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SUMMARY

I. INTRODUCTION

Increased corn production in Portugal is a primary objective of the
PROCALFER program, especially in the Entre Douro e Minho and Beira Litoral
regions (Regions 1 and 3). Both regions are major corn, dairy and meat
production areas and are natural locations for silage production.
Production of corn silage in Portugal is increasing, partly as the result
of a rapid rise in feed prices during 1983. But, the small dairy farmer
has not actively adopted silage, primarily because of lack of equipment
needed to make silage.

The project had three basic objectives:

1. To develop a system through which silage making equipment and
technical assistance can be made available to small farmers.

2. To demonstrate the operation of this system by application on
small farms in selected areas, and

3. To explore the interests and capabilities of Portuguese farm
machinery manufacturers in manufacturing small forage harvesters.

The team which conducted this project was a multidisciplinary team of
Portuguese technicians and U.S. consultants, with active participation of
t'.2 Cooperativa Agricola e Leiteira de Vagos and farmers in the area. The
project was conducted in the Vagos area because it is an important dairy
and corn area with many small farmers.

II. FUNDAMENTALS OF MAKING SILAGE

Making silage for cattle feed is an established practice in Portugal.
Common sense, attention to details and good management are necessary to
make good silage because at least nine factors affect silage quality. They
are:

1. the crop

2. the stage of crop growth when cut
3. moisture

4. fineness of cut

5. silo structure

6. packing and filling

7. feedout

8. weather, and

9. additives.



ITI. PRESENT SILAGE MAKING SYSTEMS IN PORTUGAL

A. Background

In the Beira Litoral, silage making is well known although practiced by
only a few of the larger dairy farmers. Farmers that have used silage were
unanimous in 1iking silage as a cattle feed. An overview of the current
corn harvest practices and silage systems describes the crop, the equipment
and types of silos used.

B. The Crop

The traditional cultural practice for corn involves harvesting the tassels
early for green fodder prior to maturation of tne remainder of the corn
plant, shucking and shelling corn for grain and racking corn stover to dry
and store as todder. The four types of corn grown in northern Portugal are
simple, hybrid, second year and regional. Hybrid corn is superior, but
suffers if the farmer cuts off the tassels early.

C. The Equipment

The common types of forage harvesters observed in the Aveiro and Vagos area
were one row field harvesters of the knife type and a few flail-type grass
harvesters. Flail-type harvesters are not recomnended for corn silage.
Farmers with large cattle herds were most 1ikely to own a machine by
themselves. The common arrangement for smaller farmers was to own a field
chopper with one or two partners.

Wagons for transportation are an essential part of the silage-making
system. Silage was almost always carried in a two-wheel trailer pulled by
a tractor. The wagons are equipped with a single hydraulic cylinder in the
center to dump to either cide or to the rear. Both low-sided and
high-sided wagons were common, as was the practice of packing silage in the
wagon.

D. The Silos

During the first days of farm visits, existing concrete and tile bunker
silos were seen. The similarity in appearance and size of these silos
suggested that standard plans had been followed. Three specific features
of the silos were:

1. plastic covered with sand on the completed silo

2. narrow bunkers in difficult Tocations for complete tractor
compaction, and

3. bunker silos with floors below ground level so that drainage is
impossible.



E. Economic Analyses of Producing Corn and
S1lage 1n Fortugal

Economic evaluation of corn silage is difficult because technical
efficiency of the silage system and the silage feed value are variable.
Traditional corn production in the Beira Litoral region typically involves
predominantly or-farm inputs. Corn is grown on small fields, almost always
of less than 5,000 m2.

Crop budgets were prepared with costs and returns of growing silage and
corn for grain. The corn budget represents a system of medium level
technology. Although traditional corn production is characterized by high
labor requirements, the opportunity costs of this labor are low.

Therefore, labor is not included in the crop budgets as a direct input, but
is captured as a return to the farmer's management and labor.

The pro forma budgets show a higher net return from corn silage than from
corn. Growing corn for grain nets the farmer nearly 27 contos (1,000
escudos) per half hectare. Growing corn silage nets the farmer slightly
more than 51 contos, excluding the cost of the silo. After the costs of a
silo are included, the monte silo is projected to have a final net return
ot almost 50 contos per half hectare.

IV. SILAGE MAKING DEMONSTRATIONS

The Aveiro Subregion of the Beira Litoral was selected for the
demonstrations of small farmer silage systems. The Cooperativa Agricola e
Leiteira de Vagos assisted in surveying the area and arranging the
demonstrations.

Six demonstrations were arranged and completed between September 14 and
October 6, 1983. The types of silos were:

monte silo with no walls

modified monte silo with one wall
modified monte silo with two walls
modified monte silo with two walls
wooden bunker silo, and

concrete and tile bunker silo.
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A monte silo is a simple pile of silage that is shaped and packed without
any surrounding walls. The pile is then covered and sealed with plastic.
Monte silos can be modified by piling the silage against a wall or in the
corner of two walls. Bunker silos are made of three walls of various
materials.

The significant steps of each demonstration were photographed and included
as figures in this report.



V. RECOMMENDATIONS

Based on review of the current silage systems and experience with the
demonstrations, several recommendations were formed regarding silo design,
equipment and means of equipment ownership.

A. Silo Design

The project team recommends the monte silo design, based on the following

advantages:

1. Inexpensive and simple to construct (usually less than one hour).

2. Flexible investment in storage for intensive farms that rotate
crops and thus might not always grow silage.

3. Easy to pack thoroughly the entire silage mass to maximize
quality of silage.

4., Location is flexible.

5. Size and shape can vary to meet needs.

6. Excellent means of handling excess silage that overflows existing
silo (Figure V-1).

7. Silage effluent does not collect in silo, making it possible for

intensive farms to chop corn at slightly higher moisture if
necessary to plant next crop in fall,

The main considerations in building a monte silo are:

1.

It should be a high place for drainage of rainwater and silage
effluent;

It should be in an area with easy access for dumping the silage
and packing it with a tractor;

It should not be located near potential rodent harbor;

It should be convenient to the location where the animals will be
fed.

It should be shaped and packed after every load is dumped;
The tractor should be driven slowly over the entire mass of

silage; the driver should not switch directions while the rear
wheels of the tractor are on silage mass;



7. If the pile is steep or loose, the driver should not back the
tractor onto the pile;

8. Sides should be packed using the front wheels of tractor;
9. Safety in tractor operation is of primary importance!

The final design consideration is sealing the monte silo. The pile should
be covered with plastic and the edge of the plastic sealed by covering it
with dirt. This seal can easily be achieved by digging a drainage ditch
around the silo and putting the soil on the edge of the plastic. The
plastic should be weighted down with tiles, stones, tires or pumpkins to
secure it against the wind. These objects area easily removed at the time
of feeding. If sand is used to weigh down the plastic, it requires more
work at feeding time.

B. Equipment and Harvesting Practices

In larger fields, the one-row field chopper is the recommended harvesting
system. For smaller fields, a system where the farmer transports cut corn
to the silo and chops the corn at the mouth of the silo is recommended.
The necessary equipment for each system is listed below.

Large fields Small fields
1 field tractor 1 transport tractor (optional
1 transport tractor if draught animals used)
1 packing tractor 1 packing tractor
1 one-row field chopper 1 motor driven or PTO
2 wagons chopper-ensiler
1 wagon

The project team recommends two equipment changes for wagons used to
transport silage from the field to the silo. First, farmers should use
high sides on the two sides and rear of the wagon. Increasing the wagon's
volume allows the farmer to haul the same weight without having to pack the
silage down into the wagon. Unloading is easy when the silage slides out
of the raised wagon. More importantly, high sides make it unnecessary to
have a man ride in the wagon to level and pack the load. This saves labor
in the field.

Second, farmers can save time unloading if they build a one-piece tailgate
that hinges at the top. This tailgate is most useful for larger farmers or
custom operators who put up many loads of silage and want to unload
quickly. It is used in place of the wagon's regular tailgate.



C. Equipment Ownership and Operation

There are four possible systems of equipment ownership:

1. Individual farmers

2. Partnerships

3. Custom operators, and
4. Cooperatives.

Ownership by an individual farmer makes for the greatest equipment expense.
Most small farmers will not make enough silage to absorb that expense. The
advantages of individual ownership are that the farmer is responsible for .
the operation and maintenance of the machinery and that the machine will be
available when he is ready to fill silo.

Partnership of two or more farmers who own a field chopper is fairly
common. The chief advantage of this system is the increased throughput
that can absorb the field chopper cost. The disadvantages are that
scheduling can be more difficult and operation and maintenance
responsibilities can be uncertain.

Custom operators own and operate equipment on a hired basis for farmers.
The advantages are that the farmer does not own a costly machine for only a
few days use per year and the operation and maintenance responsibilities
belong clearly to the custom operator. High throughput is also realized.
However, the farmer does not enjoy maximum flexibility of scheduling when
the corn will be chopped.

The fourth alternative is for agricultural and dairy cooperatives to own
and operate machinery for their members. This system has the advantages of
economic throughput and indirect farmer ownership and it is an effective
means of helping introduce silage making to farmers in an area. The chief
disadvantages are the increased labor and maintenance requirements for the
cooperative and scheduling probleins.

1. Equipment Utilization

Besides the management issues, the key to the equipment ownership question
is the utilization rate for that equipment. The pro forma budget for corn
silage contained a field chopper cost based on 100 hours of use per year.
Any ownership system that would allow field chopper use of more thain 50
hours per year should be relatively profitable to the owners. The
Portuguese silage-making season of approximately one month should
accommodate 50 or more hours of operation for a field chopper. If 15 to 20
hours are required to chop one hectare of corn, then 3 to 5 hectares should
profitably support a field chopper.

2. Recommended Qwnership

The recommended systems of ownership are partnerships and custom operators,
based on their management advantages and the required utilization for
profitability. Five or six farmers would need to be in a partnership to



make the machine profitable. A custom operator could easily serve enough
customers to cut 3 to 5 hectares or more in the course of a month-Tong
season.

D. Safetyv

Safety is a vital part of making silage. Many times in the rush to fill
the silo, farmers shortcut around good safety. During the survey of
current silage-making practices and the silage demonstrations, the project
team noted some unsafe practices. Any efforts to promote the use of silage
must also promote safety.

VI. FARMER EDUCATION PROGRAM

One of the more important tasks in this project was to design a two-part
program of technical assistance to cooperatives and MAFA personnel which
they can use to educate farmers about silage.

First, for purposes of farmer education, the project team recommends that
Chapter II of this report, "Fundamentals of Making Silage" be published as
a separate bulletin. This chapter contains ideas that are useful to
farmers regardless of the location in Portugal or the type of silo.

