an addition wagon. But by

assuming constant marginal costs this point will be beyond a meaningful

output. Thus, "capacity limit” estimates have to be used to determine

when to change systems -- as the X's in Eigures 3 and h indicate.

For a larmer contemplating silage making for the first time, the

marginal costs would be lowest for system VI, - 3 men and 2 wagons with

a direct cut machine and a horizontal silo. Feeding value dilferences

between these systems may, however, result in the real marginal cost ior

system VI being higher than that Ior III or IV.

In the case Ol custom hiring (system V), marginal cost is equal,

to average total c0st and this is lowest Ior outputs up to approximately

250 tons with horizontal silos and 370 tons with upright silos. However,

timeliness is important in determining quality and since custom hiring

often results in delays before operations commence, the reduced quality

of the resulting product may more than offset the lower unit costs.

In general, it will be seen from Table l0 and ll that little

difference in unit costs occur when the same harvesting equipment is

used with varying quantities or power, labor and hauling units. Although

differences in average variable costs occur as the amount of labor, power,

and consequently, performance rates alter these are largely masked by

the relatively high proportion of fixed costs which occur at any given

output. This applies particularly at the low levels or total output

where considerable increases in performance rates have to occur before

any appreciable effect 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 output and use of machinery
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must take place. This use may be in any of the forms previously

mentioned - i.e. daily chopping of forage for dry lot feeding, a high

acreage of grasa corn, oats, sorghum, etc for silage or the use of

chopped straw and corn stalks for bedding. Similar results may be

obtained through custom operating, or Sharing equipment with neighbors.

Though performance rates used in Table ll appear rather high,

they are capable of being attained within the near future with mach—

inery of high capacity -- and high cost -- now being developed to an

increasing extent. The machinery envisioned is a high capacity

ch0pper requiring a h plow tractor for power operating, a PTO blower,

and 3 self unloading wagons. These latter would enable the blower to

operate to full capacity since, emptying from a chute at the side

they could be driven up directly to the end of the blower's collecting

tray. The delay caused with rear unloaders of having to clean up, then

lift the tray clear, backing wagons into position, etc. are all

obviated and the spilling of chopped material which may occur with this

fast rate of filling can be kept under control by the blower operator as

the wagon is unloading.

The high investment cost of the machinery will necessitate high

total output - as can be seen from the cost schedule for combination

I - if unit costs are to be kept to a reasonably low figure. The

advantage which the sharing of such expensive 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 >0 percent. However, capa-

city is also reduced.
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Combination IV shows the slight reduction in unit costs which

occur when a horizontal silo is used instead of an Upright. The

tractor needed for packing could be in continual use since the self

unloading wagons would be powered by the hauling tractor. In some

cases, 2 tractors may be necessary in silos of this size.

Combination III shows the results of using a rotary flail type

chopper. This type has a lower initial investment cost and is more

suitable for use with horizontal silos. Difficulties have occurred,

however, with feeding lacerated material from bunkers.

The average total cost curves together with capacity levels for

combinations I, II and III are given in figure h. Thus, at 1200 tons

a farmer operating system III would have to change to system I, since

1200 tons is the assumed level at which the marginal cost of III inter-

sects the average total cost (= marginal cost) of the new system I.

When observing these cost curves it is essential to bear in mind;

(1) that in their construction marginal costs are assumed equal to

average variable costs whereas in fact as output increases marginal

costs probably increase, (2) that the cost curves do not necessarily

compare identical preducts or identical production functions. Thus, for

any given output, the silage which results from using combination III,

although lower in average total cost than that from II or I may be con-

sioerably lower in feeding value. In terms of cost of feed nutrients III

may well be higher than II or I and the subjective value which the

farmer may place on reducing the risk involved in producing a high feed-

ing value silage may? more than offset the lower unit costs of 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

tq such as high use for 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 Budgets
 

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 for 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 of the product.

This is not easy to determine in advance, as chemical analyses are often

misleading, and the real quality can only be determined from its effect

on milk production. This is difficult to determine as many other

factors besides silage quality affect 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 studiesl/ the low investment cost combination of green crop

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

 

R. G. Kline and W. W. McPherson, op. cit.
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all levels of output up to approximately 1000 tons, but "capacity" is so

low that only very small amounts could be harvested in the available

period.

