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Explanatary Note,

The present thesis has entalled three main lines -
of study: (1) a critical analysis of previous
published work on artificial grass drying, (1i) a
field survey of the practical problems of the process,
including the reliability of the machinery, the dove-
failing of human labour requirements, the relative

adventages of horse versus machine labour, and tle

like, and (111) a detailed investigation of the actual
écosts of grass drying as determined in a three-year
commerclal trial on a moderate sized dairy farm, and

a comparison of such costs with those recorded by other
workers.,

In order to ensure a balanced presentation of the

hole subject it has, however, been necessary to omit
uch of the detalled material from the main text of the
ﬁgesis, which 1s therefore concerned largely with a
biscussion of the general principles which should, in
fhe writer's view, form a basis for assessing both the
fechnical.and economic feaslibility of artificial grass
arying. The material In this part of the thesis 1is

?n consequence illustrative rather than exhaustive.
ﬁhe more detailed study of costs has therefore

Feen relegated to Appendix I, while in Appendix II a
#rief anglysis is given of the results of certain
éarlier plot experiments which formed the basis of the
Hannah Institute's own srass dryinz trials.

It may be noted that in addition to his




iinvestigations in this country, 'thé writer made a
personai study of the results of grass drying trials in
'Holland and Switzerland, the conclusions of which have
been given due weight in the text of the thesls.




INTRODUCTION.

Woodman's classic studies of the composition of
; grass herbage, which were carried out at Cambridge in
| 1926(1), demonstrated the following important facts:

| (1) Young leafy pasturage has a higher feeding
value than had hitherto been supposed. Its
dry matter has the character of a protein
concentrate of high digestibility and
nutritive value.

(11i) When pastures are closely grazed, either con-
tinuously or at regular intervals, this con-
centrated character is retained throughout
the entire season.

(111) Certain species of grasses, such as creeping
bent, which under an inefficient system of
grazing have only an indifferent feeding 1
value, display under conditions of "direct" ‘
or "rotational" close-grazing a composition
and a feeding value approximating to those
of the more esteemed grasses such as
perennial rye grass, cocksfoot and rough
stalked meadow grass.

The discovery of the protein-concentrate characﬂr§
of young grass naturally led to the idea of conserving?
| the surplus produce of pastures for winter feeding as ?

a substitute for ollcakes and other protein-rich foods:

For this purpose two methods of preservation were '
possible, namely, artificial drying and ensiling.
As the impression was generally entertained that
- the effect of heat on a moist feeding-stuff might be
i to depress its digestibility, and in particular the
digestibility of its protein, Woodman(z) undertook ‘
further experimental work from the results of which it§

was shown that young grass does not suffer any
depression in respect of digestibility when it is

dried either at the temperature of steam or by direct



heat in a kiln. Thus the path was’ cleared for
further experimental work on a commercial or semi-

commercial scale.

|

|

!

|

The growing realisation of the importance of §
!

grassland and of its potentialities under proper treat%

!
i

ment led to a preliminary survey of the possibilities

| of conservation in a form which would combine trans-

% portability with high nutritive value. In 1928
i Duckham, in what is probably the first comprehensive g
report on the subject, tentatively suggested that }
dried young grass in cake or briquette form could be

produced at about £6 per ton. It was calculated

|
|
| that this grass-cake would be worth about £9 per ton, ;
' 1i.e. twice the value of hay#*, with twice the starch j
' equivalent and three times the digestible protein. i

The comments made by Duckham at this early date |
t were remarkably far-sighted. He considered that the f
| feasibility of economic production would be determined?
by cutting, carting and drying costs. For cutting |
he suggested that rotary gowers should be used, the
crop being carted in special wagons designed to avoid
"heating". Wwilting on the ground would reduce g
drying costs, but would present certain difficulties, |
whilst the value of the final product would be

lowered. His estimates of the cost of actual drying

varied from 12/6d. to over 90/- per ton of grass cake+,

t
'

% Good meadow hay in March, 1928 had a farm feeding
value of £4:18: O (J.Min.Agric. XXXIv, 12).

+ The capital cost of the driers varied from £120
to £8,000.



It was desirable, Duckham felt, that speclal attention

should be paid to this aspect of the question, and he
suggested that the economic possibilities of grass-

- cake should be given publicity in the engineering

. world.

As regards the product itself there was reason to
believe that artificial treatment would not lower

digestibility® or destroy the vitamins in the grass,

' Grass cake with too high a . protein content could

easily be adjusted by the addition of carbohydrate-
rich feeds. Palatability could, if necessary, be

readlily and cheaply improved. The compressed product

- would run under 50 cub.ft. to the ton, qualifying for

low freight rates, and would thus be capable of being
transported distances which would "kill" hsy.