The project team also recommends that Chapter V, "Recommendations for
Silage Making" be excerpted and published as a bulletin. This chapter
outlines the recommended system for small farmers who wish to make silage.

Second, more than 100 color slides and an accompanying narrative for each
slide were prepared to summarize the project and its results. The contents
of these slides are summarized below:

Introduction and existing systems of silage making
Demonstration of a one-wall monte silo

Demonstration of a monte silo

Demonstration of a corner silo with a third wall added
Demonstration of two-wall monte silos

Demonstration of a bunker silo filled by a chopper-ensiler, and
Recommendations.
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VII. ASSISTANCE TO PORTUGUESE FARM
MACHINERY INDUSTRY

A. Introduction

To determine the status of the Portuguese farm machinery industry, the
study team met with the Portuguese government's Division of Mechanization
and contacted one manufacturing firm which was representative of the
industry.



The survey of available equipment and the experience of the silage
demonstrations showed that domestic and imported forage harvesters for
small farmers are available on the Portuguese market. Only small
modifications to current equipment are recommended. First, the
chopper-ensiler must have adequate wheels or a means of transport to the
many silos it should serve. Also, the chopper-ensiler should be equipped
with a standard 540 rpm PTO drive. Second, the field harvester should have
an optional feeding tray that can be attached to the field harvester
pickup. With this modification the field harvester could be used also as
an ensiler.

B. Meetings with the Division of Mechanization

To establish contact with the Portuguese farm machinery industry, the
project team first met with the Division of Mechanization in the Ministry
of Agriculture. The Division of Mechanization recommended three companies
that were representative of the industry:

1. Herculano

2. Metaldrgica Duarte Ferreira S.A.R.L., and
3. Galucho.

C. Contacts with Industry

A member of the project team and an interpreter traveled to Oliveira de
Azemeis to meet with Herculano representatives and to visit the factory.
During the meeting the purpose of the silage project was reviewed and
photographs of project demonstrations were shown. This was of great
interest to Herculano because of their plans to produce the Taarup under
license from the Danish manufacturer.

A complete tour of the factory was given by a Herculano director.

D. Potential for Purtuguese Silage Harvesting
Equipment Manufacture

Based on the findings and recommendations of this report, it appears that
silage making by small farmers will continue to grow in popularity. About
80 percent of Portugal's milk is produced by herds of two to five cows. In
the Beira Litoral alone, there are more than 2,000 small dairy farmers and
thus a substantial market exists for the purchase of silage harvesting
equipment on a shared basis and wagons on an individual basis. Portuguese
manufacturers with aggressive marketing should be able to gain a strong
share of the silage harvesting equipment market.
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SMALL FARMER SILAGE
SYSTEMS IN PORTUGAL

I. INTRODUCTION

A. Relationship of the Project to the PROCALFER Program

Increased corn production in Portugal is a primary objective of the
PROCALFER program. This is especially true in the Entre Douro e Minho and
Beira Litoral regions (Regions 1 and 3). Portugal currently imports a
substantial quantity of corn (about 2.8 million metric tons per year) and
has a shortage of high quality roughage for cattle. Both regions are major
corn, dairy and meat, production areas and, thus, are natural locations for
silage producticn. More than one-third of the milk consumed in Portugal

is produced in the Beira Litoral region. The two agrarian regions are
outlined on the map shown in Figure J-1.

Production and harvesting of corn silage is not new in Portugal. Adequate
technical information exists on the production, harvesting and storage of
corn silage and no problems have been encountered in feeding silage. More
farmers are growing corn, harvesting it as silage and storing it on their
farms. There has been a rapid rise in interest in 1983 because the
removal of grain subsidies in June 1983 caused feed prices to increase
sharply. Price increases of 70 percent for corn, 59 percent for sorghum,
96 percent for oats and 93 percent for barley led to price increases of 70
percent for cattle feed. This rise caused farmers to adopt silage as an
alternative to mixed feeds. The regional agricultural offices and several
dairy cooperatives are promoting the production and use of silage and have
forage harvesting equipment that farmers can use. Also, many medium or
large farmers are forming partnerships of two to four individuals to
purchase machines. The farmers who have fed silage are enthusiastic about
its feed value and many are increasing their use of silage.

The small dairy farmer (with fewer than ten cows) in these regions has not
been as active in adopting silage. The main constraint facing the small
farmer is the Tack of equipment to make silage. These farmers want to use
silage but cannot afford to buy a forage harvester outright. However,
small dairy farmers in the region are important sources of milk. In 1981,
74.4 percent of the milk collected in Entre Douro and Beira Litoral regions
came from farms with five or fewer cows. For all of continental Portugal
in 1976, 95.6 percent of the dairy farms had fewer than five cows.

A\



Agrarian Regions

Entre Douro e Minho
Tras os Montes

.- Beira Litoral

Beira Interior
Ribatejo Oeste
Alentejo

Algarve
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Figure I- 1. Aararian regions of Portuaal
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B. Objectives of the Project

This project had three basic objectives:

1. To develop a system through which silage making equipment and
technical assistance in silo construction, silage making and
feeding can be available to the small farmer,

2. To demonstrate the operation of this system by application on
small farms in selected areas, and

3. To explore the interests and capabijities of Portuguese farm
machinery manufacturers in manufacturing small forage harvesters.

No new research on the technology of silage production, storage or use was
done. Rather, the project adapted existing appropriate technologies to
small farmers and complemented the silage promotion programs of the
regional agricultural offices and cooperatives.

£. Scope of Work of the Project

To accomplish these objectives, the project team developed thirteen
specific tasks that were grouped into two parts:

1. Development, testing and evaluation of a small farmer silage
system, and

2. Assistance to the Portuguese farm machinery industry in areas
related to domestic manufacture of small forage harvesters.

The individual tasks by phase are described below.

Part T - Small Farmer Silage Systems

Phase I Evaluation:

1. Evaluate current silage production and storage in Portugal.

2. Identify systems in use and determine costs of harvest and
storage.

3. Evaluate current costs and returns of growing corn as silage and
as grain,

Phase II Recommendation:

4. Design and specify one or more forage harvesting and storage
systems adapted for use by small farmers.

I-3



5. Determine costs of one forage harvesting and storage system and
number of hectares required to support such a system.

6. Recommend a preferred ownership and operating system for harvest
equipment and storage facilities from three options:

a. private ownership,
b. custom services, and
C. cooperative ownership.

Phase III Demonstration:

7. Locate suitable farms and cooperatives for demonstration of silo
construction and silage making. Demonstrate the silage process
by assisting in silo construction, bringing recommended equipment
for such demonstration and helping with the harvesting of the
corn and filling and sealing the silo.

8. Determine the total costs, to the cooperative and to
representative farmers for the silage harvesting and storage
system and recommend appropriate financing.

9. In cooperation with PROCALFER and the Ministry of Agriculture and
Forestry (MAFA), design a promotional and educational program for
technical assistance to cooperatives and to small farmers in the
construction and use of silage harvesting and storage systems.

Part II - Assistance to the Portuguese Farm Machinery Industry

10.  In cooperation with the Division of Mechanization, MAFA,
identify potential manufacturers of small forage harvesting
equipment in Portugal. (Small harvesters are not manufactured in
Portugal as of 1983.)

11. Meet with selected manufacturers to discuss their interest and
capabilities for the manufacture of such small harvesters.

12. Qutline the requirements for establishment of such manufacture in
Portugal.

13. Develop a follow-on proposal for providing technical engineering
assistance to initiate manufacture of small forage harvesters in
Portugal, actual implementation assistance to be provided under a
follow-on contract.

D. Project Organization

The team which conducted this project was a multidisciplinary team of
Portuguese technicians and U.S. consuitants, with the active participation
of the Cooperativa Agricola e Leiteira de Vagos and farmers in the area.



The main members of the team were:

Eng2 Tec. Agr. Anténio Carlos Souto - Cooperativa Agricola e Leiteira
de Vagos

Eng> Tec. Agr. Nelson Vilar Teles - Brigada Concelhia do MAFA em Vagos

Robert J. Buzenberg - Development Planning and Research Associates,
Inc.

James K. Musil - Development Planning and Research Associates, Inc.

Luis Lopes - USDA/OICD Interpreter

Other participants in the project included:

Eng® Almeida Alves - PROCALFER, Director Coordinator

Enge Teles Grilo - PROCALFER, Regionai Director

Enga. Fernanda Ladeira - PROCALFER, Sub-Regifo de Aveiro

Eng® David Crespo - Instituto Nacional das InvestigagOes Agr{colas
Eng2 Arnaldo Madeira - Divisdo de Mecanizag3o, MAFA

Eng® José Ramos Rocha - Divisdo de Mercado, MAFA

E. Project Location

The project was conducted in the Vagos area of the Beira Litoral region
during September and October. This area was selected for the following
reasons:

1. It is an important dairy area.

2. It is an important corn growing area.

3. There are large number of small farmers.

4. Strong local support was available from MAFA, LACTICOOP and the

Cooperativa de Vagos.

F. dOrganization of the Report

The remainder of this report is organized into six chapters that describe
the project and its results.

Chapter II describes the fundamentals of silage making.

Chapter III describes present silage making systems in Portugal, including
the crop, the equipment, the silos an¢ the current economic aspects.

Chapter IV describes the demonstrations of different silage systems made
during the project.

Chapter V contains the project team's recommendations for small farmer

silage systems. These recommendations include the design of an economic
system for small farmers, means of ownership and safety.
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Chapter VI describes the silage promotional and educational program for
PROCALFER and MAFA.

Chapter VII describes the project team's efforts to assist the Portuguese
farm machinery industry in evaluating small forage harvester manufacture.
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II. FUNDAMENTALS OF MAKING SILAGE

Making and feeding silage is a well-estatlished practice in Portugal and
throughout the rest of Europe and the United States. The purpose of this
chapter is to review some of the fundamental concepts of silage making,
which are useful regardless of location or the system of silage making.

Common sense, attention to details and good maragement are necessary to
make good silage. At least nine factors affect silage quality. As shown
in Figure II-1, they do not act independently but interact according to the
arrows in the figure. This chapter describes each of these factors and the
methods that can be used by farmers to maximize quality.

The definition of silage is relatively simple: silage is the feedstuff
resulting from the anaerobic preservation of moist forage crops or crop
residues by acidification, usually via bacterial fermentation. Silage
preserves a crop in the green stage for future use as a feed. It is
iuportant to remember that making silage only preserves a crop in the form
in which it is taken from the field and does not increase its feeding
value.

A. The Crop and Stage of Growth

Silage can be made with many different crops including corn, sorghum,
alfalfa, perennial grasses, summer annual girasses and cereal grasses. This
chapter focuses on corn silage.