Similarly the cost curves developed above have shown that the

direct-cut rotary type chopper used in congunction with a horizontal

silo gives the lowest unit costs in terms of tons harvested but, as

pointed out, this does not necessarily mean least cost in terms/of

feed nutrients or milk production potential. Ross and Fellows; in

their budgets considered that by eliminating weather losses, grass sil-

age increased milk receipts by 16.5 percent. However, differences be-

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

as some of the data in Chapter b indicated.

Evaluation Problems

A major difficulty, in considering quality differences between

forages, is determining a method of evaluating the original product.

As Hadley and Suterg/ observe, the value of any commodity is always

considerably influenced by the time, place, and form 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 form disadvantages

1F

 

V. E. Ross and I. F. Fellows, An Economic Evaluation of the Barn-

Finishing Method of Harvesting Hay, Connecticut Agricultural LX-

periment Station Bulletin 227, April, 1951.

 

 

2/

—' N. S. Hadley and R. C. Suter, “What is Silage worth," Symposium

on Silage, Department of Agricultural Economics EC-lhb, Purdue

University, April, 1957.
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because their use is limited to livestock farming.

Johnson and Hardin£/ have presented an analysis of the problem and

concluded that an acre of harvested forage should be valued at (1) not

less than the highest net value realizable by disposal-salvage value,

(2) not more than the cost of acquiring by the most economical means

available additional forage units or their equivalent- acquisition cost,

(3) the value through use - the marginal value prOduct - if this falls

between the limits ofl1)and.(2) above. They concluded, - on the basis

of the wagley study- - that the MVP of an acre of forage was $1h.00,

Assuming that values then, and in 1957 are approximately the same, an

estimate,based on this latter figure,of p7.00 per ton was determined as

an appropriate value to place on one ton of wilted grass silage stored

in an upright silo. Assuming LOO pounds TDN per ton of wilted silageé/

then the unit value of TDN in silage would belYS cents per pound.

As indicated in the previous chapter, variations in the TDN and

protein content of grass silage occur depending on the stage of maturity

at harvesting. In general, protein content is higher'Uweearlier the

harvest, but total dry matter, and possibly TDN content, increases with

stage of maturity.

Typical dry matter losses, for different harvesting and storing

 

G. L. Johnson and L. S. Hardin, Economics of Forage Evaluation,

North Central Regional.Publication No. h8, Published as Purdue

Agricultural Experiment Station, Bulletin 023, April, 1955.

R. V. Wagley, op. cit.

Based on figures appearing in Tables by F; B. Morrison, Feeds and

_Eeedingér Abridged, Eighth Edition, Morrison Publishing Company,

Ithaca, 1950.

 





methods may be as follows:

‘Wilted Material Direct-Cut Naterial

(Percent) (Percent)

Upright Silos 12 25

Horizontal - .l/ 30

Thus for every 100 tons of wilted grass silage stored in an upright silo

the following additional quantities and acreages would be required by the

direct-cut methods:

Wilted Katerial Direct-Cut Material

Upright Silo Upright Silo Horizontal

Tons 100 113 118

Acres 12.5 lb.1 lh.75

(Stons 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 different sized dairy herds, are presented below.

The assumptions on costs and performance rates are based on those pre-

sented in the early part of 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

l/i“

Although instances were observed, in the survey, of the use of wilted

material with bunker silos, the practice is not generally recommended

because of the difficulty involved in effectively "packing" the

wilted material.
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alternatives possible on each farm. In each case, harvesting wilted

material, stored in an upright silo - Method A - is budgeted first.

This method, results in least loss of nutrients (but highest costs for

harvesting and storing), and is, therefore, 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 Method

A. The figures given for Methods B through D are the equivalent amounts

and additional acreages (assuming 8 tons of wilted silage per acre) that

would be required, after 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, will increase. Storage costs will also

increase. Item 7 in each set of budgets shows the difference in total

costs for harvesting and storing between Method 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 $30$/- (based on filo for land charges

and th 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, reductions in harvesting

and storing costs are more than offset 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.

