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FOREWORD

In the South-West approximately 80% of the land area is devoted to the
grass crop. It follows that farming incomes and consequently farmers' living
standards depend to a large extent on the efficient management and utilisation
of grass and considerable research and advisory effort has been directed to
this crop at both the national and local levels. Farmers' interest in the
grass crop as a factor in cost reduction in livestock farming systems has
undoubtedly increased in recent years and the search for improved methods in
the production and utilisation of grass is evident on all sides. In parti-
cular more and more farmers are questioning the soundness of the accepted
practice of conserving grass in the form of hay using traditional methods.
Silage has long been advocated as the most promising alternative, but even
with this product quality is still largely a hit and miss affair with high
nutrient losses being the rule. It must also be appreciated that silage
systems have more relevance for the large farm not only because of the greater
scope for labour saving, but also because additional capital is more readily
available for programmes of expansion which a change in conservation tech-
niques frequently necessitates.

The introduction in 1964, from New Zealand, of the technique of vacuum
silage held out exciting possibilities of improved silage-making for the
smaller farmer in counties such as Devon and Cornwall. Consequently the
Department of Agricultural Economics of the University of Exeter in pursuance
of one of its more practical roles, the assessment of new agricultural tech-
nologies, initiated an investigation into the economics of Vacuum Silage in
South-West England for the 1965 harvest year. The report which follows re-
presents a further addition to the considerable number of studies which this
Department has undertaken in the field of grass production and utilisation
in recent years. That the findings of this study are inconclusive in no way
detracts from its value. The process of evaluation is basic to the search
for new and better production methods in farming as elsewhere.

The thanks of the Department are extended to all those farmers who found
time to record and make available details of their silage-making venture and
to discuss their experiences.

S.T. Morris,

Provincial Agricultural Economist.
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I. Introduction

The various losses suffered in the process of conserving grams- as hay

and silage for winter use have been 'referred to frequently in the ,last few

. years. Even in the most favourable of seasons, farmers have failed to

reduce nutrient losses to low levels, whereas in unfavourable conditions

losses in the• field and in store have reached very high levels. The pub-

licity given to the waste associated with the usual methods of conserving

grass has induced many farmersto seek other ways of providing maintenance

rations for their livestock during winter, and at one stage it seemed that

the traditional methods of grass conservation, particularly silage-making,

would be abandoned'. However, the introduction of a technique involving the

elimination of air may have temporarily stemmed the'trend away from silage,

because the method holds out encouraging possibilities of. ensiling grass

without the tremendous wastage normally associated with conventional clamps.

If this can be achieved it will undoubtedly be one of the most drastic ad-

vances in economic grass utilisation. The tremendous implications of con-

serving grass efficiently and the widespread interest prompted the Depart-

ment to investigate its possibilities in the South-West. This report

covers the reasons for the spread of the technique, its impact on the making

of silage and an assessment of the final conserved product.

The principle of excluding air by consolidation in order to control

the heating of silage is well known. The idea of extracting air, creating

a vacuum and thereby using atmospheric pressure to consolidate and prevent

heating of the silage has also attracted attention from time to time, but a

suitabl technique has never before been perfected. The partial vacuum

achieved by pumping air out of a sealed stack brings-atmospheric pressure

to bear and consolidates the grass quickly and effectively. The pressure of
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air on the stack at 15 inches of mercury is equivalent to the weight of

7 - feet of concrete. Air pressure has the added advantage of being applied

uniformly over the entire surface, including the sides of the stack, whereas

in the analogy the weight of concrete acts only downwards on the• top surface.

For a 100 ton stack, 22ft. by 36 ft., the pressure exerted by 7i feet of con-

crete on its top surface is 375 tons.* Figure 1 illustrates how the pres-

sure on the 100 ton stack increases as an effective vacuum is achieved.

Figure 1. The effect of atmospheric yressure in terms of 
depth and weight of concrete over the top surface

of a 100 ton stack 22ft. by .36ft.
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N.B. Since it is assumed that concrete weighs 144 lb.Au.ft.,
then 1 sq. inch 1 ft long weighs 1 lb. Therefore 14.7 ft.
depth of concrete is approximately equivalent in weight to
Atmospheric Pressure, i.e. 14.7 lb./sq. inch.

In practice, vacuum gauge readings have not exceeded 18 to 20 inches of

mercury signifying atmospheric pressure on the stack of 9 or 101b./sq. inch,

Assume concrete weighs 144 lb.Au.ft.
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i.e. equivalent to 9 or 10 feet of concrete weighing 450 or 500 tons "

pressing down on the top surface. In comparison, the continual rolling

backwards and forwards of a mere 11- ton wheeled-tractor seems insignificant,

inefficient and time-consuming.

Credit for developing the idea perfecting a method and generally

creating interest in silage made in vacuum seems to be attributable to two

New Zealanders, J.L. Doutre, a machinery instructor in the Department of

Agriculture, Auckland, and C.G. Jowsey, a farm adviser. It has already been

mentioned that the idea in itself is not new, but the development of a simple

method of sealing polythene sheets together has given it a practical signifi-

cance for silage-making. The "strip seal" which was developed consists of

two closely fitting plastic tubes which "lock" two polythene sheets between

them. The inner tube is solid and the outer tube is slit lengthwise to form

a long clip. The method caught the imagination of New Zealand farmers and

by 1964 the possibilities of vacuum compression for silage-making were widely

accepted. The introduction of the technique to this country is attributable

to R. Walley, a Cheshire farmer, who visited New Zealand on a Nuffield

Scholarship. He made a small tonnage of vacuum silage in the Autumn of 1964.

In the 1965 season the technique spread rapidly and was adopted by many

farmers in this country.

Silage produced in vacuum involves making a stack on a sheet of

polythene. The stack is then covered with another and the two sheets are

sealed together, using a length of "strip seal," to form an airtight con-

tainer. A vacuum pump is then used to extract air out of the pack through

a valve in the top sheet. The pumping sets up a partial vacuum and the

atmospheric pressure brought to bear reduces the stack to an almost solid

state and to half its original height. Some time later carbon dioxide gas,

produced by the respiration of the grass, accumulates and within6-8 hours

respiration of the grass ceases, leaving almost the whole sugar content un-

affected. Part of this is used by the lactic acid bacteria which quickly
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produce enough lactic acid to give well-preserved silage.

- The top sheet* can be removed for further filling of the pack, butit must

be replaced subsequently in order to seal and compress the stack. Vacuum

compression is not necessary after each day's harvesting, because there is

little breakdown and consequent heating up of the grass for 48 hours.
After the final compression the top sheet is weighted and the stack left =

sealed until the silage is required for feeding.
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Chapter II.

The Sdpread of the Technique 

During 1965 more than 1,000 farmers in the U.K. invested in equipment

for making .vacuum silage and by June, at least 76 farmers in the Exeter

Province were known to have done so. • It is interesting to note that 19 were

in Cornwall, 53 in Devon and only 4 in Dorset, while over half were within a

30 mile radius of a town in North Devon. A study of this fact might help

to explain the spread of the vacuum silage technique in this area.

A farm near Barnstaple was chosen as the site for the first practical

demonstration in the South-140,st. The subsequent reports in the farming

press, a second demonstration, together with ensuing "follow up" articles

made this farm the centre for vacuum silage "know how." Undoubtedly these

demonstrations and the attendant publicity have been of major importance in

influencing the spread of the technique.

The location of those farms where vacuum silage was adopted is illus-

trated on the map (Appendix, page 36) which provides visual evidence that

Barnstaple has been the focal point of the spread. Demonstrations were held

elsewhere in the South-West, but it is still true that as the distance from

Barnstaple increases so the concentration of farmers using the technique be-

comes less.