As mentioned, the silage process only preserves a crop in the condition in
which it is harvested. For silage crops that contain grain, it is best if
the grain kernel is physiologicaily mature. For high quality corn silage,
the corn kernels should be fully dented. Research indicates that highest
total dry matter y.eld per hectare occurs between the dent and glaze stage
of kernel development. Tests with lactating cows also indicate that dry
matter consumption and milk production were higher with silages harvested
in more mature stages. The best corn silage is produced when the kernel is
in the hard dent stage of development. Farmers should frequently monitor
their fields, sampling ears from different locations in the field, to
determine when the corn is in the proper maturity.

B. Moisture

The most desirable fermentation acids are more 1ikely to be produced when
the moisture content of the silage crop is correct. If the silage is too
wet, butyric acid is more 1ikely to be produced, making the silage
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unpalatable or putrid. Also, silage that is too wet can seep and heat,
which decreases energy and protein digestibilities. Conversely, silage
made from a crop that is too dry will not ferment as much and probably will
mold. Dry silage is also more difficult to compact properly, increasing
the chance of a silo fire.

The best practical determination of the proper moisture content is to
squeeze the cut silage between the hands with hard pressure. If water
drips from the hands, the silage is too wet. If the silage springs apart
when released, it is too dry. But if the material stays a compact mass
with no dripping, the moisture content is about right for producing quality
silage. Normal corn in the hard dent stage has 65 percent moisture.

C. Fineness of Cut

Silage particle size is important for proper compaction in the silo and for
desirable fermentation. The finer the cut, the easier it is to do a
complete job of packing and sealing the silage mass. For corn silage, the
recommended Tength of cut is 0.65 cm to 1.25 cm. Fineness wili vary,
however, depending on the crop, power requirements and tonnage per hour. A
crop that is chopped too coarsely presents two problems. First, it is
harder to pack and traps too much air because of the larger particle size.
Second, more of the silage with Tong pieces is refused by the cattle at the
feed bunk.

Although packing is improved with finer chopped silage, it is undesirable
to chop the corn too finely. Finer chopping requires more power from
harvesting equipment. More important, very finely chopped silage can
inadequately stimulate rumination, thereby depressing milk fat, and can
cause undesirable fermentation activity in the rumen.

Sharp cutter knives and proper machine adjustment are the most important
factors in obtaining the desirable cut. This requires daily attention.
Cutting with dull knives results in jagged sharp pieces of stalk that are
unpalatable to cattle. Such a cut also impairs packing.

D. Silo Structure

The type of silo affects both the silage quality and the amount of
nutrients preserved. Losses between the amount of silage put in and taken
out can commonly reach 15 to 20 percent, mainly in the form of seepage,
spoilage and fermentation. Ideally, silos should be designed to reduce
spoilage losses although some loss is inevitable. This involves a design
that minimizes the exposed surface area during feedout and the amount of
time for which it is exposed. Elaborate, expensive structures are not
always necessary. Bunker or trench silos should be of sufficient width to
allow a tractor's rear tires to move across the entire width during
compaction, including the middle of the silo. Silos also need to be
situated on the farm so that they are protected from the weather and are
convenient to fill and feed out. The working face of the silo should be
away from the direction of the prevailing weather pattern.
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E. Packing and Filling

The technique of packing and filling a silo is extremely important to
making quality silage. Rapid establishment of anaerobic conditions in the
silage mass is the best way to curb "in-silo" nutrient losses. The sooner
silage material becomes anaerobic after filling the silo, the better the
chance for production of the more desirable lactic acids. This will result
in good silage that has a desirable odor and is more palatable to cattle.
There also will be less spoilage and loss from molding and carbonizing. To
help ensure rapid packing and filling, the tarmer should make sure the
equipment is in good repair before he begins cutting the silage.

The silage should be packed as well as possible while the silo is being
filled. Each load dumped in the silo should be compacted and, if possible,
the compacting tractor should operate continuously between loads. Trench
or bunker silos should be filled so only a small surface area is exposed to
the air. They should not be filled layer-by-layer the entire length of the
silo. Examples of the proper and improper ways to fill a bunker type silo
are shown in Figure II-2.

As soon as the silo is full, it should be covered quickly and the surface
sealed with plastic to keep out air, rain or snow. Quick sealing makes for
less spoilage. The plastic should be weighted down to seal properly the
silo and to prevent blowing.

F. Feedout

After good silage is made, it is importani to keep it fresh as it is being
fed out. Once the silo is opened, the silage is subject to the influence
of air for the remainder of the feedout period. Aerobic microorganisms
grow in the aerated silage and cause a loss in nutrients and, thus, feed
value. Losses from aerobic deterioration can be quite high and once the
deterioration begins it is practically impossible to stop.

There are no rules about minimum or maximum removal rates. However, to
minimize losses, the silage face should be exposed to air for as short a
time as possible. This is especially true in warm weather when conditions
favor growth of fungi, molds and other aerobic organisms. If possible,
long narrow silos can be constructed to achieve the highest feed-back rate
and minimize the exposed surface area. Also, the problem can be reduced by
feeding every day and by replacing the cover of the silo between feeding.

Silage has usually stabilized about twenty days after the silage is made
and can be fed then.

G. Weather
Weather, although out of the farmer's control, interacts with most of the

other factors discussed in this chapter. Rainy weather can delay harvest
and prevent corn from being ensiled at the optimum stage of growth. Rain
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Figure II-2. Side views of improper and proper methods
of filling a bunker silo
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is also undesirable while the silo is being filled or while it is openad
for feedout. Hot dry weather is also a problem if it causes the corn to
ripen before the farmer is prepared to make silage.

H. Additives

Good silage fermentation produces a well-preserved, palatable feed with
minimum Toss of nutrients. However, conditions for making silage are not
always ideal (changing weather, equipment breakdown, corn that is too wet
or too dry). Use of silage additives can reduce risks when making silage.
The four types of commercial additives available are:

1. acids for direct acidification,

2. preservatives such as sterilants or fatty acids,

3. feedstuffs such as molasses, grain or nonprotein nitrogen, and
4. fermentation aids such as inoculants, enzymes and antioxidants.

In the past 30 years, acids (especially formic acid) were widely accepted
and used in Northern Europe and Scandanavia where high-moisture, direct-cut
grasses were difficult to field-wilt and ensile properly. Molasses and
other carbohydrate sources are sometimes added to legumes to assure
sufficient lactic acid production during fermentation.

However, additives are not needed to make satisfactory corn silage in
Portugal if the silage making techniques described for small farmer silage
systems are followed. At some future time, consideration could be given to
using inexpensive feedstuff or fermentation aid additives to improve silage
quality and to reduce shrinkage.
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ITI. PRESENT SILAGE MAKING SYSTEMS IN PORTUGAL

A. Background

In the Beira Litoral, silage making is well known although practiced by
only a few of the larger dairy farmers. In the Vagos area, there were two
silos filled in 1981 and five were filled in 1982. In 1983, interest in
silage was very great among dairy farmers. This interest was reflected in
a 1983 survey of farmers in the Entre Douro e Minho and Beira Litoral
Regions conducted by MAFA personnel and U.S. consultants.

In the survey, fifty-eight of fifty-nine farmers said they have knowledge
of silage and thirty-seven of forty-two farmers without a silo said they
would like a silo (Tables III-1 and III-2). The farmers that have used
silage were unanimous in 1iking silage as cattle feed (Table III-3). The
survey clearly revealed that larger farmers are more likely than smaller
farmers to have silos. As shown in Table III-4, the incidence of silos
declines with sizes of cattle herd. Seventy-one percent of farms with
twenty or more cattle have silos. Incidence of silos is only 22 percent
of farms with herds of ten to nineteen cattle and 10 percent of farms with
herds of five to nine cattle. Among farms with herds of fewer than five
cattle, only 5 percent have silos.

In Table III-5, the reasons for not making silage are shown. Cf the eleven
reasons given by farmers, seven are positively addressed in this report so
that the recommendations of this report should stimulate increasing silo
numbers.

An overview of current corn harvest practices and silage systems will

describe: the crop, the equipment such as harvesters and wagons and the
types of silos used.

B. The Crop

The project team observed several types of corn growing in the Vagos area
and several systems of utilizing the corn. The traditional harvest method
was seen:

1. harvesting the bandeiras, or tassels, for green fodder prior to
the maturation of the remainder of the corn plant; (also some
corn is planted in ultra-high density and later thinned to
provide forage),
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Table ITI-1. Farmers' knowledge of silage,
among farmers not having a silo,
classified by size of cattle enterprise

Number of cattle

Knowledge of silage 2 2-9 10-19 20+ Total
Has seen silage, knows
what it is 19 22 13 4 58
Is not acquainted with
silage = 1 = okl 1
Total 19 23 13 4 59
Source: MAFA and DPRA survey, July - August 1983
Table ITI-2. Farmers' interest in having a silo,
among farmers not currently having a silo,
classified by size of cattle enterprise
Interest in having Number of cattle
a silo 5 5-9 10-19 20+ Total
Would 1ike to have
a silo 8 14 10 5 37
Not interested in
having a silo 2 2 1 -- 5
No opinion - _ _ . .
Total 10 16 11 5 42

Source: MAFA and DPRA survey, July - August 1983,
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Table III-3. Opinion of silage as a cattle feed,
among farmers feeding silage

Opinion Number farmers

Likes silage as a cattle feed 19
Does not Tike silage as a cattle feed -

Total 19

Source: MAFA and DPRA survey, July - August 1983,

Table III-4. Extent to which farmers interviewed
owned a silo,
classified by size of cattle operation

Number of cattle

Ownership of cattle <5 5-9 10-19 20+ Total
---------------- Number of farmers------e-ceeeaaoo
Own silo 1 3 4 17 25
Do not own silo 19 26 14 7 66
Total 20 29 18 24 91

Source: MAFA and DPRA survey, July - August 1983.
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Table III-5.

Farmers' reasons for not making silage,

classified by size of cattle enterprise

Number of cattle

Reasons <h 5-9 10-19 20+ Total
---------------- Number of famers---eecceceeaa_-

Not interested in
silage 2 2 2 6
Cannot afford, or
get the use of a
forage harvester 2 8 5 2 17
Does not know how
to make silage 1 5 6
Does not have a
silo 1 1
Not enough Tand
to grow corn for
silage 8 3 2 12
Lack of space 2 2
Tou old 3 2 1 5
Does not have
enough cattle 6 1 1 8
Materials shortage
uses hay 1 2 3
Cannot afford to
build silo _ _ . 1 1
Total 21 22 15 6 61
Source: MAFA and DPRA survey, July - August 1983.
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2. shucking and shelling corn for grain, and
3. racking corn stover to dry and stoyre as fodder,.