QQr

 

This is approximately the same figure as that for current conditions on

Southern Michigan farms as determined by C. R. Hoglund and R. L. Cook,

Higher Profits from Fertilizer and Improved Practices, Michigan Agricul-

tural Experiment Station, Agricultural Ecbnomics ShS, October, 1950.
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Feeding costs have also to be tahen into account and where these are

low, as in self feeding systems, they may offset any other cost and value

differences. If we assume a price for labor during the winter period of

80 cents an hour, then over zho days, a possible reduction,with self feed

methods of only 30 minutes labor per day would amount to $90.

The Farms

Hypothetical farms have been used as a basis for evaluating the

alternative harvesting and storing methods. 'With the exception of the

250 cow herd, similar operations were observed on the survey and, in

effect, each set of budgets is a composite presentation of practices on

several actual farms. More meaningful alternatives can be considered by

doing this since limitations often occur on actual farms which prevent

some alternatives, which may have wide applicability, from being feasible.

Only brief details of the hypothetical farms are presented below as it

is hoped that the budgets, all constructed in the manner described,

are self explanatory.

Farm A

The results of considering some of 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 summer period and to refill the silo

in the fall with corn silage are considered in Table 12. Storage for

the required b0 tons could be provided either by a 10' x 35' upright

or by a 20' x hO' trench silo.

It is assumed that the machinery is purchased second hand at

auctions etc. and that the team is made up of 3 men, 2 wagons and 3
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Machinery Ownership Self-Owning Self-Owning Custom Hire Custom Hire

 

 

 

 

 

 

 

 

 

 

 

 

Type of Material ‘Wilted Direct Cut wilted Direct-Cut

Type of Silo Upright Trench Upright Trench

Tons Required 00 70.6 00 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 Costs 102.>0(2) 137.oo(3) 7d.uo(h) 83.o9(b)

2. Total Variable .

Costs 57.6u 59.7u 27.00 25.90

3. Mowing and

Windrowing Costs 15.00 - 15.00 -

b. Total Harvesting

Costs 235.3h 190.7h 120.00 112.05

5. Storage Costs 17.50 2.95 17.50 2.95

b. Total Harvesting and

Storage Costs 252.8h 199.09 137.50 115.00

7. Comparative Total

Cost to Method A - ~53.15 -115.3b -137.2h

8. Estimated Value

of Additional Land '

Requirements - +h0.50 - +hO.50

9. Net Costs

(8 - 7) - -12.05 ~115.3h -9b.7h
 

(1) Crew: 3 Men, 2 Wagons, 3 Tractors.

(2) Initial Cost: (Second Hand) Chopper @1200, Blower 3300,

Each, (lO'xBS') Silo.

(3) Initial Cost: (Second Hand) Chopper 41200, - _

Each, (20'xh0'xh') Silo.

Wagons @250

Wagons @250

(h) Custom Rate: 413 per hour - High Capacity Equipment - Farmer Provides

2 Men, 2 Tractors.
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tractors. The fixed costs are based on a machinery use for b0 tons of

grass and b0 tons of corn silage. If the 60 tons of dried hay, required

for winter feeding, were also chopped, fixed costs would be reduced by

$5h.50. This is not sufficient, however, to bring total harvesting costs

with owned equipment below those for custom hiring. On the basis of

the budgets,custom hiring wilted material to an upright, (Method 0) is

the most profitable with a net decrease of $115.3h over Method A. The

results would be even more in favor of custom hiring if the machinery had

been purchased new. Reductions in feeding costs, possible with the

trench silo, could easily offset the small difference between Methods

C and D and, hence, the trench silo would be preferable.

Farm B

The case of a farm with a 3b 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 hO'

upright, estimated cost $1500, or a 20' x 00' bunker silo, estimated

cost $600. It is assumed that the chopper 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 $5b.h8 compared to A. However it is doubtful if this is

sufficient to compensate for the possible inconvenience and loss of in-

dependence which occurs with custom hiring. Less loss of independence

occurs when machinery is shared, as in Method D. This is the most

profitable and results in a net decrease in costs of fibh.28 over Method

A and would, therefore, be the most appropriate method.
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TABLE 13