A sample of 30 of the 76 farms, taken at random, was used for a study

of vacuum-compressed silage. Of the 30, 9 were in Cornwall, 17 in Devon and

4 in Dorset. Tables A to E in the Appendix (pages 37 and 38) illustrate the

type of farm included. On the basis of stocking, 75% can be classified as

dairy farms or mixed farms with dairying as the main enterprise and the re-

maining 25% as cattle-rearing and sheep farms. The low figures per farm for

pigs and poultry (see Appendix page 38 table E) are due to the fact that only

6 farms kept pigs (an average of 17 sows and gilts per farm) and only. 10 farms

kept hens (an average of 235 per farm). On the 16 farms keeping sheep,

flocks averaged 108 breeding ewes per farm.
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Tables F to H1 in the Appendix (pages 39 and 40 ) illustrate the

characteristics of the 30 farmers. Table H shows that 70% were between 25

and 44 years of age. The age distribution, for the Devon farmers only, is

set. out in Table H1 and compared with data* from a Devon Farm Survey com-

pleted in 1965 and a statistical test showed the difference to be highly

significant. This is reasonable since people in the age group 25 to 44 years

are usually more receptive to new techniques and to the prospect of change

than older people. Physical and financial records for one or more of the

official costing schemes were kept by 22 farmers.

The geographical distribution of the farms showed that over half were

within a 30 mile radius of Barnstaple and this encouraged further analysis

into the apread of the technique. In this respect the investigation centred

on (a) how farmers became interested in vacuum silage, (b) the importance of

a practical demonstration and (c) the reasons given by individuals for their

decision to adopt the technique. Other factors studied were the extent of

previous experience insilage-making by conventional methods, the degree of

reliance on vacuum silage for winter feed and the significance of particular

sites that were chosen for the stacks.

When asked how they became aware of and then seriously interested in

vacuum silage, 18 of the 30 farmers specifically mentioned articles in the

farming press. A further 6 in the immediate vicinity of Barnstaple had

heard about it from the farmer concerned or his neighbours and most went to

the first demonstration at his farm. The remainder became aware of the

method at local discussion group meetings, from their N.A.A.S. officers, or

from other interested farmers. Of the 301 four farmers subsequently

attended one of the lectures given by the New Zealand farm adviser, Mr. Jowsey,

during the tour he made to explain and demonstrate the technique.

AC yet unpublished from Exeter University Agricultural Economics Dept.



• In no case did a farmer make vacuum-compressed silage without first

visually assessing this new. development- and/or acquiring some practical know-

ledge of."how it ,was done." This is evident from 'Table 1. The table shows

that demonstrations have been the major source of information.

Table 1. 21.22111122._Pf  various sources of information on

1121111E-EILIM..t.
(30 farmers, Exeter Province 1965)

Source of Information. No of farmers

. Barnstaple demonsti-ation - 13
Other demonstrations 12
Agricultural, Show demonstration I
Lecture and film show by New Zealander!
Other -

1

Total 30

•

The two listed as "other" obtained practical information from, in one •case

a N.A.A.S. officer and in the other, the suppliers of the polythene sheets.

These observations on the farms in the survey confirm that •a piactical

demonstration • and-attendant publicity have beenthe:dominant factor.s.

fluencing the spread of the technique.

-While press aitibles and demonstrations acciiiaint 'farmers with current

developments 'and arouse their interest, it is Still necessary for each

individual - to assess the potential of the technique in his particular cir-

cumstances and sUbseqUent.1y decide whether to introduce it. The Major

reasons ,specifically -given for the adoption of vacuum -silage are listed in

Table 2 together with the number of *farmers. stating each reaSon. - _: A total

.of 20 out of 30 farmers were concerned with reducing waste, 13 giving this

-- a6:their .first . reasOn.for'adopting the method. •• Similarly, • i8 outof 30
. .

were anxious to make better quality silage,. , These were far and away the

most common reasons given. The prospect of reducing concentrate feeding
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was also an important factor for 11- farmers. Undoubtedly the majority were

primarily attracted by the potential value of the product they could con--

serve by vacuum compression. In addition other factors can be involved in

any one farmer's'decision and by no means the least of thede are the claims

Table 2. Reasons for adopg,the Vacuum Silage Techni ue
(30 farmers, Exeter Province, 1965)

• ilo.'of farmers stating:-Reasons for adopting
Vacuum Silage Technique First Second _Third

reason reason reason

Total No. of
farmers (out of 30)
stating each' reason

Product Attractions:-

Reduce Wastage
Better quality silage
Save concentrates
Other

Technique Attractions:

Overcome difficulties
of conservation in
wet area

Low cost investment
Other

13

.3
2

6
12

1
2

20
18
11

3
15

Total No. of farmers
(out of 30) stating first, 30
second and third reason

9 19

made for the technique itself,' particularly those of overcoming the, dif-

ficulties of conservation in wet areas and the comparatively low cost invest-

ment* which can be written off in one-year. The elimination of wilting,

tractor rolling, additives and the seepage, of effluent are. amongst "other"

attractions given by individual farmers.

Costs ranged from 18/6d. per ton'for a 50 ton pack to 8/3d. per ton for
a 250 ton pack in the first season.: Costs for 1966 have been consider-
ably reduced and range from 14/5d. per, ton for the 50 ton pack to 5/10d.
per ton for the 250 ton pack.
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The fact that this is a modification of an existing conservation method

and not a completely, new one is also important. In this respect it is in-.

teresting to note that 26 of the 30 farmers had made silage by the conventional

methods in previous years. The remaining 4 had always made hay, but had been

interested in making silage, and their reasons for trying vacuum silage were

(a) the low-cost investment, (b) the prospect of making silagewithout the

wastage associated with conventional clamps sited in the open, and, in two

cases, (c) the thought that it would be easier to succeed in making silage by

vacuum compression as they lacked the necessary experience for making tradi-

tional silage. All 4 attended a demonstration. Conventional methods were

not entirely abandoned - 9 of the 26 farmers with previous experience of silage-

making and 2 of the 4 farmers Iyho, had been relying on hay, made silage by con-

ventional methods as well as by vacuum compression. The rest made vacuum

silage stacks only. It is important to note,. however, that none of the 30

farmers in the sample were relying entirely on silage for 'the roughagepart of

the diet.

A, total of 52 stacks of vacuum silage were made on the 7:50 farms and the

sites chosen for these are set out in Table 3. The data show that 85% of the

Table 3. Sites chosen for Vacuum Silaze Stacks
(30 farms, Exeter Province 1965

SITE No. of Stacks

In Open (a) In. field - no walls
(b) On earth or concrete floor - no walls
(c) On concrete floor - with walls

In Building (d) On earth or concrete floor - no walls
(e) On concrete floor - with walls

36

3
2
3

Total 52

stacks were made at an open site with no walls, illustrating their overwhelming

importance. This in itself reveals an inducement for adopting the technique,
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particularly for -6-lose farmers without a silo in a building. For these

farmers; :the inducement was the prospect of making. silage in the open without

the wastage associated with conventional clamps so sited. The data also

Suggest that farmers with the conventional type of coverediwalled-silo are.

riot prepared to rely entirely on this method without:some,.firsthand.ex-.

perience of it. 'Five' farmers stated 'that vacuum 'silagewas not,macle.,in ,the

exiting -walled silo; be6ause-ofitheHpossible snags that mightlpe.encountered.

The reluctance to use walled' silos is borne out by data in Table .4 on

the sites at 11 farms where silage was made by conventional methods 'as well

as in vacuum.

. Table 4. , Sites chosen for Vacuum and Conventional Silage
by farmers practising both methods.

(11 out of 30 farmers, Exeter 'Province,' 1965)

In Open

•

SITE

(a) In field - no walls
(b) On earth or concrete floor

no - walls -
(c) On earth or concrete floor

with walls

In Building (d) On earth or concrete floor
no walls

(c) On concrete floor - with walls

(f) In high dry matter silage tower

• Silage made by:
Conventional Vacuum
Methods Compression
1'o.. of
Clamps

2

1

No. of
Stacks

6

2

Total

It is interesting to note that at 11 out of the 14 sites for conven-

tional silage, clamps were made in walled• silos, the majority being under cover.

The 13 'sites chosen, 6.t - the same 11 farms, for vacuum silage' show that an open

•



site with no walls was preferred.

Together the following factoi.s have been of. major importance in

influencing the adoption and spread . of the vacuum silage technique in the
.!.-- . •

South-West
' • ' • .