Cutting corn silage with a field chopper was also observed. Portuguese
forage needs are becoming crucial since the rapid rise in feed prices. The
dairy cow needs silage as a forage source and dairy cows are very important
to the economic viability of smzl11 farmers. These cows provide milk,
transportation, manure, meat and hides. Many farmers consider manure to be
the most important.

The four types of corn grown in northern Portugal are:

1. simple,

2. hybrid,

3. second year, and
4. regional.

Hybrid corn is superior for silage but suffers if the farmer follows the
traditional method of cutting off the bandeiras. Hybrid corn silage yields
of 11 to 13 tonnes (dry matter basis) per hectare are possible if the
farmer uses advanced techniques. Such advanced techniques are not common
among smaller farmers. Although regional corn is roughly equivalent to
hybrid corn in grain yield, it provides only about 7 to 8 tonnes per
hectare of silage. Second-year corn is grown from seed saved from harvest
of hybrid corn and is vastly inferior to hybrid or regional corn. Figures
III-1 through III-6 show aspects of corn production and harvesting in
Portugal.

- C. The Equipment

Tractors are required as a power source to make silage but will not be
discussed specifically. Tractors were very common and covered a broad
range of European and U.S. makes in the 25 to 65 HP sizes. Tractors have
year round use and most farmers own or have access to one.

The equipment that does require some discussion are the choppers and the
wagons,

1. The Silage Harvester

The common types observed in the survey of the Aveiro/Vagos area were one
row field harvesters of the knife type and a few field harvesters of the
flail type. The flail type harvesters are not recommended for making corn
silage because of the irregular, ragged and long pieces of silage that
results from its chopping action.

The knife type harvester is better suited for finely chopping silage in the
field one row at a time. European makes available in Portugal include
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Figure III-1. Yields of corn silage for demonstration silos
varied from 25 to 42 metric tens per hectare.
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Figure I1I-2. Another harvest alternative is the cutting of corn
flags in mid-season to use as forage. The remaining corn plants mature and
the corn is harvested for grain in the fall.

}

Figure III-3. Cut corn flags stacked in the barn.
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Figure III-4.

Mature corn in the hard dent stage, ready
for harvest as silage.
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Figure III-5,

Manure from the dairy cow is returned to the
field for spreading.
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Figure III-6. The traditional use of corn stalks is rack
drying for roughage.
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Cuny, Kemper and Kuhn from West Germany and Taarup and Ugerlose from
Denmark. Figures III-7 through III-9 show the harvesters that were seen in
action. Prices of new current models were reported to be 280 to 300 contos
(1,000 escudos) at the dealer. This is equivalent to US $2,200 - $2,400.

Information about field-chopper ownership was gathered in the MAFA survey
and is summarized in Table III-6. Farmers with large cattle herds were
most 1ikely to own a machine by themselves. Seventy-five percent of farms
with herds of twenty or more cattle have their own field-chopper. Only one
farmer with a herd of five to nine cattle owned a machine individually.

The more common arrangement for smaller farmers was to own a field-chopper
with one or two partners.

2. The Wagons

The wagons for transportation are an essential part of the silage making
system. They are needed to bring cut corn fodder to the silo area for
chopping by a stationary machine or to follow the field chopper and
transport chopped silage to the silo for dumping. The distances between
corn fields and silo varied from a few hundred meters to several
kilometers.

The corn cart is the old established transport system very much in use by
dairy and othar farmers alike. Many loads of corn fodder, manure and other
products are carted on the roads. Silage was universally carried in a
two-wheel trailer pulled by a tractor. These wagons were used singly or in
combinations of two with one wagon behind the chopper and the other wagon
going to or from the silo. The wagons are equipped with hydraulics to dump
to either side or to the rear, which was a well-used feature because of the
small maneuvering space near silo locations. Figures III-10 through III-14
show examples of such wagons. Both low-sided and high-sided wagons were
common, as was the practice of packing silage in the wagon, which in some
cases made unloading very difficult.

D. The Silos

During the first days of farm visits, existing concrete and tile bunker
silos or silos under construction were seen. Most of these silos were on
farms with more than ten milk cows, indicating that promotion of concrete
bunker silos by regional technical personnel had been effective for the
Targer farmers.

The similarity in appearance and size of these silos also showed that
standard plans had been followed. Examples of some of the silcs seen in
both the unfilled and the filled stages are shown in Figures III-15 through
[1I-23.

Three specific features observed in this survey were noted and discussed:
1. plastic covered with sand on the completed silo,
2. narrow bunkers in difficult locations for complete tractor
compaction, and
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Figure III-7. Danish-made field chopper that will soon be produced
under license in Portugal by Herculano, S.A.R.L.

Figure I1I-8. Another
Taarup model; this is a
flail-type grass chopper
not recommended for corn
silage.




Figure III-9.

A German-made field chopper one of several
imported machines sold in Portugal.
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Table III-6.

Sources of forage harvesters used by farmers,
by size of cattle enterprise

Source of forage
harvester

Number of cattle

<5 5-9 10-19 20+ Total

Owned by individual
farmer

Owned by three-man
partnership

Owned by four-man
partnership

Other source

Total

1 12 13
1 1 3 5

1 1 2
1 - — L
3 2 16 21

Source: MAFA and DPRA survey, July - August 1983.
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Figure III-10.
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A common transportation methiod with a cow or
"boi" (ox) as the motive power.
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Figure III-11. A 3-way hydraulic dump wagon speeds
the building of monte silo.

Figure III-12. A chopper/wagon combination opening a
field of corn.
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A good highsided 3-way dump wagon.

Figure II1-13.

With highsided wagons the second man need not

Figure I11-14,

pack silage in the wcgon.
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Figure III-15. A new concrete and tile bunker silo ready
for 1983 silage.

Figure III-16. A below-grade bunker silo new for 1983
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Figure II1I-17. A filled bunker silo with roof.
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Figure I11-18. A two-layer bunker silo. The bottom layer is
filled with silage and covered with plastic and wood

slats, ready for a second layer.

R S

I11-19



Figure TII-19. Two bunker silos with corrugated tin roof.
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Figure II1I-20. A similar double silo after filling; this is the
most common silo type found in survey.
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Figure III-21. A below-grade bunker silo with plastic
and sand cover
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Figure III-22. An above-grade, low-cost wood frame bunker silo.
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Figure III-23. A very high two part silo with rear half almost
filled; front half is partitioned by wood planks and
will be filled later.
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3. bunker silos below ground ievel with no drainage possible for
either rain water or silage effluent.

E. Economic Analyses of Producing Corn for Grain and
Corn for Silage 7n Portugal

Although the principal emphasis of this project was on the technical
aspects of making silage, it is also important to consider the economic
viability of switching from traditional corn production. This section
briefly outlines some of these economic aspects and presents budgets
comparing the two uses of corn.

Economic evaluation of corn silage is difficult because technical
efficiency of the silage system and the silage feed value are variable.
The possible economic and social reasons behind farmers’ switching from
corn grain to corn silage include:

1. increased mixed feed prices following the elimination of
subsidies,

2. becoming less dependent on imported feedstuffs,

3. making better use of available resvuurces, such as the
forage/ruminant system, and

4. increasing farner income.

Traditional corn production in the Beira Litoral region serves the dual
purpose of providing human food and animal feedstuffs. Farmers typically
grow this corn with predominantly onfarm inputs. Such activities as
manuring, seeding and weeding are frequently done by hand. Transportation
and power are provided by a combination of tractors and draft animals.
Corn is grown on small farms in small fields, almost always of less than
5,000 m2. Because of this smail field size, the pro forma budgets
presented in this section are based on 5,000 m2 plots (one-half hectare).

The budgets compare the costs and returns of growing corn silage and
growing corn for grain. The corn budget represents a system of
medium-level technology. The costs consist of such fixed input costs as
tractors and machinery and such variable input costs as seed and
fertilizer. The assumptions supporting the fixed input costs are
summarized in Table III-7. Acquisition costs are based on dealer prices or
other published sources. The hourly costs represent the annual
depreciation and interest allocated over an annual usage rate. These fixed
input costs are charged against the half hectare according to the fixed
input requirement in hours and the hourly cost.

The variable inputs are aggregated to a half-hectare budget in a similar
way. The unit cost of the input and the number of units rejuired per
half-hectare are used to derive the total of each variable input. The
variable input unit costs are based on the project team's conversation with
farmers, cooperatives and suppliers and other published sources.
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Table III-7. Fixed inputs costs for corn and silage
production in Beira Litoral
(A1 costs 1933 Escudos)

Purchase Salvage Useful Annual Depreciation
Input price value life use and interest 1/ Fue? Repairs
(Contos) 2/ (Contos) (Years) (Hours) — -—-—-=—--C (Escudos por hora)-—-——--=--
Tractor 50 hp | 1,500 300 10 700 | 322 150 86
Plow 60 0 20 100 70 25
Seeder/Fertilizer 235 0 15 100 308 73
Fertilizer Spreader 65 0 15 100 85 33
Sprayer 132 0 10 125 172 110
Corn Chopper 275 55 10 100 413 86
Wagon 220 44 15 300 92 46
Cultivator 30 0 20 150 23 37
Disk 60 0 20 100 70 25
Irrigation System 480 0 10 300 260 80

1/ Straight-line depreciation and interest rate of 10 percent per year.
2/  One-thousand escudos.



Although traditional corn production is characterized by high labor
requirements, the opportunity costs of this labor are minimal. In this
analysis, labor is not included as a direct input but is captured as a
return to the farmer's management and his labor.

Outputs of the corn for grain system consist of corn grain, bandeiras that
are fed as green fodder, and postharvest fodder. VYields of each are
multiplied by approximate unit values to calculate the total outputs. The
output values less the input values is the net return of the farmer for
this system.

The only output of the corn silage system is corn silage. It is valued for
this analysis in terms of its feed value in replacement of other
feedstuffs, based on an average cost per unit of feed value replaced.

The pro forma budgets in Tables II1I-8 and III-9 show a higher net return
from corn silage than from corn. Growing corn for grain nets the farmer
nearly 27 contos per half hectare. Growing corn silage nets the farmer
slightly more than 51 contos, excluding the cost of the silo.

The corn silage budget was prepared excluding the cost of the silo to
assess the effects of different silos on the ret return. Silo construction
costs can range from the cost of plastic for a simple monte silo up to the
costs of tile, reinforcing rod and concrete for a bunker silo. Costs of
wooden-sided or trench silos 1ie within that range. Table III-10 compares
the net returns for corn grain and silage. A monte silo is projected to
have a final net return of almost 50 contos per one-half hectare. A bunker
silo is projected to have a final net return of slightly more than 43
contos per one-half hectare. Both of these returns are substantially .
higher than the return the farmer realizes if he grows corn for grain.
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Table III-8.