1.,STIT'IATTE TOTAL "COSTS" OF ELARVLSTIJG AI-‘TD STORI;G T7511; EQUIVAIETTI‘

OF 200 T073 F L'JILTEJD '0';th 511.1712: II? UPI’LIGHT SILOS BY ALTERNATIVE

ETLTIICDD Ch SCCTE-I-C'Zl‘l'l‘i'h‘l T-iICHIGAT-I DAL-{Y FAh’l‘IS

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

METHOD

IT:ET A B C D

Machinery Ownership Self-Owning self-Owning Custom Hire Sharing

Type of Material Wilted Direct-Cut 'Wilted Direct-Cut

Type of Silo Upright Bunker Upright Bunker

Tons Required 2OO 23b 2OO 23b

Additional Acres

Above A " (405 - has

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) 2o0.00(“) 99.h2(5)

2. Total Variable

Costs 1o8.75 17o.95 90.00 17o.98

3. Mowing and

Windrowing Costs 50.00 - 50.00 -

b. Total Harvesting

COStS 11560b8 375083 1100.00 27001-10

5. Total Storage

Costs 90.00 70.80 90.00 70.00

b. Total Harvesting and

Storage Costs 5h6.h8 hhb.b3 h90.00 3b?.20

7. Comparative Total Cost

to Method A - - 99.85 -5o.h8 -199.23

GjfiEstimated Value of

Additional Land

Requirement - +135.00 - +135.00

9. Net Costs (8 - 7) - + 35.15 -5b.hh - bh.28

(1) Crew: 3 Men, 2 Wagons, 3 Tractors.

(2) Initial Cost: P.T.O. Chopper $2500, Blower 0500, wagons $h00 each,

Silo (lo'th') $1500.

(3) Initial Cost: P.T.O. Chopper $2500, - - 'Wagons thO each,

Silo (20'xb0'xo') 5600.

(h) Custom Hire: $130 per hour, Farmer to provide 2 men, 2 tractors.

(5) Assumes hquipment of Method B Shared on 50-50 basis, both farms having

similar systems, 200 tons grass, 100 tons corn and 50 acres baled hay.
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Farm C

The case of a farmer with a herd of 50 dairy cows who wishes to

feed o0 pounds grass silage per day for a 2b0 day period is considered

in Table 1h. Storage for the required hOO tons could be either in a

20' x 50' upright or a 30' x 80' horizontal. It is assumed that the

dry hay will be baled and that the chopper is used only for the grass

silage. It is assumed, as reported in Chapter 5, that no differences

in feeding value or nutrient losses occurs between lacerated and chopped

material. On the basis of the budgets, Method D is the most profitable

with a reduction of Q9b.92 over A. However, farmers have experienced

difficulty in feeding lacerated material from bunkers and, thus, feeding

costs with this methoo may well be higher offsetting any other cost

decreases. Self feed auger bunks for use with the upright may be justi-

fied, especially if the operator is abb to place a high opportunity cost

on his own or his workers' labor. A saving of 30 mins labor per day

(worth $90 per year) in feeding may be possible with Method C. If the

farmer wished to change his system from Method A to a newer, higher capa-

city system ofh men, 3 wagons and 3 tractors with a new $3000 chopper and

$500 PTO blower, output would increase to 15 tons per hour. Total costs

for harvesting and storing the h00 tons would increase from d1112 to $1207,

but "capacity" of the system would increase from 800 tons to 1200 tons.

Thus, if a large increase in cow numbers and silage requirements was

contemplated, the farmer would retain his existing equipment for harvest-

ing up to 000 tons, but beyond that level would change to the newer

system. The marginal cost for the old system was $.05? per ton and it is

assumed that somewhere in the region of 800 tons this equals the average
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ESTIHATED TCTAL "COdTS" CF HALVJQTIHG AID STORIIG THE EQUIVALflhT

OF 000 TOJS OF‘EILTED Glflbo SIL;GJ IN UPKIGHT SILCB BY ALTEKHATIVA

InTHODb CH bOUTE-CEHTRAL NICHIGAN DAIRY PARKS

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

VETEODS

ITEH A B C D

Machinery Ownership Self-Owning Self-Owning Self-Owning Self-Owning

Type of Material Wilted Direct-Cut Direct-Cut Lacerated

(Rotary Chop)