Infiiience - of .a practical "fdeinoneti-atcon 'and 'attendant! piiblicit

Prospect -of're'd.ucirig aste,thking bett6r quality silee • arid

reducing the concentrate bill

c.;; Attractions'. Pf overcoming-the of ..conservation in

a. wet area and of the compara-4yely,,1ply cost. investment

- • d. The .fac-.t-,- -p.# it is merely -a. modification of: an., ..existing ...„

:conservation:-method ,•.,

e. _Prospect- of,,making,silage-puccesf:413-,# the open: for -those

farmerp , who are without .:the,:p9nyeptional type of. -walled. silo , in

.••• • • . • •••• •

,

• •••••••••• •

a building.

••••• ••••••• • ••• • • • •••,•• • •.• •••••• •••••

•

-.• • ••-•

•

t

• . ••• ••••• • •••• .• • •••• ••• • •••••••••• •

• • • •••••• ••••

••••• • . • , •

r • • .•••• • •••• .• • • . • •••

••

-



Chapter III.

The Costs of MakingVacuumSilage

To assess vacuum silage fully, its cost in terms of materials, Man and

machine hours must be examined. The success and eventual adoption of this

technique, in preference to traditional silage-making, depends on the costs

in relation to the value of the conserved product as measured by performance

from it.

A total of 52 stacks of vacuum silage were made on the 30 farms.

Standard kits, each of which included 300 gauge polythene sheets, strip seal,

stack valvef pipes, cord and tape, were available, although 16 stacks were

"home-made" from standard ricksheets or special sizes of polythene sheets

using the strip seal from the standard packs.- The distribution of the 52

packs according :to their approximate capacity of ensiled grass is given in

Table 5.

Table 5. Distribution of Packs by Total
Capacity and Praprtzion Used

(30 farms, Exeter Province, 1965)

Capacity of
Packs (tons

No. of
Packs

Total
Potential

Total
Tonnage
Ensiled

% of
Capacity

UsedTonnage

25 1 25 25 100
30 5 150 I50 loo
ko 1 440 ko loo
50 4 1 200 190 95
loo 16 1 1,600 1,095 68
120 1 120 120 100
150 7 1,050 780 74
200 10 2,000 1,605 8o
250 6 1,500 11,220 81
700 1 700 600 86

Total 52 7,385 5,825 79

On average 79% of the potential capacity was used, whereas for the 100
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ton packs, only 68% of the capacity was actually taken up.

The total costs of the standard kits* available for the 1965 season are

given in Table 6, together with the cost per ton actually ensiled. The

increase in cost per ton which results if the packs are not filled to capacity

is evident. These costs include the strip seal, stack valve and pipes which

can be used several times, so that the cost will be substantially lower in

Table 6. Cost of Standard Vacuum Silage Packs and
Equipment at May 1965

Capacity
of Packs

tons 

Cost/Pack
& Equipment

4, s.g.,

Cost/Ton
Capacity

s. d.

% of
Capacity
Actually
Filled*

Tons
Ensiled

Cost/Ton
Ensiled
. d.s

5o 46 6 18 6 95 47-5 19- 6
loo 52 14 lo 6 68 68.o 15 6
150 71 15 96 74 111.0 12 11
200 87 lo 8 9 8o 160.0 lo 11

• 250 i 10 lo 8 3 , 81 202.5 lo 2

Average figures from Table 5.

subsequent years being restricted to new polythene sheets. The complete

packs (including strip seal, etc.) are now much cheaper than when the equip-

ment first appeared on the British market. . To make valid comparisons be-

tween different sizes of pack, the cost of "hope-made" packs, which are a

stricly individual cost, have been excluded from Table 6.

The total costs of vacuum pumps are set out in Table 7 and these, when

written off over 5 years, are relatively insignificant for the majority of

farmers. More than one type of pump was used at 4 farms making a total of

35 pumps in three main types, mostly run off a tractor p-t-o. Costs ranged

from nothing to £85 depending on whether the pump was hired, adapted at the

farm, bought already adapted or bought new. In fact 26 pumps cost £10 or

less and only 5 cost more than £20.



To assess whether or not extra costs are involved in making vacuum

silage, each operation will be considered in terms of both man and machine

Table 7. The Type and Cost of Vacuum Pum s used
30 Farms, Exeter Province, 19 5)

Type of Pump

No. used

at the

30 farms

Cost of Pump (g)

0 -5. 5 - 10 10 - 20 2 - 30 Over 30

Milking Machine
Vacuum Pump

Slurry Tank

16

10

7

2

10

9

2

-

1

2

2

-

2

-

-

1

-

Pump '
Other Adapted
or Converted
Engine

Other

.Totals 35
.

, 21 5 2
4

hours and the sample is also divided according to the method of harvesting

employed at each farm. Table 8 shows that practically 80% of the packs
were filled with forage-harvested grass.

Table 8. Method of Harvestin used to make .52 Vacuum
Silame Stacks

(30 Farms, Exeter Province, 1965)

Harvesting Method
No. of
Men

,No. of
Tractors

I No. of
Stacks

No. of
Farms

Mower & Buckrake
Mower & Baler
Forage Harvester

1 1 2 or 3
2 or 3

1 1 to 5

1 or 2
1 or 2
1 to 4

9
2
ki

7
(2)*
23

* At one farm the mower and buckrake method was used for a
second pack and at the other farm the forage harvester
method was employed for a second and a third pack.
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This simplification into groups by harvesting method makes possible later com-

parisons with other available data on conventional silage-making. Table 8

also gives an indication of the teams involved in silage-making. In the

majority of cases the mower and buckrake method involved the use of 2 or 3 men,

1 or 2 tractors and a mower,' with -a buckrake to transport and build the stack.

Two farmers made baled vacuum silage using a buclgiake to transport the bales;

also a bale loader was used to help build the stack at one farm. Forage har-

vesting and stack-building with a buckrake (in 3 cases a foreloader was used

too) involved different teams, such as 1 man, I tractor, a forage harvester,

1 tipping trailer and a buckrake or 4 men, 3 tractors, a forage harvester, 2

tipping trailers and a buckrake. On each farm, bar one, the grass was "direct

cut" and trailers were towed rather than run alongside the forage-harvester.

The mower and buckrake method, presented in Table 9, gives the total man and

machine hours per acre cut over. The average figures for the 9 pecks filled

were 7.4 manual and 5.5 machine hours. The ranges for each operation were

fairly wide. Similar data for tons of grass ensiled, which includes fields

cut more than once, are also set out in minutes per ton. A similar table

presenting the results for the baled vacuum silage is given in the Appendix

on page 41. The results for the forage harvester group are in Table 10 and

include 38 packs made at 21 farms.

The results given for the three methods of harvesting are comparable for

similar operations. The times quoted for "site preparation" include not

only clearing and preparing the site, but also spreading a layer of grass

over the site, laying the base sheet and spreading the first layer of grass

over the sheet to protect it from damage. Filling bags with sand and soil

to weigh down sheets and making "home-made" packs are also included in "site

preparation." It is reasonable to expect that as the size of pack increases

so the time spent on site preparation decreases. - This was in fact so, with

3 man minutes per ton the average up to 150 tons capacity, 2 man minutes per

ton for 150 to 250 tons and 1 man minute for packs with a capacity of 250 tons

and over. Similarly the total times taken to "lock" the two polythene sheets
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together after all filling operations, declined as the size of pack increased -

an average of 5 man minutes per ton (50 ton packs) to less than 4 man minutes

per ton (200 and 250 ton packs).