Corn grain budget - Beira Litoral, 1983

one-half hectare

Units per Unit Total
one-half hectare cost cost
------- (escudos)=====-
Fixe” Inputs:
Tractor 24.5 hours 322% 7,889%
Plow 2.5 hours 70% 175%
Disk 1.0 houws 70% 70%
Seeder 1.0 hours 308% 308%
Wagon 7.5 hours 92% 690%
Cultivator 5.0 hours 23% 115%
Shelling 3.0 hours 200% 600%
Cleaning 1.5 hours 150% 225%
Fertilizing 2.0 hours 100$ 200$
Tillage 1.0 hours 30% 30%
Irrigation 10.0 hours 260% 2,600%
Total Fixed Inputs 12,902%
Varijable Inputs:
Regional Seed 12 Kg 30% 360%
Nitrogen 150 Kg 6% 900%
Parts/Repairs NA NA 1,000%
Fuel 24.5 hours 150% - 3,675%
Total Variable Inputs 5,935%
Total Costs per One-half Hectare 18,8375
Qutputs:
Grain 1,500 Kg 23% 34,500%
Bandeiras 500 Kg 2$50 1,250%
Fodder 4,000 Kg 2$50 10,0009
Total Outputs 45,750%
Net Return per One-half Hectare 26,913%
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Table III-9. Corn silage budget - Beira Litoral, 1983
one-half hectare

Units per Unit Total
one-half hectare cost cost
------- (escudos)=~===-
Fixed Inputs:
Tractor 25.2 hours 322% 8,114%
P1ow 2.5 hours 70% 1753
Disk 1.0 hours 70% 70%
Seeder/Fertilizer 1.0 hours 308% 308%
Liming 0.3 hours 85% 269
Sprayer 0.7 hours 172% 1203
Field Chopper 8.0 hours 413% 3,304%
Wagons 9.2 hours 92% 846%
Cultivator 2.5 hours 23% 58%
Irrigation 20.0 hours 260% 5,200%
Total Fixed Inputs (not including silo) 18,221%
Variable Inputs:
Hybrid Seed 15 Kg 85$00 1,275%
Limestone 500 Kg 1$50 750%
Nitrogen 250 Kg 6500 1,500%
N.P.K. 300 Kg 8300 2,400%
Herbicide 31 iters 610$00 1,830%
Fuel 25 hours 150$00 3,780%
Parts/Repairs NA NA 1,500%
Total Variable Inputs without Plastic 13,035%
Total Costs per One-half Hectare (not including silo) 31,256%
Qutputs:
Corn Silage* 16,000 Kg 5825 84,000%
Net Return (not including silo) 52,744%

* Assumes 20 tonne yield per half hectare and 20 percent shrinkage.
Silage is 35 percent dry matter with 0.75 forage units per kilogram of
D.M. Weighted average cost of a forage unit, based on farmers
traditional, winter use of fodder, hay, corn and mixed feed in 20$00.
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Table IIT1-10. Comparison of annual returns of corn silage
in two different types of silo and of corn grain

Corn silage

Monte silo Bunker silo Corn
---------- escudos per one-half hectare-------—--
Net annual return
excluding silo cost 52,7445 52,744%
Annual silo cost 3,000% 1/ 9,500% 2/
Annual return 49,744% 43,244% 26,913%

1/ Cost of plastic.

2/ Cost of plastic and annualized cost of silo with initial construction
cost of 65 contos (1,000 escudos) and useful life of ten years.
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IV. SILAGE MAKING DEMONSTRATIONS

The original Work Plan for this project assumed that the field work of
surveying farms in various regions would be completed in August. This
timing would have allowed visits to several regions with adequate time to
negotiate with technical persons of Direccao Regional of MAFA, cooperatives
and farmers to select the broadest type of silo demonstrations. However,
as the project actually began on September 1, it was necessary to meet
quickly with one regional group of technical persons from MAFA and
cooperatives to integrate proposed actions with these Portuguese
counterparts. Field trips were arranged to see farms, silos, corn
production and silage making status of the region.

The Aveiro Subregion was selected for this purpose and close cooperation
with the Cooperativa Agricola e Leiteira de Vagos was offered and accepted
for purposes of survey and demonstration. In preliminary meetings with the
technical persons of the Direccao Subregional and the Cooperative, the
project team proposed to demonstrate silage making with the following
variations:

1. Chopper
a. field chopper
b.  fixed chopper-ensiler at the silo

2. Silo Type
a. clamp silo
b.  bunker silo above ground
c. bunker silo below ground

On the basis of the survey of farms and equipment in the region, it became
apparent that two adjustments would have to be made to the above
variations. First, many field choppers were available but no stationary
machines were available for demonstration. A stationary forage chopper and
blower made by Metalurgica Duarie Ferreira, S.A.R.L. (a Portuguese company)
was found at a machinery dealer. Arrangements were quickly made by the
cooperative to purchase this machine, to modify it for transport from

farm to farm and to install an internal combustion engine on it to operate
the chopper by a flat belt.

Second, in the proposed demonstrations the trench silo was eliminated. In
the Vagos area, there are few hills into which a trench silo could be built
and the very high water table and sandy soil of the region would not allow
underground construction. However, in areas that are suitable, the trench
silo is an economic and practical way to store silage,
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After consideration of the major factors that affect the arrangements for
demonstrations such as location, type of silo, equipment availability,
maturity of corn crop and other work schedules, six silage making
demonstrations were arranged and completed between September 14 and
October 6,

The six farmers and type of silo are listed below:

1. Sr. Antonio Joao da Cruz Custodio - Monte/no walls

2. Sr. Aristides Costa Modified Monte/1 wall

3. Sr. Basilio Simoes "Salome" Modified Monte/2 walls

4, Sr. Manuel Ribeiro da Costa Modified Monte/2 walls

5. Sr. Joao Moco Wooden Bunker

6. Sr. Artur Antonio Concrete Bunker

In the tables and figures that follow, some of the details of each
demonstration are clearly shown. Table IV-1 shows the details of the silo
at each demonstration as well as the corn condition, the equipment used,
the number of workers and the estimated time for the complete operation.
Table IV-1 also shows some of the characteristics of the farms on which the
demonstrations were made.

Figure IV-1 contains schematic drainage of the six silos used in the
demonstrations. Figure IV-2 shows some of the spectators who attended the
first demonstration. The remaining figures, Figures IV-3 through IV-8, are
grouped by demonstration to present a serial of the activities at each of
the six demonstrations.
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Table IV-1.

Silage demonstrations, characteristics of silos, harvesting and compaction,
equipment and labor used, total costs and farm characteristics

Joao da Cruz Aristides da Basilio Ribeiro Juuo Artur
Custodio Costa Simoes da Costa Moco Antonio
(1) (2) (3) (1) (5) (8)
Silo Type Monte 1 ¥Wall 2 Wall 2 Wall Bunker Bunker/Pit
Mod/Monte Mod/Monte  Mod/Monte
Base Soil Soil Concrete Soil Concrete Concrete
Cover Clear Clear Clear Cl2ar and Roof/clear Clear
plastic plastic plastic black plastic plastic plastic
Capacity M3 7.0 12.8 7.5 14.0 21.0 22.5
Dated Filled 9/20 9/14 9/22 10/6 10/3 10/6
Silage Chop Field Flail Field Fixed/field Field Chopper/ensiled
Taarup Taarup Taarup Taarup Taarup
Compaction Tractor Tractor Tractor Tractor Tractor Fair
good good good good
Moisture Dent/miTk -- - Dent 60+ Oent 60+ Dent/milk
60+ 70
Type of Corn Hibrido Milharada Regional Hibrido Regional Regional
Equipment Used
Tractor 1 1 1l 1 2 1
Wagon 2 1 2 2 2 2
Tractor and
Field Chopper 1 1 1 1 1 -
Fixed Chopper - - - - - 1
Labor
Man Hours 20 24 12 48 30 36
Woman Hours -—- .- 8 - 16 24
Approx. Per/hrs 20 24 20 48 48 60
Total Costs -
Escudos 2,520 12,400 13,740 27,580 29,060 30,340
(excluding silo)
Farm Size
No. of Cows 4 8 10 9 15 10
Total Hectares -- -- 5 -- - -
Corn Hectares 0.110 - 0.250 -- 0.400 0.300
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Figure IV-1 Types of silos used in each demonstration.

1. SR. ANTONIO JOAO DA CRUZ CUSTODIO - MONTE SILO - NO WALL

e
OO

SOIL BASE

2. SR. ARISTIDES COSTA - MOD/MONTE -~ 1 WALL

CONCRETE BASE WITH
DRAINAGE
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Figure IV-1l (Continued)

4. SR. RIBEIRO DA COSTA - MOD/MONTE - 2 WALL

SOIL BASE
CAPACITY 15.75M
SOIL BASE

5. JOAO MOGO INSIDE BUNKER

CONCRETE BASE
WITH DRAINAGE

CAPACITY 21M3 CAPACITY

6. SR. ARTUR ANTONIO HALF BURIED BUNKE
&rn<———~zs-———+4

FIXED MACHINE FILL
HAND CUT FODDER ;
NOT WELL COMPACKED

SOME VERY WET CORN )//

24
CAP 1X9X2.5= 22.5M°
CONCRETE BASE/NO DRAINAGE
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Figure IV-2. Shown here are some of the 100 people who attended
the demonstration of the first monte silo.
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Figure IV-3. Demonstration at farm of Joao da Cruz Cristovao
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3a. James Musil, Consultant, and farmer "Valente" at the
corn field one week before harvest.
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3b. Nelson Teles, MAFA, Luis Lopes USDA, "Valente,"
Cartos Souto, Cooperativa de Vagos and Musil

discuss the Tocation of a monte silo.
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Figure 1V-3 (Continued)

3c.

Corn at time of harvest was in preliminary dent
stage of kernel.
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Corn harvested for silage with one-row taarup field
chopper, of knife type.
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Figure IV-3 (Continued)

3e. Straw is spread on the bare ground for silo base.
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3f. The first load is side dumped.
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Figure IV-3 (Continued)

3g. Some hand shaping and spreading are required
before packing each load.
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3h. Additional Toads are placed on the pile.
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Figure IV-3 (Continued)

3i. Spectators watch the mounting pile of silage.

3j. Packing by tractor is necessary after every load.

IV-11



3k.