Type of Silo Upright Upright Bunker Bunker

Tons Required DOC h52 h72 072

Additional Acreage

Above A - 605 900 9.0

Capacity Tons

Per Hour 10(1) 12(1) 12(1) 12(1)

Costs Dollars Dollars Dollars Dollars

1. Total Fixed costs 000.00(2) 600.00(2) h98.00(3) 338.00(h)

2. Total Variable

Costs 272.00 25h.20 205.h0 20>.to

3. Mowing and

'Windrowing Costs 100.00 - - -

b. Total Harvesting

Cost 972.00 850.20 703.h8 o03.bo

5. Storage Costs lh0.00 158.20 lhl.00 lhl.00

6. Total Harvesting and

Storage Costs 1112.00 1012.h0 905.08 7b5.03

7. Comparative Total

Cost to Method A - -99.bO ~206.92 -300.92

8. Estimated Value of

Additional Land

Requirement - +19S.OU 9270.00 +270.0U

9. Net Costs (8 — 7) - + 9S.b0 + 03.00 - 9o.92

 

fl) Crew: 3 Men, 3 Wagons, 3 Tractors

(2) Initial Cost: P.T.O. ChOpper @2500,

Silo (20'x50') @2800.

(3) Initial Cost: P.T.O. Chopper $2500, -

Silo (30'xoo'xo') 31200.

(b) Initial Cost: P.T.O. Chopper $1000, -

Silo (30'x30'0 91200.

Blower 9000, wagons $000 each,

- wagons 0&00 each,

- Wagons $h00 each,



total cost of the new system. In buying a new system, ATS = KC, as all

factors are variable. The marginal cost for the new system, once the

investment is fixed, would be d.533 per ton.

Farm D

What may become the typical dairy herd of the future - namely 80

cows - is considered in Table 15. It is assumed that 700 tons grass

silage, 200 tons corn silage and 100 tons dry hay are produced. The

latter is baled. Storage could be provided in either two 10' x 05'

uprights or two 30' x 05' bunker silos. The team is h men, h tractors

and 3 wagons. In NethOd A these latter are assumed to cost 4>00 each.

However, in the other methods it is assumed that daily ch0pping of green

forage takes place and that one wagon, used for this purpose, is a

mechanical unloading type costing $1000. The use of the chopper for

daily cutting reduces the fixed costs to be borne by the silage operation.

It is possible that some of the grass or corn silage would be

replaced by oat silage. However, this would not affect unit costs of

grass silage unless the oat silage was an additional supply. Similarly

sudan grass may replace, or supplement, grass for daily chopping during

July. In Method D it is assumed that the rotary flail type chopper would

be used for the grass silage and daily chopping. 0n the basis of the

budgets, lacerated material in a bunker would be the most economical,

with a decrease of $75.11 over Fethod A. However, as mentioned above,

difficulties in feeding lacerated material occur and, hence, Method A

would be preferable -- especially since mechanical feed haters could be

justified on herds of this size.
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TlaLe 15

ESTIMATED TOTAL "COSTS" OF HAqubTIHG AID STORING THE EQUIVALBAT

OF 700 TOHS OF WILTED GRASS SILAGS IN UPRIGHT SILOS BY ALThRNATIVS

METHODS ON SOUTH-CENTRAL HICHIGAN DAIRY FARHB.
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ITEM A B C D

Machinery Ownership Self-Owning Self-Owning Selbewning Self-Owning

Type of Material Wilted Direct-Out Direct-Cut Lacerated

Rotary Chop

Type of Silo Upright Upright Bunker Bunker

Tbns 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) o25.51(3) 519.7o(h) 292.92(b)

2. Total Variable

Costs 630.00 711.90 o19.h7 619.h7

3. Mewing and

Windrowing Costs 175.00 - - -

b. Total Harvesting Costs lh70.97 1337.01 1139.17 912.39

S. Storing Costs 225.00 25h.25 235.99 235.9?

6. Total Harvesting and ~

Storing Costs 1695.97 1591.66 1375.16 llh0.36

7. Comparative Total

Cost to Method A - -1ou.31 -320.81 -5h7.o1

8. Estimated Value of

Additional Land

Requirements - +3bl.25 +h72.50 4‘072.50

9. Net Costs (8 - 7) - +23o.9u +lSl.o9 - 75.11'

(1) Crew: h Men, 3 wagons, u Tractors.