Table 9. Mower and Buckrake Method - Man and Machine Time
re uired for each operation of makin Vacuum Sila e

ressed •er acre cut over and •er ton ensiled
(Average of 9 stacks made at 7 farms, Exeter Province, 1965)

Operation

Hours per acre cut over

Machine

Average Range Average Range

Site Preparation
Mowing
Buckraking
Spreading

.Sealing
Pumping

0.3
0.9
3*1
2.2
0-6

Q3

Total Hours/acre
cut over

0.1 - 0.7
0.5 - 1.3 0.9
1.7 - 5.2 3.1
1-4 - 4.7
0.3 - 1.2
0.1 - o-8 1.5

0.5 - 1.3
1.7 - 5.2

^

0.2 - 3.2

5.6 - 11.2 17'4 5.5 1 3°0 - 7.7

8.1 tons; Range 5-0 - 12.5 tons

Minutes per ton ensiled

Man  Machine

Average Range Average Range

Grass ensiled/acre cut over Av:-

Operation

Site Preparation
Mowing
Buckraking
Spreading
Sealing
Pumping .

2

7
25
17
5
2

Total Minutes/ton 58

1 -
3 - 10
12 - 62

- 14-3
1 - 8
1 - 5

35 -1°4

7 3 - lo
12 - 62

2 - 16

18 - 85

The pumping operation times - man hours per acre cut over and the man

minutes per ton ensiled - cover supervision of pumping, starting and stopping
•
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the vacuum pump, checking for air leaks, taping holes, weighing down the stack

afterwards and fencing where necessary.

Table 10. Fora e Harvester Method - Man and Machine Time re uired
for each operation of makin Vacuum Sila e ex ressed •er

acre cut over and per ton ensiled.
(Average of 38 stacks made at 21 farms, Exeter Province, 1965)

Operation

Hours per acre cut over

Man Machine

Average Range Average Range

Site Preparation
Forage Harvesting
and Transporting

Buckraking
Spreading
Sealing
Pumping

0.4

3.4

2.1
1.6
Q7
0.5

Total Hours/acre
cut over

0-1 - 1.8

1.4 6-o 3A-

0-7 - 3.8 2.1
0 - 4-1
0.2 - 1.9
0.1 - 2.4

8-7 3.2 - 14-.0 6-5

1.4 - 6.0

0.7 - 3.8

23- 11-2

Grass ensiled/acre cut over Av:- 9.2 tons; Range 4.5 - 18-8 tons

Operation

Minutes per ton ensiled .

Man Machine

Average Range Average Range

Site Preparation 3 1 - 11 - -
Forage Harvesting 

24 10 - 54 24 10 - 54and Transporting
Buckraking 15 5 - 39 15 5 - 39
Spreading 11 0 - 28
Sealing 5 1 - 16
Pumping 3 1 182- 7 1 - 27

Total Minutes/Ton 61 29 -112 46 21 - 85

The results have been summarised according to harvesting method so that
tentative comparisons can be made with other available data. These are



compared with other available data in the Appendix (page 42), and the sources

of information used are also given.

The data show wide .variationswithin each group of figures, but it seems

reasonable to conclude that the time taken to make vacuum silage does not

differ markedly from conventional silage-making times. No comparative data

are available for total machine times, but apart from the pumping there are

no obvious reasons for variation in harvesting time between the two techniques.

The result of. this assessment is in line with the subjective judgement

made by farmers in the survey and it is reasonable to expect a fall in manual

and machine hours for vacuum silage-making as experience is. gained. Further-

more, in view of the expected durability of the strip seal, the low cost of

the polythene sheets and the fact that the pumps are used for other purposes,

the additional cost of equipment for vacuum silage-making is insignificant on

most farms.
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Chapter IV.

. The Contribution and Anal sib of the Conserved Product

Although the levels of costs involved in making vacuum silage are in

themselves important, their justification or otherwise Can only be deter-

mined in in relatidn to the value ,of the product in feeding livestock. Its

value may be assessed according to whether it Merely provides a superior

maintenance ration or, whether it also contributes towards production, there-

by saving expensive concentrates. It is on the basis of the cost involved

in its making in relation to the value of the product that the future of

vacuum silage must be judged. The part played by the product has been sur-

veyed during the winter of 1965/66.

A summary of results obtained from 23 dairy farms is-presented in Table 11.

Table 11. Comparison of Milk Production Results from
Vacuum-Silage

-(23 dairy farms, Exeter Province, Winter 1965/66)

Group A Group B
All

Dairy -
Farms

No. Cows in herd
% Dry
Daily Yield/cow in herd (galls.)
Concentrates fed-lb./gallon
(incl. steaming up)

Daily Yield/cow
in Milk (galls.)
from:

31
22
2.2

2.7

48:
22
2.3

4.3

ko
22
2.2

3.6

Bulky foods 1.2
Concentrate g 167

•1
2.8

o.6 .
2.3

Total 2.9 2.9 I 2.9

The farms fall neatly into two groups, A. and B. Group A contains 10 farms

at all of which the cows in milk obtained at least maintenance and nearly one

gallon from bulky foods and group B consists of the remaining 13, with the

best performance being maintenance and barely .4. gallon. Individual results
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on page 431 show that only two farmers relied entirely on vacuum silage.
The majority fed hay and' other food 'such ás kale, cabbage, conventional

silage, potatoes and straw. The figures given in Table 11 show that the

total daily yield produced per cow in milk is the same for both groups. _In

Group A however, :the.bulky,,part of the ration. contributes maintenance and on

average 1.2 gallons, whereas in Group B almost the entire production is ob-

tained from concentrates. (Straight barley and sugar beet pulp nuts have

been included as part of the concentrate ration.) These differences could,

of course, reflect differences in the quality of the bulky foods, particularly

vacuum silage., and with this in mind the analyses of the vacuum silage being

fed to the two groups, were examined and are summarised in Table 12.

Table 12. , Comparison of Vacuum Silage Analyses 
' (21* Dairy Farms, Exeter Province 1965/66)

Analysis
Group A
Average of
9 farms

Group B,
Average of
12 farms

'Average of
21 dairy
farms

% Dry Matter
pH
%' Crude Protein in Dry

Matter -.
%; Crude Fibre in Dry Mater
Estima,ted % Starch -

Equivalent
Estimated % Digestible

Protein

20.6
4.3

-8

33.5

9.7

15

21.5
4.3

. -12.1

33.4

10.3

1 -7

21.1
4.3

• 12.0

33.5

• 10.0

.6

* Analyses were not available for the other 2 dairy farms

Somewhat surprisingly the average -feeding value of the silage was similar in

both groups'.

Taking 4 farms from each group, to represent the extremes in contribution
of bulky foods to production, calculations were made to find out if there was

a difference between the assuthed nutrient requirements (expressed in starch

and protein equivalents) and the actual nutrients fed according to the rations
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supplied; , Whilst in Group A:, on average, nutrient intake approximated to

the assumed requirements, in Group B,-actual S.E. and P.E. fed exceeded re-

quirements by an average of 30% and 44% repectively. These calculatione

are based .on the best possible. estimates of quality and quantity and suggest

;two explanations for the difference. . In Group B either overfeeding of   . . . _ con-

centrates or lack of faith in the, quality of the bulky foods available could

account for their apparently negligible contribution to the production of milk.

At the cattle and sheep farms, vacuum silage was fed with other feeding-

stuffs, including concentrates, to cows, heifers, stores and fattening bullocks

and also self-fed to sheep.

A comparison is made in Table 13 between the average analysis from each

group of farms, the overall sample and the average results of conventional

silage from 5 farms in the survey.

Table 13. Summary of Average Silage AnaVses from
Groups of Farms

(Exeter Province, 1965/66)

Groups
Dair Farmsy Cattle

and
Sheep
farms

'Conven-
All

Farms
tional
Silage
Farms

A
,

B Total

No. of farms 9 12
4

21 5 26 5
.

Analysis:-
_ .

'
% D.M. 20.6 21'5 21.1 229 21'5 21.9
pH 4.3 4.3 4.3 4.2 4-3 4-6
% Crude Protein in D.M. ii '8 12.1 12.0 12.5 12.1 13-0
% Crude Fibre in D.M. 33•5 3344 33•5 33•2 33•4 33.7
Estimated % S.E. 9.7 10.3 100 10-9 10-2 I 8-4
Estimated % D.P. 1.5 1-7 t 1.6 1.7 1.6 , 1.6,

The calculation of each average analysis included only one reading per farm.