Figure IV-3 (Continued)

Packing reduces the bulk and eliminates air from the

31. Eight loads completely packed.
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Figure IV-3 (Continued)

3m. Souto and Musil measure carefully for plastic cover.

3n. Plastic-covered monte silo is sealed with dirt
from drainage ditch.
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Figure IY-3 (Continued)

Teles and Souto at the finished silo; old tires
and straw cover the plastic.
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Figure IV-4. Demonstration at farm of Aristides da Costa.
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4a. Flail-type field chopper loading a wagon for transport.

4b.  Flail-chopped silage is not usually recommended
because it is not chopped finely enough.
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Figure IV-4 (Continued)

4c. Dumping the first Toad; note plastic already

positioned on the wall.

4d.

Packing silage after each load is an important step
in making good silage.
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Exhibit IV-4 (Continued)

N~

4e. Preliminary steps of covering packed corn
silage with plastic

4f. The nearly completed silo with approximately 13 cubic
meters of well-packed corn silage.
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Figure IV-5. Demonstration at farm of Basilio Simoes

This modified monte silo with two walls contains
about 7.5 cubic meters of packed silage.
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Figure IV-6. Demonstration at farm of Ribeiro da Costa.

ba. Ribeiro da Costa (center) and the project team discuss
the pest type of silo for this location.

6b. Completed two-wall monte silo.
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Figure IV-7. Demonstration at Farm of Joao Moco
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Figure IV-8. Demonstration at farm of Artur Antonio

8a.

s T E RS
giﬁaégaiﬁ

s YO~ -3
™~ (.\"ﬁ..."./-,\

Irregularly shaped concrete bunker silo with floor
about 30 cm below ground level,

8b.

Cut corn fodder ready for chopper-ensiler to cut
for silage and blow into silo.
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Figure IV-8 (Continued)

8c. Chopper-ensiler
ready for chopping
and filling
operation.

o o
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8d. Bunker silo filled and sealed with plastic and sand.
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V. RECOMMENDATIONS

Based on the review of current silage systems and experience with the
silage-making demonstrations, the team has formed a set of recommendations.
These recommendations cover silo design, equipment and forms of equipment
cwnershin, o

Within the limits of the fundamentals of making silage, there are many ways
to store silage. As more farmers make silage they will learn by experience
<ome ways to improve their techniques. The recommendations presented here
are based on established ideas from Europe and the United States, adapted
for small farmers. Many of these recommendations will probably be adopted
eventually by Portuguese farmers.

A. Silo Design

The project team recommends that small farmers use a monte (or clamp) silo
to store silage. This section also deals briefly with some ideas for
bunker and trench silo design that might be used by larger farmers.

1. Monte Silo Advantages

A monte silo has the following advantages for small farmers.
a. Inexpensive and simple to construct (usually less than one hour).

b.  Flexible investment in storage for intensive farms that rotate
crops.

C. Easy to pack thoroughly entire silage mass to maximize quality of
silage. :

d. Locatien is flexible.
e. Size and shape can vary to meet needs.

f.  Excellent means of handling excess silage that overflows existing
silo (Figure V-1).

g. Silage effluent does not collect in silo, making it possible for
intensive farms to chop corn at slightly higher moisture if
necessary to plant next crop in fall.

These advantages are the basis for recommending the monte silo.
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Figure V-1. Here a monte silo is used to store overflow
silage from two existing bunker silos.

Figure V-2. During wet weather good drainage around the base of a
monte silo is essential. Note use of pumpkins as plastic weight.
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2. Monte Silo Design

The first consideration in designing a good monte silo is choosing the
Tocation. The main requirements for a site are:

a. It should be a high place for drainage of rainwater and silage
effluent (Figure V-2);

b. It should be in an area with easy access for dumping the silage
and packing it with a tractor;

c. It should not be Tocated near potential rodent harbor; and
d. It should be convenient to where the animals will be fed.

Monte silo designs are simple because they are packed and covered piles of
silage on the ground or against one or two walls. A base of scattered
straw is recommended. The approximate dimensions for different sizes of
simple monte silos are shown in Table V-1.

The next important design conside.. ion is proper shaping and packing of
the monte silo. The important aspects of this process are:

a. Shape and pack every load after it is dumped;

b. Drive slowly over entire mass of silage; do not switch directions
while rear wheels of tractor are on silage mass;

c. If the pile is steep or loose, do not back onto pile;
d. Pack sides using front wheels of tractor;
e. Safety in tractor operation is of primary importance!

The final design consideration is sealing the monte silo. The pile should
be covered with plastic and the edge sealed by covering it with dirt. This
seal can easily be achieved by digging a drainage ditch around the silo and
putting the soil on the edge of the plastic. Black plastic is preferred to
clear plastic because the black plastic absorbs sunlight and heats the
silage mass, aiding fermentation. Some farmers think that clear plastic is
undesirable because birds will peck holes in the plastic trying to eat the
grain in the silage. There is no documented evidence of this problem. The
plastic should be weighted down with tiles, stones, tires or pumpkins to
prevent blowing by the wind. These objects are easily removed at the time
of feeding. Many Portuguese farmers cover the plastic with a layer of sand
or dirt. This lends opacity to clear plastic but does not benefit the
silage the way black plastic does. It does protect the plastic if the
farmer feels this is necessary. At feeding time, sand requires more work
to remove and is more 1ikely to mix with silage than such solid objects as
tires.
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Table V-1. Approximate size requirements 1/ for monte silos

Number of cows

[tem 2 4 b 8 10
Volume (m3) 12.8 25.5 38.3 51.0 63.8
Capacity (MT) 8.2 16.4 24.6 32.8 41.0
Height (m) 1.1 1.4 1.6 1.8 1.9
Diameter (m) 5.0 6.4 7.3 8.0 8.6

1/ Based on following assumptions:
IM3 = 642 kg of packed silage;
1 «.w consumes 18.2 kg of silage per day for 180 days;

Shrinkage and spoilage of silage is 20 percent.
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After a monte silo is filled the farmer must monitor it for two important
reasons. First, if rats or birds make holes in the plastic cover, the
farmer should patch the holes as soon as possible. Although the hole will
have allowed some damage to the silage, the damage will be limited if the
hole is promptly patched. Second, the farmer should carefully observe the
silo site during rainy periods, especially the first time after the silo is
filled. The best time to observe behavior of runoff is while it is
raining. If there is not adequate drainage away from the silo, the farmer
should alter the drainage ditch around the silo (Figure V-2). If the silo
is Tocated in the middle of a large, sloped area, it might be necessary to
build a berm above the silo to divert runoff around the silo.

3. _Bunker or Trench Silo Design

Although the project team is recommending monte silos for small farmers,
some farmers might desire to build bunker or trench silos. Trench silos
are not feasible in the study area of this project because the water table
is high and the sandy soil is subject to caving. Bunker and trench silos
are more expensive than monte silos but they can be larger than monte siles -
and they are permanent.

The approximate dimensions of bunker or trench silos to support different
size cow herds are shown in Table V-2.

The important design considerations of a bunker or trench silo are:

a. They must be of sufficient width to allow a tractor to pack the
entire width of the silage mass; if they are too narrow, the
silage in the center will not be packed.

b.  There must be drainage of rainwater and silage effluent out the
entrance of the silo. This means the floor of the silo must be
sloped toward the entrance of the silo and the entrance must be
1t a grade above the surrounding ground. Silos with flonrs below
the grade of the entrance will trap rainwater and silage
effluent,

C. Trench silos should be dug into hillsides to assure proper
drainage.

B. Equipment and Harvesting Practices

Most of the types of equipment that are recommended by the project team are
already widely used in Portugal. 1In larger fields, the one-row field
chopper is the best system. In smaller fields, a less widespread system
where the farmer transports cut corn to the silo and chops the corn at the
entrance of the silo is recommended. The necessary equipment for each
system is listed beiow.
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Table V-2,

Approximate size requirements 1/ for bunker

and trench silos

Number of cows

Item 2 4 6 8 10
Volume (m3) 12.8 25.5 38.3 51.0 63.8
Capacity (MT) 8.2 16.4 24.6 32.8 41.0
Length (m) NR NR 9.6 10.1 10.6
Width (m) NR NR 2.0 2.5 3.0
Height (m) NR NR 2.0 2.0 2.0

1/ Based on following assumptions:

IM3 = 642 kg of packed silage;

1 cow consumes 18.2 kg of silage per day for 180

Shrinkage and spoilage of silage is 20 percent.

2/ NR = Not recommended.
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Large fields Small fields

1 field tractor 1 transport tractor (optional
1 transport tractor if draught animals used)
1 packing tractor 1 packing tractor
1 one-row field chopper 1 motor driven or PTO
2 wagons chopper-ensiler
1 wagon

Demonstrations described in Chapter IV utilized both systems with knifetype
choppers. Flail-type choppers are not recommended for corn silage because
they do not chop finely.

One equipment change recommended by the project team concerns wagons used
to transport silage from the field to the silo. First, farmers should use
high sides on tne two sides and rear of the wagon. Increasing the wagon's
volume allows him to haul the same weight without having to pack the silage
down into the wagon. Packing in the wagon requires more work at unloading.
Long delays for unloading might idle the field chopper while it waits for
the empty wagon to return to the field. Unloading is easy when the silage
slides out of the raised wagon. More importantly, high sides make it
unnecessary to have a man ride in the wagon to level and pack the load.
This saves labor in the field. It also frees one person whose time could
be better used in compacting at the silo. The preferred wagon box design
is shown in Figure V-3.

Second, farmers can save time unloading if they build a one-piece tailgate
that hinges at the top. This tailgate, shown in Figure V-4, is most useful
for larger farmers or custom operators who put up many loads of silage and
want to unload quickly. It is used in place of the wagon's regular
tailgate.

C. Equipment Ownership and Operation

One of the main obstacles facing small farmers who wanted to make silage in
the past was the relatively high cost of a field chopper. As silage-making
becomes more popular in Portugal, small farmers must find ways to overcome
this obstacle with economic methods of ownership. This section discusses
some of the alternatives and recommends the preferred options.

1. Ownership Alternatives

There are four possible systems of equipmant ownership:

a. Individual farmers
b.  Partnerships

c.  Custom operators
d. Cooperatives

Ownership by an individual farmer makes for the greatest equipment expense.
Most small farmers will not make enough silage to absorb that expense. The
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Figure V-4.

Recommended design for a silage wagon tailcate
that hinges at the top
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advantages of individual ownership are that the farmer and no one else, is
responsible for the operation and maintenance of the machinery and that the
machine will be available when he is ready to fill silo.