(2) Initial Cost: r.T.0. Chopper @3000, Blower 5800, 3'Hagons @500 each

(3)

(b)

(5)

Silos-2-(10'xbb') eueoo.

Initial Cost: ‘ Chopper

at 01000,

$300; Blower $000, Wagons two at 0500 one

Silos-2-(30'xop'x0') 02000.

Assumes self unloading wagon used to haul 8 tons chopped forage daily

for 100 days

Initial Costs: RTO. Chopper $3000, Two wagons $500 each, One at $1000.

Initial Costs: RED. Chopper @1000, Two wagons @500 each, Cne at





Farm E

The large scale Operator of the future is considered in Table 10.

Two hundred and fifty cows would be housed in a loose housing set-up

with dry lot feeding. Two thousand tons of grass silage would be made

in addition to 500 tons of baled dry hay and 1000 tons corn silage. In

Method A the chopper would be a high capacity, motor mounted mOdel,

capable of dealing with h windrows at a time. Storage would be provided

by h upright silos 20' x 60' with mechanical self feed bunks. These

would be used for all the year round feeding. The silo would be filled

with first cutting grass clover mixtures for summer feeding and then

refilled with second cutting and corn for the winter. They would be

grouped together and filling would take place by means of a collecting

pit into which the trucks -- preferred to wagons because of the distance

involved -- would dump the chopped material. This would then be fed

through a PTO type blower into a system of piping, enabling any of the

four silos to be filled. Sstimated costs for concrete silos and pi

would be filh,000. (If steel glass-lined type silos were used, invest-

ment costs would be considerably higher.) In view of the high invest-

ment costs and the possible high interest charges a rate of 10 percent

on initial costs is assumed for both upright and horizontal silos. Five

men, two tractors and three dump trucks are assumed to be needed. A

caterpillar type tractor would be preferable for packing in the horizon-

tals.

In Method D, the bunkers (two h0' x 150' x 0') would be partly fed

out during the summer by means of front end loaders into feed bunks.

Self feeding would not be practicable with herds of this size.
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TABLE 16

ESTIVATLD TOTAL "COSTS" OE HARVLSTING AND STORING The EQUIVALAHT

OF 2000 TONS OF WILTED GRASS SILAOi Id UPAIGHl SILOS Bf ALTEINATIVh

HE HODS ON SOUTH-CENTRAL HICHIGAN DAIRY PARKS.
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ITEM A B C D

Machinery Ownership Self-Owning Self-Owning Self-Owning Self-Owning

Type of Material 'Wilted Direct-Cut DirectLCut Lacerated

Rotary Chop

Type of Silo Upright Upright Bunker Bunker

T-orns Required 2000 2200 23e0 2300

Additional Acres .

Above A - 35.0 h5.0 h5.o

Capacity Tons

Per Hour 20(1) 20(1) 20(1) 20(1)

Costs Dollars Dollars Dollars Dollars

1. Total Fixed Costs 815.76(2) 815.7o(2) 720.00(3) hh7.20(h)

2. Total Variable

Cost 875.00 980.75 1032.50 1032.50

3. Mowing and

Windrowing Costs 500.00 - - -

b. Total Harvesting

5. Storage Costs 92h.00 thh.12 708.00 705.00

6. Total Harvesting

and Storage Costs 311h.76 28hd.63 2hoo.50 2187.70

7. Comparative Total

Costs to Method A - -2ee.13 -6hd.20 -927.oe

8. Estimated Value of

Additional Land

Requirement - +1050.00 +1350.00 +1350.00

9. Net Costs (8 - 7) - +783.d7 +701.7h +b22.9h
 

(1) Crew: 5 Men, 2 Tractors, 3 Trucks

(2) Initial Costs: Motor Mounted Chopper $h000,

Each,(l/h to silage) h-20'xoO' Uprights $3000 each; Unloading Pit @2000.

(3) Initial Costs:

Blower $600, 3 Trucks $2000

. Chopper $h000, 3 Trucks $2000 each, Bunker Silo Two-

(uo'xIBUkb') uoooo.