This summary of results indicates a similar conclusion to that reached

in the "National Report on Vacuum Silage" compiled by the Nutrition Chemists
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of,the N.A.A.S„on a:total of 600 samples of vqcuum.silage;,.2.They found

little ;difference between their average.values::for dry-matter, :pH," crudepro-

tein and crude fibre compared:with,t.hose of copventignal,silagev, ,

Ad fax' as the :in:crestigioli in the Eber.P8-Aii.de iconCerned; theie
• . •

is - no ..evidri.ce' o 'suggei that this - new 'silage-of -superior

feeding to that ñàrniiáily pro`diiCci:* cons.ve'ntiOrial. methods.

•••• • • Ir r.• • •

*•••-• r.

•••

-,„

:

.•••• r • -• ••• • , •••

•• • r••• .rd, •

••••

..;

•
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Chapter V.

An Evaluation of Vacuum Silage and Farmer
Intentions for 19

It appears that on average, vacuum silage has no clear advantages.

Nevertheless, individual farmers advance strong arguments for an against the

technique and the product.

A summary of the advantages claimed by farmers in the survey is pre-

sented in Table 14.- Each individual assessment was made during the time

that vacuum silage was being fed to stock.

Table 14. Advanta es of the Vacuum Sila.e Techni ue
(30 farmers, Exeter Province, 19.5 • •

Advantages
The Technique:-

Total No. of Farmers
(out of 30)

stating each advantage .
or attraction

Provides a flexible method of silage-making
Results in silage of uniform quality throughout
the stack

Results in the conservation of a more palatable
silage

Provides silage which (maintains animals in good
( condition
(dairy cows milk well on

Reduces surface wastage
Enables newcomers to silage-making to conserve
grass successfully . •

Provides a successful method for silage-making in
the open

Makes it possible to conserve reasonable silage in
a difficult season

Provides an ideal method for sharing equipment and.
labour

8

6

11

10

11

5

5

5

The flexibility which vacuum silage-making confers may well be the domi-

nant factor influencing its adoption in the future.. With this technique

small quantities of grass can be ensiled throughout the grazing season to



-24 -

produce a silage of uniform quality:; This is an important consideration for

those farmers with paddock grazing systems and to all farmers when wet weather
•

necessitates the making of small amounts over a prolonged period of time.'

With regard to the latter, five farmers mentioned that they could not have

made reasonable silage in 1965 without using this new method.

Some individual farmers claimed that the product was more palatable, had

a beneficial effect on animals and considerably reduced surface wastage.

The risk. of accidents is also reduced because vacuum compression results in

a solid foundation which makes the stack more stable and safer for tractor

work during subsequent filling operations.

Farmers who have never made silage before may be attracted because the

technique is claimed to produce a predictable end product provided reasonable

precautions are taken. This method might also encourage more co-operation

between farmers and lead to the formation ,of syndicates sharing the equipment

and labour required for silage-making. Three farmers in the sample had in

fact set up such a syndicate found that the technique enabled grass to be en-

siled quickly, as required at each farm, thereby assuring the success of the

co-operative venture. Two other farmers intend setting up a syndicate.

The disadvantages and problems associated with the technique are

summarised in Table 15.

The main problem has been the susceptibility of the 300 gauge polythene

sheets to puncturing, and their consequent inability to stand up to several

filling, sealing and pumping operations at harvesting. Also the sheets,

even when left effectively sealed, suffered from wind and other damage during

the ensuing months, resulting in air and water penetration and subsequent

deterioration of the silage. In an effort to overcome these difficulties,

two farmers used 500 gauge polythene sheets to make "home-made" packs, but

they found difficulty in sealing effectively, particularly at the corners,

and one found that the thicker sheeting still suffered from wind damage and

other hazards.
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On windy days difficulty was encountered in controlling the top sheet

when sealing, and tearing of sheets was fairly common in such circumstances.

In fact the sealing operation was frequently found to be tedious and irksome

particularly when coping with top sheets which were excessively slack at the

corners of stacks. Trouble was also experienced with the stack valve, and

if the sheets were wet with the taping of punctures.

Table 15. Disadvantali.es and Problems of the Vacuum
Silage Technique 

(30 farmer61 Exeter Province, 1965/66)

Disadvantages and Problems

Total No. of Farmers
(out of 30)

stating each disadvantage
or problem*

Sheets not uniform
Sheets punctured easily and damaged by wind
Making and throwing back grass ramp

(Walled sites
'Sealing

(Other
Creating an effective vacuum
Deterioration of the stack

27

3
7
10
15

Some felt that higher capacity pumps were necessary to overcome leaks and/Or

to cut down the time taken to de-aerate the pack. Of course, if the vacuum

compression is not efficient then the pack cannot be filled to capacity, and

fermentation may not be satisfactory - a serious development. However, the

success of the fermentation process is not entirely dependent on the degree

of vacuum compression, but the grass is preserved much more quickly if most

of the air is extracted.

When sheets are punctured, air and water are less likely to penetrate

and cause deterioration if tight compaction has been achieved. It proved

impossible to determine the degree of compaction on all farms, but on farms

where readings were available the average figure was 12" of mercury. There

were, of course, variations between farms and between pumping operations on
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the same farms alletthese ranged from 2" to 20" of mercury. Many stopped

pumping as soon as effluent was being pumped out of the stacks.

With walled silos difficulties were often experienced in handling the

sheets and applying the strip seal. In such situations, the sheets are

reversed, the top one becoming the bottom and vice versa, and the 'sheets are

then sealed round the top of the stacks.* In spite of building stacks well

away from walls it was still difficult to reach all punctures, and conse-

quently pumping was not fully effective: Furthermore, at each compression

the sheet tended to be pulled down with the grass as it settled down, and

the capacity of the pack was, therefore, reduced significantly. On average,

packs were subjected to four to five separate fillings with a range from one

to twelve. After the first compression, subsequent pumping operations some-

times sucked lactic acid through the fresh grass and assisted fermentation.

It proved exceptionally difficult to keep the stacks sealed during the

storage period. Numerous methods of keeping the top sheet in position were

tried. These included weighing down with old tyres, bags of sand and soil

and bales of hay and straw. Soil, either loose or in bags, logs, and

wooden sleepers were also put round the base of some stacks, particularly.

where strip seals had been removed for use on other packs.

When first opened for feeding, a few stacks showed little, if any, sur-

face wastage. However, all stacks on average deteriorated to a depth of

6" to 8" on the top, sides and shoulders. The bottom layer remained com-

pletely edible throughout the feeding period. Estimates of surface wastage

expressed as a percentage of pack capacity are given in Table 16 for two

depths of waste.

At any particular depth of waste, the proportion of silage lost varies

inversely with the size of the stack. Estimates of visible waste on indivi-

dual farms are given in the Appendix. The figures indicate depth of waste

Slip-sheets seem to be essential in walled silos.
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when the stacks were first opened as well as any subsequent decomposition.

It is surprising to find that surface waste on some stacks left unsealed

during the storage and feeding period was negligible.

Table 16. Estimates of Surface wastaa.amlaRtLaa2L2E
Pack Capacity

Pack Capacity
in tons

°o Estimate of Surface Wastage
(from topl sides & shoulders)

depth 3" depth 6"

50'
100
150
200
250

o/
/0

911

8

7
6;12-

191-
16
15
14
13

The experience of one farmer suggests. that a small dome-shaped stack

with a "skin-tight" top sheet covered well up the sides has tremendous advan-

tages, particularly at exposed sites where wind-damage risk is at a maximum.

The domes made by this particular farmer had very little wastage. This

suggests that it might be advisable to leave the larger stacks with ramps at

one or both ends rather than building them square.

In addition to peripheral deterioration losses due to respiration, fer-

mentation and effluent must also be included in total losses. With vacuum

silage, effluent losses are at a minimum but this may only have negligible

effects on the total dry matter and food value. With regard to surface de-

composition and respiration losses it should be stated that irrespective of

the compression achieved, the carbon dioxide gas which is generated inside

the stack preserves the silage as long as the airtight seal is maintained.