Partnership of two or more farmers who own a field chopper is fairly
common, according to the survey of current silage-making practices. The
chief advantage of this system is the increased throughput that can absorb
the field chopper cost. The aisadvantages are that scheduling can be more
difficult and operation and maintenance responsibilities can be uncertain.

Custom operators are individuals who own and operate equipment on a hired
basis for farmers. The custom operator agrees with the farmer to cut the
farmer's corn for a hourly or unit charge. The advantages of this system
are that the farmer doesn't own the machinery for only a few days use per
year and the operation and maintenance responsibilities belong clearly to
the custom operator. High throughnut is also realized. The disadvantage
is that the farmer does not enjoy maximum flexibility of scheduling when
the corn will be chopped.

The fourth alternative is for agricultural and dairy cooperatives to own
and operate machinery for their members. This system has the advantages of
economic throughput and indirect farmer ownership. Cooperative ownership
is an effective means of helping introduce silage making to farmers in an
area. The chief disadvantages are the increased labor and maintenance
requirements for the cooperative and scheduling problems. Some
cooperatives have thousands of members and operate in a large area. This
makes timely scheduling difficult, especially in case of equipment
breakdown.

2. Equipment Utilization

Besides the management issues, the key to the equipment ownership question
is the utilization rate for that equipment. The pro forma budget for corn
silage that was presented in Chapter III contained a field chupper cost
based on 100 hours of use per year. This budget showed corn silage has a
higher return than traditional corn grain. Any ownership system that would
allow field chopper use of more than 50 hours per year should be relatively
profitable to the owners. The Portuguese silage-making season of
approximately one month should accommodate 50 or more hours of operation for
a field chopper. If 15 to 20 hours are required to chop one hectare of
corn, then 3 to 5 hectares should profitably support a field chopper.

3. _Recommended Ownership

The recommended systems of ownership are partrerships and custom operators.
This is based on their management advantages, the management disadvantages
of the other methods of ownership and the required utilization for
profitability. Most small farmers plant less than 1/2 hectare of corn.
This means five or six farmers would need to be in a partrership to make it
profitable. A custom operator, with some planning could easily serve
enough customers to cut 3 to 5 hectares or more in the course of a
month-long season.
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D. Safety

Safety is a vital part of making silage. Many times in the rush to fill
the silo, farmers shortcut around good safety. Even the best silage is not
worth a serious accident. During the survey of current silage-making
practices and the demonstrations, the project team saw some unsafe
practices. Any efforts to promote the use of silage must also promote
safety. The following are a few safety considerations that farmers should
bear in mind:

1. Unattended machines should never be left running. Operators
should never dismount a tractor while the power take off is
engaged;

2. Machinery should never be adjusted while running. Power take off
should be disconnected nr the tractor shut of f;

3. People should never climb onto the frame of a wagon beneath a
raised box.

4.  When building a monte silo each load must be packed to prevent
steep sides and the threat of tractor upset.

5. People working in the silo with pitchforks should wear shoes.

6.  Children should not play in the work area.
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VI. FARMER EDUCAT[ON PROGRAM

One of the more important tasks in this project was to design a program of
technical assistance to cooperatives and MAFA personnel that they can use
to educate farmers about silage. This program will be the means to expand
the project's results to other livestock and curn regions of Portugal and
to sustain the ideas of the project in the future. The education program
has two parts. The first part involves taking excerpts of this report and
publishing them as bulletins for farmers. The second part consists of a
set of color slides with narrative text that can be used in presentation
to farmers.

A. Bulletins for Farmers

For purposes of farmer education, the project team recommends that Chapter
II of this report, "Fundamentals of making silage" be published as a
separate bulletin. This chapter contains ideas that are useful to farmers
regardless of the location in Portugal or the type of silo. This bulletin
will also serve as a good reminder if the farmer reads it to refresh his
memory the first few years he makes silage. After several years of
experience with silage, many of these concepts will become second nature to
the farmer,

The project team also recommends that Chapter V, "Recommendations for

Silage Making" be excerpted and published as a bulletin. This chapter
outlines the recommended system for small farmers who wish to make silage.

B. Color Slides and Narrative

This part of the farmer education program consists of more than 100 color
slides and an accompanying narrative for each slide. They summarize the
project and its results.

The contents of the slides are summa-~ized below (blanks are included to
separate major sections):
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Slide Numbers

Contents

Tray 1 1-32 Introduction and existing
systems of silage making
33 Blank
34-42 Demonstration of a one-wall
monte silo
43 Blank
44-72 Demonstration of a monte silo
73 Blank
74-78 Demonstration of corner silo

End of first tray.

with a third wall added

Tray 2 1-8 Demonstration of two-wall monte
silos
9-21 Demonstration of a bunker silo
filled by a chopper-ensiler
22 Blank
23-25 Recommendations

The specific caption for each slide by the number of slide is below.

Slide Number

TRAY 1
CAPTION

1 This slide presentation summarizes the efforts of a Luso-
American team of the Direccao Regional, cooperatives and
U.S. Consultants.

2 Early in the project the members of the team visited some
PROCALFER corn test plots.

3 An increase in mixed feed prices has made silage even more
economical for Portuguese farmers.

4 The team visited farmers to observe current Partuguese

silage-making practices. This is the German-made Kemper
field chopper filling a trailer with high sides.
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Slide Number

5
6

10

11

12

13

14

15

16

17

18-19

20
21

CAPTION
A close-up of the one-row Kemper machine's pick-up

This is the one-rcw Taarup 101 field chopper made in
Dermark, seen filling a standard wagon. The tractor and
mzchine are from the Cooperativa de Vagos.

Here we see a Taarup "Handy" machine. This is a flail-type
forage harvester for grass that is chopping some
broadcast-seeded corn. The machinery is from the
Cooperativa de Vagos.

A good view of the broadcast-seeded corn and sandy soil.

A close up of the flail-cut corn. Notice the long pieces of
leaves. This coarse chop is not desirable for silage.

A field being opened up by hand feeding corn into the field
chopper. This is common practice because with small fields
the farmers cannot afford to drive over outside rows to open
a field. Also, the adjacent field frequently belongs to
another owner or contains a growing crop. lotice there is
always a man in the wagon to level the load.

A view of the inside of the Taarup 101 field chopper. Note
that there are 12 knives.

The pick-up of the Taarup 101 field chopper.

Besides silage corn, the project team also saw traditional
types of corn. This corn has had the bandeiras cut off for
green forage.

A stack of bandeiras.

A farm family shucking corn for grain. The project included
an ezonomic analysis of growing corn for grain and growing
corn for silage. Silage provides a higher net profit.

The project team visits a farmer who was preparing to fill
two bunker silos.

These are the filled silos. They are of typical concrete
and tile construction for the Vagos area of Portugal with
the floor below grade. They are sealed with plastic and
covered with sand, which is also typical.

A filled bunker silo with sand-covered plastic.

A filled bunker silo with a tin roof.
Side by side bunker silos with tin roof
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Slide Number

22

23

24
25

26

27

28

29

30

31
32
33
34

35

36
37

38

CAPTION

Dumping silage in a large bunker silo. Note the nlanks
under the wagon that were needed to keep the wagon wheels
from digging into the silage.

Unloading the same wagon-load. Although the wagcn had high
sides, the farmer packed the loads to get as much silage as
possible on each load and save trips from the field. Such

packing in the wagon makes for more work to unioad the
silage.

The load is distributed and ready for packing.

This farmer filled his silo in sections with board
partitions.

A front-loader was used to put silage on top to be packed.
Here we see a wooden-sided silo in the early stages of
construction. Cross-pieces and braces were later added to
the posts.

Another view.

The wooden-sided silo after filling. The sides and top were
sealed with plastic and the mouth of the silo was closed
with boards.

An indoor silo with silage that was compacted by stamping
and tamping.

The homemade tampers used with the indoor silo.

A view through the plastic of the indoor silage.

Another bunker silo.

This is the Tocation of a demonstration made by the
Luso-American project team. A monte silo was made against

this wall.

The existing wall was lined with plastic that would later
cover and seal the silage.

A straw base was put down on the sandy soil.

The first load is dumped sideways from a low-sided wagon.
Note the nearby pile of pine needles that might harbor
rodents that could damage the silo.

The first load has been dumped and shaped for packing. The
project team is consulting with two visiting farmers who are
interested in the monte silo concept.
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S1ide Number

39

40

41

42

43
44

45

46

47

48

CAPTION

Careful packing with a tractor is the key to a good silage.
Driving slowly over the entire surface is important.

After the silage is packed, it is covered with plastic to
seal out air and moisture.

The necessary pieces of plastic were fitted to keep out
rainwater.

The plastic is weighted down to prevent blowing and to
achieve a good seal. Objects such as tiles and stones are
used because they are easy to remove when the farmer begins
to use the silo.

Blank.

Here the project team discusses the location of another
demonstration monte silo with a farmer. Sites for monte
silos should ideally be chosen for the following
characteristics:

1. The silo should be on a high point for drainage of
rainwater and silage juices.

2. The area should be fairly open for ease of maneuver
while building the silo.

3. The silo should not be Tocated near rodent harbor.

4. The silo should be near the place where the livestock
will be fed, for convenience.

One of the American consultants and the farmer discuss the
maturity of the corn for the monte silo.

Three sample ears from the same field that show different
stages of maturity. The top ear is in the hard-dent stage
preferred for silage. This photograph illustrates the
importance of sampling different parts of a field to get an
accurate idea of field's readiness.

After preparation of a straw base, the first load is
side-dumped from a standard wagon. It is better to make the
straw base over-sized because it is impossible to put straw
under the silage once the silage has been dumped.

Some initial shaping is done prior to packing. When using a
monte silo, which has no walls, it is important to shape the
pile carefully as it is being built and packed. Shaping
prevents the monte silo from becoming badly formed and
allows water runoff.
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59

60

61
62

CAPTION

The second load is carefully dumped after driving onto the
monte silo. Once the pile is begun the subsequent loads
must be positicned as they are dumped so that the monte silo
remains uniformly shaped.

Another load is shaped onto the growing monte silo as area
farmers and a group of French agriculture students look on.

The shaped monte silo ready for more packing.

The tractor initially packs by driving the length of the
pile.

The operator drives the tractor's rear tires slowly over the
entire width of the monte silo. He works carefully near the
sides to prevent them from caving off and unnecessarily
spreading the monte silo.

A close-up view of packing by slow movement of the rear
wheels over the entire length of the monte, without changing
directions while on the silage.

Here we see how silage that hasn't been tramped down in the
wagon slides easily from the raised box, with minimal hand
labor. Note the care taken to pull the wagon ahead to
position the dumped .ilage as it falls.

Technicians from the Direccao Regional visit and discuss the
demonstration.