(h) Initial Costs: Rotary Chopper $1000, 3 Trucks $2000 each, Bunker Silo

Two-(h0'x150'xd') $0000.
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In Methods B and C, an 8 foot direct cut, motor mounted, chopper

is used. This is also utilized for daily Chopping of green forage,

which occurs with both methOds. Possibly a self unloading wagon in-

stead of a truck would be used to feed the chopped forage into the

bunks.

0n the basis of the budgets, wilted material and upright silos are

considered the most appropriate system for herds of this size. Since

the mechanical feed bunks will be in continual use, unit feeding costs

should be at a level comparable witn the front end loader and bunker

silos method.

The system of upright silos lends itself more readily to increases

in herd size, since the space requirements for additional uprights are

not so great as for horizontal silos.

Discussion and Recommendations

The partial budgets presented above emphasize that harvesting

and storage costs are not the only considerations involved in silage

making. Nany failures and disappointing results would seem to arise

from the fact that some farmers do not appreciate the elementary facts

involved, - i.e. that nutrient content can never be higher than that

of the material as cut and ensiled, and that storage and harvesting

methods can affect considerably the feeding value of the end product.

The following recommendations are made from a consideration of

(l) 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 recommendations may not
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be generally acceptable. However, they are considered to be appropriate

for farms similar to those observed on the survey.

15 Cow Herd
 

Herds of this size may not remain in milk production for very

much longer. In the interim, until they either increase to a more

economical size or cease milk production, the use of custom hiring is

recommended. Trench silos offer the cheapest storage facilities and

direct cut material would be preferable for use with these. Wilted

material would be preferable if existing uprights are used. These latter,

however, are often in need of 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, forage harvesting can best be conducted by a system of sharing

equipment with a neighbor. Obviously 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 production, only two partners

are considered feasible. 'With the tonnages normally required, both

should be able to harvest their silage in the available period of 10

days in early June. Similarly with the corn silage and dry hay.

Bunkers are considered more suitablezfi 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 offset by



the greater losses and wastages which occurs with self feed bunkers.

Storage facilities are often limited, especially with upright silos.

In such cases wilting enables a greater quantity of dry matter to be

stored, with given storage facilities.

50 Cow Herd
 

With these herds sharing of equipment could be justified. However,

where daily chopping occurs the owning of direct cut equipment would

provide a more economical method.

Bunkers may still provide the least cost storage if self feeding is

practiced,but due to decreased losses and wastage, uprights would be

preferable, -- especially where cattle are housed in stanchion barns on

a "rationing system" of feeding.

Custom operating for neighbors could be undertaken, thereby re-

ducing unit costs for machinery use on the home farm. However, these

latter reductions may be counterbalanced by possible quality losses

if harvesting of the home farm crop is neglected in favor of the neigh-

bors' operations.

50 and 100 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 and to have

a direct cut rotary models for daily chOpping. Wilted material and the

use of upright silos with mechanical selfiEed bunks would be considered
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the most apprOpriate system for both herd sizes.

250 Cow Herd
 

The system which seems most appropriate for the large herds is

the one discussed above in which a motor mounted pick up machine is

used with a group of upright silos which are filled by means of a

collecting pit, a blower and adjustable piping. The silos are emptied

automatically into self feed bunks which are used for all the year

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

Applications To Beef Eroduction
 

Although the analysis has been more concerned with grass silage

as a feed for milk prOduction, many of the findings and recommenda-

tions could apply equally as well to the beef producer. He is also

faced with the problem of obtaining a high quality feed at an economic

level of cost for harvesting, storing, and feeding. Thus, the systems

advocated for 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 desearch
 

The above brief discussion may tend to leave the reader with the

impression that the recommendations as to the most economical way to

harvest and store grass silage are inconclusive. If 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, factors in-

volved in the process is develOped the various economic analyses, and

recommendations based on them,will have only limited application to

farm conditions. As yet, there would seem to be no "best" and "cheapest"

way to make grass silage. The importance of observing the basic princi-

ples involved in the process has been stressed,but even when this is

done results are often disappointing. 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 differing results obtained when similar methods were

used over several seasons. This has led to a decline in the popularity

of grass silage in some instances, and accounts, to some extent, for the

reason why it is neglected by many who continue to rely on corn silage

and dry hay, as the basis of their roughage feeding.