Once air gets in, however, there is a grave risk of decomposition of the top

layers and the deeper layers of silage may heat up. Heavy compaction may

lessen these undesirable effects, but in some cases prolonged pumping to
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overcome leaks and to get greater compaction may result in air being drawn

into the silage and accelerating further respiration and sugar losses. In

cases where the silage was exposed, water penetration leached and diluted

the lactic acid in the surface layers thereby creating conditions which

tended to induce secondary fermentation. • Altogether half the farmers

mentioned the deterioration of silage once stacks were opened or sheets

damaged as a major disadvantage.

Comments 'made by farmers in the survey suggest that the slightly more

mature cuts of grass produced the most palatable silage. Obviously such

grass compared unfavourable in digestibility and feeding value. Neverthe-

less, it constituted a good maintenance ration, was very palatable and kept

stock in good condition. The temperature of this drier, more mature her-

bage was easily controlled by this technique, although slight heating and

consequent loss of digestible nutrients occurred at a few stacks during the

feeding period, but the product was superior to silade produced in previous

years.

In marked' contrast, the potentially better quality silage made from

young grass, deteriorated badly because of secondary fermentation. At a

few farms a compromise was managed and a stable fermentation, little or

negligible surface wastage and some production from vacuum silage was re-

corded. It is interesting to note that at one farm Where dairy cows

(Friesians) were self-feeding vacuum silage and producimg maintenance plus

almost gallons from it, the estimate of daily consumption per cow was at

least 112 lb. -.far higher than from self-fed conventional silage.

Intentions for 1966

During the winter of 1965/66 when vacuum silage was being fed, farmers

in the survey were asked about their intentions for the 1966 silage-making

season (Table 17).

At that time most of the 30 farmers intended making vacuum silage in
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1966. The remaining few gave a variety of reasons for abandoning this tech-

nique. Some felt that the, product. had no advantages to offer over and above

conventional silage made either in a field clamp and suitably covered or• in a

walled silo in a building. Others claimed that vacuum silage could not be

made successfully at an exposed field site and, therefore, they intended

erecting buildings for conventional silage-making. Yet others felt that the

product did not justify the cost of materials and that the attraction of

making conventional silage in a brief period of time was greater than attempting

to make a superior product over a long harvesting period.

Table 17. Intentions for the 1966 Silage-Making Season
(5-1. Ts in the Exeter Province)

Number of Farmers

Number intending to make vacuum silage in 1966:-

Yes
No
Undecided

.9.22E2_21_1222t to be used in 1966:-

300
• 500

• 300 or. 500 (not decided)
500 Top sheet with 300 Bottom Sheet

Main Sites to be used for stacks in 1966:-

In Open (a) In field - no walls
(b) On earth or concrete floor -

.no walls
(c) On concrete floor - with walls

In Building (d) On earth or concrete floor -
no walls

(0 On concrete floor - with I wall

25

30

13
5

3
25

11

9

2

2
25

The table also indicates the gauge of sheet which the 25 farmers intend

to use - over half will be using the same gauge as in 1965. The main site
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intended for 1966 shows the popularity of the open site with no walls, which

accounts for 80% of all farms. - It seems that in the light of experience.

gained during 1965 no drastic mOdifidations will be made. , However, a few

who made vacuum silage in a walled silo in 1965 intend to change over to a

field site with no walls.. A number have *introduced a hard - surfabe as a re-
.

finement to the open sitewith no base and no walls, and they give a number

of reasons for doing so. For instance some intend self-feeding in 1966 and

are trying to avoid the tremendous 'problems of mud with earth floors. It

should be pointed out that self-feeding was only practised on a - Very limited

scale during 1965. Most of the farmers are acutely aware of the problem of

keeping top sheets intact and stacks sealed, and some are already planning

different methods of attempting to do so.

The cost of the equipment was only rarely voiced as an obstacle to the

introduction of the technique. It is less likely to be so in 1966 since
costs are being reduced. Details are given in Table 18..

Table 18. Cost of Standard Vacuum SilaKe Packs and
Equipment for 196 season in comparison with

cost at May 1962

Cost/pack Cost/ton Cost/packCapacity of 
land equipment Capacity and equipmentPacks
i 1965 i 1965 1966

tons I of; s. i s. d. L s.

Cost/ton
Capacity
1966
s. d.

50
1 

46 6
100 52 14
150 I 71 15
200 1 87 10
250 103 10
300
koo

18 6
lo 6
9 6
8 9
83

36 0
44 0
54 12
63 16
72 10
82 0
100 0

iLf 5
8 10
73
6 5
5 10
5 6
50

An added attraction is the appearance of 300 and 400 ton standard kits,

and the cost of replacing the original gauge polythene sheeting which is now

about 2/- per ton capacity. Heavier 'gauge sheets and butyl rubber sheeting
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are also available. These will be more expensive, but will have a much

longer life. More firms have now come into the market, each providing a

wide range of vacuum silage equipment including vacuum pumps.

Comments from farmers who ensiled young lush grass indicate that they

have decided to cut slightly later next time and accept lower quality but

more palatable silage rather than use additives to overcome the problem of

secondary fermentation.

• Finally, this new technique has helped many farmers in their efforts to

make better silage and has made them far more. Conscious of the difficulties

involved in producing well-fermented silage, particularly from fairly young

herbage.
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Chapter VI.

Prospects for Vacuum-compressed Silage

Judging from the experiences of the 30 farmers in the counties of

Cornwall, Devon and Dorset, vacuum silage has not yet provided the break-

through in grass conservation for which so many have hoped for so long.

There is in fact little evidence that a high quality conserved product with

small total wastage has been achieved. The technique has been dogged not

only by peripheral deterioration but also by secondary fermentation - a far

more insidious feature. Surface wastage is a physical problem created by

penetration of air and water and once the technique of maintaining an air-

tight stack during the storage period is perfected, the problem will be

largely solved. It has been claimed that slightly mature herbage and the

process of wilting both assist in achieving a stable fermentation. It has

also been suggested that additives may facilitate the conservation of young,

highly digestible grass. Whatever adaptations are made to the technique

there can be no doubt that the future of vacuum silage is partly tied up with

success or failure in cutting out nutrient losses. Valuable experience has

been gained already, and this will undoubtedly have an effect on both materials

and technique.

This survey did not establish any significant differences between the

resources used and the costs involved in making silage by the vacuum tech-

nique and by conventional methods. It is tempting to claim that labour will

be far more efficiently used in conventional silage-making in walled covered

silos, but labour problems in vacuum silage can be exaggerated and it could

well be that the method is suitable for large scale silage-making.

It seems then that the survey has been inconclusive both as regards

quality of product and labour requirements of vacuum silage. It is clear,

however, that for farmers without walled silos and buildings, vacuum silage

provides a means of (a) reducing the wastage incurred with alamps in the open,

(b) producing a uniform well-fermented product, (c) making a palatable Icon-
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served product of reasonable quality, (d) keeping capital expenditure to the

minimum, (e) enabling small quantities of grass to be ensiled reasonably

well, (f) getting novices to conserve grass successfully if they follow

instructions and lastly (g) setting up strategically placed stacks around

cattle and sheep farms for feeding to out-wintered stock.
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APPENDIX I.

Distribution of the Farmers Making Vacu= Silage

(76 Farms, Cornwall, Devon and Dorset, 1965).
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APPENDIX II.

- Details of Farms in the Sample

Table A. System of Tenure

Table B.

Table C.

(30 farms, Exeter Province, 1965)

Tenanted
Owner-occupied

- Tenanted & Owner-occupied

No. of
Farms

7
20
3

Total 30

Farm Size 
(30 farms Exeter Province, 1965)_

Acres
Farmed

No. of *
Farms

Under 50 1
50- 99 5
loo - 149 5
150-199 9
200 - 249 5
250 - 299 2
300 and over 3

3.3
16.7
16-7
30.0
16-7
6.6
10.0

Total 30 100.0

Acreage Rented and Owned
(29* farms, Exeter Province, 1965)

Acres

Total rented 1389i
Total owned 3479

Total acreage; 4868-1-

28-6
71-4

100.0

One farm is unrepresentative of the sample and, therefore, could not
be included in calculations of "per farm" figures.
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Table D. a:2E2LE
(29 farms, Exeter Province 1965)

Table E.