The Luso-American project team discusses the quality of the
silage going into the monte silo.

Shaping the final load for packing.

Packing the final load. MNote the height of the pile before
it is finally packed. Packing every load after it is dumped
is important for making better silage. This achieves a more
uniform pack. It is safer because the monte siio doesn't
get too high for safe operation of the tractor. And, by
avoiding sides that are too steep it prevents churning up
the silage with the tractor tires when the tractor climbs
the monte silo.

A monte silo, unconfined by walls, gives the farmer the
flexibility to pack from all directions. Here we see the
operator driving on from the side, rolling backward, and
driving on again, moving along the entire side as he does
so. This shapes the monte silo and packs the sides well so
they will not cave off when the tractor drives the length of
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65

66-67

68-69

70-71

72

73

CAPTION

the silo. The front tires, without tread, do not churn up
the already packed silage. When the sides of a monte silo
are steep it is more effective to drive on than to back on
the pile because when the tractor backs on the rear wheel
tread churns the silage.

The well-packed sides of the monte silo.

Final packing. Note the diminished height of the pile. To
review the main aspects of good silage packing with a
tractor, they are:

1. Drive at a slow speed.
2. Pack every load for uniformity and safety.

3. Move the tractor over the entire width and Tength of
the silage surface, including the center. Use the
front wheels for shaping the monte silo.

4. If the silage is loose or has steep sides drive on and
roll back to shape with the front wheels. Do not try
to back up a steep slope of silage until the slope is
reduced by front-wheel packing.

5. Avoid switching directions while the tractor's rear
wheels are on the silage. This churns packed silage.
Orive the entire width or length of the silo in the
same direction.

After the monte silo is packed, the Tength and width are
measured to purchase and cut the plastic.

The plastic is positioned to seal the monte silo against
rain and air. Adequate overlap is necessary to prevent
seepage, including capillary action, into the silo.

The silo is sealed with dirt and a drainage ditch is dug
around the silo's perimeter. After a silo is finished,
farmers should watch closely to see how rain runoff behaves
around the silo. This is best done while the rain is
actually falling. It might be necessary to deeper the ditch
or to add a berm to divert runoff away from the silo.
Farmers should also monitor the behavior of silo effluents
to see that they are draining properly.

The plastic cover of the finished monte silo is weighted down
by old tires, which are easy to remove at feeding time.

Blank.
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75
76
77

78
79-80

9-10

11-12

13
14

CAPTION
Dumping silage into a silo built inside the corner of an
existing building by adding a third wooden wall. Pine slats
are used to close the mouth of the silo.
Packing the indoor silo.

Unloading into the indoor silo.

Using a rear-mounted tractor scoop to distribute silage in
the indoor silo.

The indoor silo after filling and sealing

Blank.

TRAY 2

A preliminary picture of a two-wall monte silo site.
Spreading the straw base for a two-wall monte silo that was
filled using the Taarup 101 filed chopper to chop field-cut
corn at the silo.

After the plastic is arranged against the wall, the silo
starts to fill.

Shaping the pile is important with a two-wall monte silo
also.

The well-shaped monte silo when it is nearly complete.

The covered and sealed monte silo.

Portuguese and American members of the project team discuss
the feasibility of putting silage against the two walls on
the platform where they stand.

A two-walled monte silo with concrete floor.

The project team visits an implement dealer to look at a
chopper-ensiler.

Preparing the chopper-ensiler for road transport. A
gasoline-powered engine has been added to drive the
machine with a flat belt.

The finished chopper-ensiler, except for the pipe.

Field-cut corn ready to chop and ensile at the mouth of the
bunker silo.
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24
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CAPTION

The irregular-shaped bunker silo that was filled with the
chopper-ensiler. The pipes extend from the walls to allow
the farmer to raise the height of the silo in the future.

Measuring the silo. Note the piles of field-cut corn to be
chopped.
The spout of the machine is adjusted.

The chopper-ensiler begins to operate.

Whole corn is fed to the chopper-ensiler by a feed table
with roller-chain flighting.

Silage is distributed evenly in the silo. During this
demonstration the chopper-ensiler could not be positioned to
blow the silage clear to the front of the silo. It is best
if the machine can be moved as the silo is filled so the
silage is blown right to where it will be packed in the
silo. This reduces the amount of labor ne ‘ded.

The silage made by the chopper-ensiler.
The filled bunker silo.

A wagon with high sides is recommended. High sides allow
more silage to be transported in each load without requiring
a man to level the load and pack it in the wagon. This
means less work in the field and less work unloading the
wagon at the silo.

Careful, thorough compaction as soon as possible is needed
to make the best possible silage.

With higher sides the man in the trailer is not necessary
and the wagon could carry just as much silage on a weight
basis.

Pumpkins or other objects that are easy to remove at feeding
time are used to weight the plastic and seal the silo. Good
drainage is also important.

A monte silo is an excellent way to store overflow silage
from existing bunker or trench silos.
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VII. ASSISTANCE TO PORTUGUESE FARM MACHINERY INDUSTRY

A. Introduction

When this silage project was conceived and the plan of work was developed,
it was felt that new or different equipment, especially a small corn
harvester, might need to be developed to meet the needs of small farmers.
Such development is not necessary. The survey of available equipment and
the experience of the silage demonstrations have shown that there are
existing machines available for this purpose.

As previously recommended in Chapter V, equipment for corn harvesting for
silage must be shared to get sufficient utilization of the equipment to
justify its cost. Even the lowest cost equipment is not cost effective
when utilized by one farmer four to eight hours per year for one silo.

With the assumption that one harvester can make corn silage for 20 silos in
an average year, only small modifications to currently available equipment
need be made. The recommended modifications are somewhat different for the
two types of harvesters.

For the chopper-ensiler, the stationary chopper operated at the silo being
filled, there are two recommendations

1.  The machine must have adequate wheels or a means of transport to
the many silos it should serve. Such a modification was made in
the chopper-ensiler used in the demonstration.

2. Th2 machine must have a power source or a compatible power
comiection if it is to achieve universal use. The project team
recommends that it be equipped with a standard 540 RPM PTO drive
since this is the typical power source observed in all the area-
visited.

For the field harvester, the recommended modification is very minor. The
modification is an optional feeding tray that can be attached to the field
harvester pickup. With this modification, the fieid chopper could be used
also as an ensiler at the silo. This dual purpose machine will make it a
more flexible machine to own for those who operate as custom operators or
those who rent equipment for the harvest. For example, a farmer may need a
chopper-ensiler to chop hand-cut fodder from a small field or to open up a
larger field and also need the field harvester for his larger field. The
custom operator or the machinery renter obviously can serve more farmers if
he has the one dual purpose machine that will serve the needs of two types
of harvest.
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Not only is this modification a minor change for a manufacturer but the
change should encourage safer operation of the field harvester when it is
operated as a hand-fed chopper-ensiler.

B. Meetings with the Division of Mechanization,
Ministry of Agriculture and Forestry

As a way of meeting with Portuguese machinery manufacturers, the project
team first met with Eng® Arnaldo G. Madeira of the Division of
Mechanization. Eng® Madeira suggested the project team meet with Eng2
Cabral, Eng= Casau and Sr. Manuel Lopes de Sousa. Sr. Lopes de Sousa is an
inventor but does not have a producing factory. Sr. Lopes de Sousa was not
contacted since it was felt that time would be best served by working with
existing companies.

Eng2 Casau was contacted by telephone and he suggested discussing these
matters with Eng2 Briosa.

In the interview with Eng® Briosa, he suggested three companies:

1. Herculano

2. Metalurgica Duarte Ferreira S.A.R.L.

3. Galucho
He also indicated that Herculano had recently concluded a license
arrangement with the Danish manufacturer Taarup to begin producing Taarup
field harvesters in Portugal. The Taarup harvester is a popular import.
Eng2 Casau was contacted and requested to make arrangements for a factory

visit to Herculano.

C. Contacts with Industry

Through the efforts of Eng2 Casau, Buzenberg and interpreter George Braga
de Oliveira, accompanied by Eng2 Casau and Sousa, traveled to Oliveira de
Azemeis to meet with personnel of Herculano and to visit the factory.

During a meeting with Director Mario Lopes and his associate, Buzenberg
reviewed the project and showed photographs that illustrated the
demonstrations of silage making, particularly the monte silo. Some
photographs showed Herculano wagons hauling silage and the Taarup field
harvester being used both in the field and at the silo as a
chopper-ensiler. A1l of this information was very interesting to Director
Lopes because the company was in the process of developing plans to
assemble the Taarup harvester. A domestically assembled Taarup field
chopper should be available for purchase and use in Portugal in 1984.
Also, they were interested in the use of Herculano wagons. Greatest
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interest however was in the promotion that was being made for silage making
among small farmers. This represents a growing and expanding market for
their equipment. Director Lopes requested, if possible, copies of the
photographs that he had been shown and he would like to have a copy of the
final report.

A complete tour of the factory guided by Director Lopes was made and the
interview was completed on a positive and optimistic note.

Over a period of several weeks repeated telephone requests were made
through the Office of James Black to Metalurgica Duarte Ferreira SARL to
obtain an irterview with Dr. Carlos Duarte Ferreira or Eng2 Vincente
Ferreira. These efforts to arrange an interview were not successful.
Because the chopper-ensiler used in one demonstration was a Duarte Ferreira
machine it was felt that the modifications to their machine would be of
interest to them. Therefore, it is hoped that a copy of this report will
be sent to them.

The third company, Galucho, was not contacted because of the approaching
end of the project and lack of time. Even more important, it was felt that
the Galucho Company was not a manufacturer of corn harvesters and therefore
would not be as interested in this report. They do however manufa. ‘re
wagons with hydraulic dumps that were used in the demonstrations and that
were very popular with the farmers of the Beira Litoral. However, this
report does not suggest any changes in the wagons except that higher sides
and a top-hinged end gate be available as optional equipment for the wagon.
These options in fact are offered but were not on some of the demonstration
wagons.

D. Potential for Portuguese Silage Harvesting Equipment Manufacture

Based on the findings and recommendations of this report it appears that
silage making by the small farmer will show a startling growth this year
and will continue for many years to come. This growth will provide
increasing markets for Portuguese manufacturers that are in a position to
take advantage of this market and to merchandise their products
accordingly.

As previously stated, 80 percent of the milk produced in Portugal is
produced by farmers with two to five cows. In the Beira Litoral alone
there are over 2,000 such farmers and thus a substantial market for
harvesters on a shared basis and wagons on an individual basis will
continue to exist for some time. There will, of course, continua to be
competition from imports that currently supply the total market, but
Portuguese manufacturers with aggressive marketing should be able to gain a
strong share of the market for themselves.
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