Milk and beef production in the future will have to be undertaken

on a low cost basis. Grass silage is a potential low cost source of

high quality feed. It is desirable, therefore, that more inter-

disciplinary research work involving c00peration and joint endeavor,

from all the agricultural sciences be conducted into the many economic,

and technical factors involved in grass silage conservation. In par-

ticular, further technical 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 economists should undertake exact

measurement studies into the labor and machinery requirements at all
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stages of the harvesting and storing operations. In brief, data are

required to enable the true marginal cost of harvesting, storing, and

feeding varying quantities of grass silage by alternative systems, to be

derived. The optimum point on the relevant proauction function could

then be determined for each system and more definite recommendations

made which should enable the farmer to maximise profit.
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CHAPTER VI

SUMNARY AND CONCLUbICHb
 

Grass silage is suggested as a potential high feeding value, low

cost, forage for dairy and beef cows. Machinery is available to

enable large quantities of it to be harvested and stored in the

limited periOd available for high quality production in early June.

Data on grass silage harvesting and storing operations were

obtained by means of observations on a "time and motion" study

basis on a roughly stratified sample of 71 bouth-Central Michigan

dairy farms using specified forage harvesters and blowers in

specified combinations of machinery, labor and power.

Performance 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 average of 9.0 tons per hour for

direct cut and 8.0 tons per hour for wilted material. The typical

outfit 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 lh.b tons per hour for wilted material

with rates for PTO models of 27.1 and 23.h tons per hour respectively.

In all cases the potential performance rates for forage harvesters

and blowers, given the associated equipment, on the operations

-103-
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observed,were below the manufacturer's claims for the various machines.

Initial costs of equipment varied considerably as much had either been

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

studies of four farms, representative of certain distinctive features

of the varying harvesting system, were presented.

The importance of the various cost concepts and the difficulties

involved imlpricing fixed 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. Reference

is made to the use of additives and plastic covers as means of controlling

utritive losses. Many of the findings conflict 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 difference was observed 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 reference made to

the enquiries of the agricultural engineers into their'dfijency. Blowers

in general are considered relatively inefficient, but higher performance

rates are attainable with the PTO models. Power requirements to overcome

the friction between the material and machine housing are high with

conventional model forage harvesters. These requirements are reduced

in some rotary flail type models. Since rate of unloading into upright
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silos is controlled by blower capacity, little differences occur

between the various methods of unloading wagons. Hydraulically

YT.

operated falsgend gate wagons are most effective. nigh use is

needed to justify investment in the relatively expensive mechani—

cally unloading wagons.

The data from the survey and the review of work by the physical

scientists are used to develop synthetic cost data and partial

budgets for harvesting and storing varying quantities of grass

silage for different herd sizes, under varying assumptions. The

need for high use of machinery to lower unit costs is demonstrated

by the development of synthetic cost curves. In their construction,

the assumption made in this, and similar studies, that marginal

costs are constant for all levels of output prevents "true" economic

optima, and machine capacity (where NV? = EEC), from being determined.

Instead "guesstimates" of this point -- referred to as "capacity

limits" -- are made for each system, beyond which "it is thought

to be uneconomical to operate." The partial budgets demonstrate

that the value of the additional land required to replace any

additional dry matter losses, between different systems, may offset

any reductions in harvesting and storing costs. Feeding costs have

also to be considered.

Recommendations as to the most effective way to harvest and store

grass silage for varying sized herds are given. In general, these

include the use of custom hiring services and the use of trench

silos for small herds, Sharing of equipment and self feed bunker

silos for medium sized herds and ownership of motor mounted forage
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harvesters, with large upright silos having mechanical feed bunks

for the larger herds.

The need for more interdisciplinary research into the various

economic, and technical aspects of grass silage conservation under

varying harvesting storing and feeding systems is stressed.

In particular, agricultural economists should undertake exact

measurement studies into the labor and machinery requirements

at all stages of the operation, and the technicians Should
 

provide further data on nutrient losses and feed 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, hence, 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 for further data which will lend itself to marginal

analyses.
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