Acres‘
.er Farm

0//0

Cereals 41.0 24-.4
Other Tillage 5.5 .3.3

Total Tillage 46.5 27-.7
Temporary Grass 39.6 23.6
Permanent Grass 68.6 40.8

Total Crops & Grass 154.7 92.1
Rough Grazing 3.0 1'08
Other Acres (incl. Buildings & Roads) 10.3 - 6.1

Total Farm Acreage 168.0 100.0

Stocking .
(29 farms, Exeter Province 1965)

Type of Stock

Dairy Cows
Beef Cows
Other Cattle

.111.11•0111050.11.1111MINMINIMIIM,I, 

Total Cattle

No. per Farm

33
2
54

89

Range

Breeding Ewes
Sows & Gilts
Laying Hens

o 87
O 27
- 172

23 - 181

- 0-352
o - ko
• 800

•
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'APPENDIX. III.

Characteristics of 30 Farmers
(Exeter Province, 1965

aladE....21EaSSE

Background

Farm
Rural
Urban

Total

No. of Farmers

23
2

5

30

Table G. Formal Education

Category No. of farmers

Secondary up to school leaving age
(14 or 15)

: Higher School work (is to 18 years)
Farm Institute, College or University

15

10

Total 30

Table H. Age Distribution of Farmers

Age Group
(years)

Farmers

No.

20 - 24

25 - 29
30 - 34
35 - 39
ko - 44

45 - 49
50 - 54
55 - 59
60 - 64
Over 64

5

8

2

2

Oft

IMO

16.7
13.3
26•7
13.3

6.7
13.3
6.7
3.3

Total 30 100.0
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Table H1. 10_2f 17 Farmers in Devon in Corn arison
with Data from Devon Farm Survey* 19 5 

Age
Group
ears )

Farmers
% age Distribution

from Devon Farm

SurveNo . 0/,0

20 - 24 - - 2.6

25 - 29 2 11.8 ' 4.9
30 - 34 4 23.5 8.4
35 - 39 6 35-2 12.4
40 - 44 2 11.8 15.9

45 - 49 1 5.9 15.2
50 - 54 12.6
55 - 59 1 5.9 11.2
60 -6'+ I 5.9 9.9
Over 64 - - I 6.9

17 1 loo.o 1 100.0

*(Exeter University Econ. Dept: as yet unpublished)

N.B. A Chi-square Test showed that the difference between the
expected distribution of numbers of farmers by age group

(i.e. from .the Devon Farm Survey data) and the actual
distribution is highly significant. Although 17 farmers
constitute a very small sample with which to carry out
this test, the result does confirm an assumption that
could reasonably have been made about the age of people
who adopt new techniques.
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APPENDIX. IV.

Making Vacuum SilaEe

Table I. Mower and Baler Method - Man and Machine Time re uired -
12EL2a211.2peration of making Vacuum Silage,..22spressed

piarcre cul..2:22LarlicLE2r ton ensiled
(Average of 2 stacks made at 2 farms, Exeter Province, 1965)

Operation

Hours per acre cut over

, Man Machine

Average Range Average Range

Site Preparation
Mowing
_Turning
Baling
Buckraking
Loading & Stacking
Sealing
Pumping

Total Hours acre
cut.over

01 0 -1 - O"2
0. 0-6 - 0-8
0?2
0.7
2-3
387
1.1_
0• 2

0 - 0-2
0.5 - 1.0
1.4 - 3.1
1.3 - 6.2
0.5 - 106
01 - 0.4

0.7
0•2
0;7

1.5

13

9.9 1+.9 - 132 6.7 i387 - 986

Grass ensiled/acre cut ovei.. v:-8.6 tans; Range 5.8 - 1200 tons'

Operation

Minutes per ton Ensiled

Man Machine

Average Range Average Range

Site Preparation
Mowing •
Turning
Baling
Buckraking
Loading & Stacking
Sealing
Pumping

1
5

5
15
22

2

Total Minutes
ton -

58

1 - 2

0- 3
5- 5
14 - 16
14 - 31
5 - 8
1 - 2

51-66

5 - 7
1 0- 3
-5 5.- 5
15 14 - 16
8 0 - 16

9 8 - 10

43 38 - 48
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Tab.le J. A Comparison in Labour Requirement Between Vacuum Sila

and Conventional Silag2=E2hiaa_21spressed  as man  hours/acre

cut over and as man minui7Tinn ensiled.

Harvesting
Method+

Source
of

Data*

Man Hours/
acre cut over

Tons ensued!
acre

Man Minutes/
ton ensiled

Aver-1
age

•
Range

Aver-
age

- Range_
Aver
age

Range

V.S. Survey 784 5.6-11•2 8-1 5'0-12.5 58 35-104.
A 7.3 2.9-10.6 5.4 1.5-10.0 81 52-121
B 8.5 - r - - -

. . V.S. Survey 9.0 4.9-13.2 8.6 5.8-12.0 58 51- 66
A . 9.0 6.1-12.4 7.8 5.7-11.0 70 57- 89

V.S. Survey 887 382-14'0 9.2 4.5-18-8 61 29-112

Al 5.4 3.0-10.0 6.5 4.3- 9.7 50 :0- 62

[ 
A2
B .

7.9
6.5

3.0-15.3
-

6.6 4.0-10.0 72
-

38-125

1.C 6.2 71 - (52) -
. C ' 6.3 _ 3.0 - • (126) . -

C 6-4 I 4-9 - (78) -

I
1 1

- - - - - 101
t

: D
2

- - - . - 92 1 -,

* Source of Data:-
• V.S. Survey: Results from 30 farms making vacuum silage in Exeter

Province 1965.
Conventional Silap-MakinG:-
A: N.A.A.S. Technical Report No.:8 . "Use of Labour and Machinery in

Silage Marking" 1956.
Al: Farms using trailer towed behind harvester.
A2: All farms-using trailer either towed or independent.

B: University of Exeter, Report No. 143, "A Study of Labour Utilisation

on a Sample of Farms in South-West England 1960/61", by E.T. Davies.

C: University of Exeter, Report No. 125, "Co-operation - A Report of an

Experiment in setting up Co-operative Groups for the purpose of making

grass silage," J. Bradley.
Results'from'three groups set up in the Teign Valley of Devon, 1960.

D
1 Result represents. vacuum silage-making at 10 I.C.I. recorded farms, 1965.
D
2 Result represents conventional silage-making at the same 10 farms, 1965.

• Published by "Dairy Farmer," March 1966.

+1 Mower & Buckrake
2 Mower & Baler
3 Forage Harvester



Table K.

APPENDIX. V -- Individual Results

Milk 'Production Results from Farms at which Vacuum Sila e was Fed.
23* Farms, Exeter Province, Winter 19o5

Code
No.

,

No. Cows
in Herd

/ Dry

Daily Yield/
Cow
in Herd

(Galls.)

Concs..Fed
lb./Gallon

(incl.steam-
in: u.)

Bulky Foods Fed
V S

•

Daily Yield per cow

in milk (Galls.)
Bulky
Foods

Conoen-
trates

Total

6 25 28 1.9 1.8 VS, Hay S 1 -.7 1'0 2.7

2 .28 18 2.4 2.3 VS, Hay '& Kale 1.4 1.5 2.9

10 32 19 2.1 2.1 VS, Hay, Oat Straw,(Swedes
Cabbage. (& Kale 1.4 1.2 2.6

17 37 14 2.1 1.7 VS 1.4 1.0 2.4

18 30 13 2'1 2.5 VS. Hay & Cabbage 1.2 1.3 2.5

13 20 20 3•3 3.0 VS, Hay & Fodder beet ' 1.1 3.0 4.1
22 27 37 2.0 5.4 VS, Hay & Straw 1.0 2.2 3.2

28 35 29 1.2 2.1 VS, Hay & Potatoes 0.9 0.7 1°6

24 34 32 2.3 3.3 VS, Hay & Kale 0.9 2-.5 3.4

20 37 14 2.7 2.7 VS, Hay S 0.9 2.2 3°1

15 37 8 2.7 3'9 VS, Hay 0.2 2-7 2.9

9 17 35 1.8 4.9 . VS, Hay .& Potatoes 0.2 2.5 2.7

23 42 36 1.9 4.2 VS, Barley Straw 0.2 2.7 2.9

30 68 24 2.1 4.° VS, Con. Silage & hay 0.2 2.5 2.7

29 73 18 2..9 4.1 vs, Hay 0.2 3.3 3•5
26 45. 11 2.8 3'9 VS, Con. Silage, hay & barley

straw
0°1

27 87 16 • 2.4 4.0 VS, Hay 0.1 2.7 2.8

14 34 26 2.0 4-.3 VS, Con. Silage nil 2.7 2.7

4 45 24 2.4 4.2 VS, Potatoes, Promax'and Strawi nil 3.2 3.2

116 38 21 1.8 5'3 vs, ) Less 2.3 2.3

12 54 0 3.0 4.0 VS, Hay , ) than, 30 -. 3-.0

21 50 20 2.1 4.6 VS, Hay & Barley Straw )
_

iMainten- 2.6
1 t

2.6

5 . 34 44 1.6 4.7 vs, Kale ) ance ' 2*8
1

28

* Results from one other dairy farm have been excluded.



Table L. Vacuum Silage Analyses and Estimates of Surface Wastage
(23 Dairy Farms, Exeter Province, 1965/66)

Code
No.

Matter

ofi
DI:y pH

Crude
'rot em
in Dry
Matter

%Crude
Fibre
in Dry
Matter

Estimated
% Starch
Equiva-
lent

Estimated
% .

Digestible
Protein 

Estimate of Surface Wastage
(inches)

Top Sides
a-b la -b

Shoulders
a-. b

6 27.9 4. 8.o 32.1 12.6 1.3 6 - 6 6 - 6 6
.......,_

- 6
2 18.o 4. 12•9 35.1 9.0 1.5 4 - 4 4 - 4 4 - 4
10 23-2 4.1 10.0 36.9 10.5 1.4 o - 3 o - 3 o - 3
17 22.2 3.. 10-3 35.2 10.0 1.4 30 - 36 30 - 36 30 - 36
18 - - - 2 - 6 2 - 6 2 - 6

13 17.2 4. 15•2 33.8 9.5 2.0 3 3 2 - 2 2 - 2
22 20.5 3. 12.2 29.4 10.0 1.6 6 - 6 6 - 6 6 6
28 17.5 4-. 11.8 34.3 7.5 1-3 3 - 9 3 9 3 - 9
24 19.3 - 8-9 1.4 4 - 6 4 - 6 6 - 12
20 19-2 4- 14.2 31-2 9-6 1.8 1 - 1 1 -1 1- 1

15 23.2 LI-. 13-2 33.8 11.6 2.0 .6. - 6 6 - 6 6 - 6
9 21.3 3.. 10.6 27.3 9.6 1 *4 6 - 6 6 6 8 - 8
23 - - - - - 1 -i8 3 - 6 5 -i8
30 28-3 4., io.4 31.9 12.0 - 0 '- 6 o - 4 o -. 4
29 22.4 4., 9.5 36•7 8-5 _ 6 - 12 6 -12 6 - 12

26 20.4 4. 13-o 36.3 10.2 1'7 1 •2 1 - 2 2 - 2
27 19.3 3.; 1402 28•9 8.7 1.9 1 4 o - 2 0 - 2
14 18.5- 4.: 12.7 31.9 1000 1.5 3 - 8 3 - 3 3 - 8
4 20-3 3.* 11•2 37.4 9.1 ' 1.4 - **
16 21.4 4.. 13.2 35.5 , 10.7 1.7 I -3 - 3 8 - 8 8 - 8

12
21

19.1
21.7

4..
4.1i

8.8
15.3 i

38.2
I28.9 1

9.5
1200

1.5
2.3

1
,
4
0

- 4
- 0

4
4

- 4
- 4

4
6

4
- 6

5
,
22-3 4.& 12.9' 34.2 i 11.1 1.8 I

1
3 - 6 I 3 6 3 6 -

* The difference between "a" and "b" is the additional surface wastage after the
stack is opened.

** Vacuum Silage surface waste was nil as conventional silage was made on top of
the stack.

•
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Table N. Vacuum Silaae Analyses and Estimates of Surface Wastage
(6 Cattle and Sheep Farms, Exeter Province:7'75/66)

Code
No.

% '

Matter

% Crude
Protein
in Dry
Matter

/) Crude
Fibre
in Dry
Matter

Estimated
% Starch
EquivalentDigOstiblp

Estimated
%

Protein

Estimate of
(inches)

Surface Wastage

a
Top
-b

Sides
a- b

Shoulders
a - b

1 18.4 4.2 15.0 30.1 902 1.7 6 - 6 • 6 - 6 6 - 6

25 - - - - - 2 - 2 2 - 2 2-2

8 21.9 4-5 12.8 32.8 .11.0 1,7 4 - 7 4 - 7 4 - 7

8 26.0 4-2 11.9 30-9 11-7 1.7 0. - 5 0 - 5 0 • 5

8 32.2 - 4.2 8.9 32.9 14.5 1.7 0 - 10 0 10 0 - 10

11 22.4 3.9 10.8 29.5 10.1 ' 1.4 - 0 - ? 0 - ? 0 - ?

11 21.9 3.9 - 12.3 33.3. 10.9 1.6 0 - ? 1 - ? 2 ?

11 - 19.4 4.2 17-0 35.0 10-7 • 243 0' - 0 ,0 - 0 0' - 0

11 •.-2200 4-0 1049 383 9'9 • ' 1.4 . 0 - 0 .2 2+ 0 •.- 0

II 24..9 4-0 11.9 32.6 11.2 . 1.8 0 - 0 0 - 0 0 - .0

11: 21'3 , 4'0 10.5 3544 906 1.3 4 - 6 .4 6 . .4 .. - 6

11 16.8 4.3 ' 17.7. • 32.2 8.4 - .1-8. 0 - 0 0 •- . 0 0 - 0

3 28.4 4.0 9'5 35.8 12,8 1.6 5 -'5 5 - 5' 12 - 12

3 '21-1 442 '8.4 37.8 . - 5 - 5 5 - 5 5 - 5
19 19.8 4.3 13.6 33.9 9.9 1.6 0 - 0 0 - 3 0 - - 3

side only
4



Table N. Conventional Silage Analyses and Estimates of Surface Wastag2
from farmsmaking Vacuum and Conventional Silap 

(11 Farms, Exeter Province, 1965/665

of, % Crude YO Urude
Estimated 

Estimated Estimate of Surface WastageCode ' Protein Fibre 434 (inches)Dry pH 
i % Starch 'No. n Dry in DryMatter
Matter Matter 

Equivale4
Digest

i
bl

Protein Top Sides Shoulders

9 - 6 12 12
7*. 46.6 4.9 15.5 32.7 23.3 4.6 - - -
14 • 27.5 4.1 11.o 30.6 8.o 1.5 3 36 36
18 - - - - - - 2 2 2
18 .- - I"' 

alb 
a." 4 8 -

28 18.5 5.4 13.2 35•9 7.5 1.6 3 3+ 344.
26 22.0 4.9 13.2 37.1 8.5 - 1 3 3
19 - - - 2 6 12
4 OM IPS 

I"' .. ... 
...**

21 Ma OM 
.... ... 3 27 27

30 21.6 4.2 14.9 31.2 10.0 - 3 o 1 .
29 19.4 3.9 13.1 33•6 8.o ... . 0 o o
29' 17.4 1 4.6 16.1 30.9 8*.o - o o o
29 22.4i 4.4 s 9.4 36.8 8.5 3 12 1 12

1.side.only ++ 1 shoulder only

* Analysis of high dry mqtter silage made in a tower silo (excluded from average• analysis calculation),
**Conventional silage was made on top of vacuum silage and was all wasted.

t, •