Duckham concluded that there seemed to be no

- doubt that highly digestible young fodder crops could

be successfully cut, dried and compressed into a

marketable form if economical methods of handling the

wet material could be devised, and if suitable drying

apparatus were forthcoming. This was in the main an

engineering problem, but it could usefully be supple-
mented by finding or breeding quick-growing, heavy-
yielding and easily-drying fodder crops capable of
standing continuous cutting, yielding a concentrated
product with good nutritive and Ca0/Pg0s ratios, and
having both a low soil-water requirement and a low
moisture content. Feeding tests on all types of

stock, covering both new and established crops, would

° Confirmed by Woodman 1930 (2).
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- given due publicity, and a number of engineering firms

- interested themselves in the design and production of

. A Committee, with appropriate sub-Committees, was
- subsequently formed and a report(4) to the Council
1ssued in 1935. In this report the Nutrition and

' Management Sub-Committee expressed the view that. a

j In their opinion the best conditions for success on a

. pastures are known to be highly productive and to give
| a relatively even production throughout the summer.
; It was considered that small and relatively cheap

% plants for the individual farmer would be useful t

" under a wider range of conditions and would be a boon

have to be carried out before the use of the resulting
dried producte could definitely be advocated. k

The economic possibilities of the process were

grass driers and accessory equipment. |
The importance of the subject of the preservationf
of young grass was recognised by the Agricultural }
Research Council in the course of their general surveyg
of agricultural research, and early in 1933 a |
conference of some of those interested in the preéer-

vation of grass and other fodder crops wes arranged.

successful system for the preservation of young grass

would be of very great value to British agriculture,

large scale would obtain in districts of moderate or

high rainfall, and on good land, where existing

to many grassland farmers.

The Process Sub-Committee, reporting on the

practical requirements of a farm drier, stipulated §



that, in order to be capable of general use on ordinary.
farms, it must not call for any operations not easily ;
and efficiently performable by ordinarily intelligent é
farm labour. It must also be as free as possible from§
moving parts or mechanical devices likely to get out ;
of order or to need skilled mechanical knowledge for é
stheir operation or maintenance. Moreover, it must be ;
iof low capital cost and low running cost. In the E
ilatter connexion, economy of labour was considered to !
be of great importance. In addition, the drier must
produce uniformly‘dried herbage, free from damp
patches, without impairment of quality.

Reliable data, based upon full scale commercial
.operations during a whole season, were not available
for any of the driers in use at that time (1935). The
Committee estimated that the raw material for a ton of

|
i

dried grass could probably be produced for about 40/-%.

‘It was noted, however, that the overall cost of the |
dried herbage must be such that its cost per food unit ?
would not be more than that of purchased concentrated E
foods. On the basis of the prices of purchased con-
centrates ruling at the time (1935), the calculated

value of dried grass was assessed at £5:15: O per ton.

This left a margin of 71/- to cover the cost of con-

% This rough estimate was based on a cost of £5:15: O
per acre for rent, lime and fertilisers, cutting and
collecting, miscellaneous labour and overheads. A
yield of 3 tons of air-dry material was taken as a
conservative estimate for good land in the better
grazing aress. The estimated cost of raw material

was, therefore, £5:%§: 0 = £1:18: 44. To this 5/94.

was added for carting, making a rough cost of the
raw material delivered at the drier £2: 4: 1d. per
ton.



verting the fresh herbage into dried product ready to

feed to the animal. The problem from the factory end,

the report concluded, would be to reduce manufacturing j

and handling charges to a figure below this, assuming
that the level of prices for feeding stuffs remained
‘the same. It was considered that this margin of 71/-
;per ton was an attractive one. There seemed good

{

reason to believe that the all-in cost of conversion
Eof fresh herbage to dried cattle food by a suitable
drier on the farm, might easily be less that this

figure. It appeared, therefore, that there were good

prospects for the farmer being able economically to

produce, by means of artificial drying on the farm,

dried herbage for use in place of purchased concen-

jtrates in the feeding of his stock.

; Less than a dozen driers had been in operation in
;Great Britain during the 1935 season. There can be
little doubt that the publication in September 1935
lof the Committee's report served to quicken interest
in this new grass conservation process. The number

of driers in use in the following season increased to

46.

|

|
|

The Committee of the Agricultural Research Council

decided to spend their chief efforts during 1936 in
collecting facts about the different driers at work
and about the effect of grass drying on the economy
‘and management of the farms. A comprehensive survey
was therefore carried out by Roberts, whose report(s)
was issued in May 1937. The report stated that the

costs of production of dried young grass made on farms

|
i
i
i
|
I

|
|
i
|
i
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in 1936 varied from £4: 8: O to £7 per ton of dried
material, the average being about £6. This figure
included provisional allowances for rent, overhead
expenses and depreciation. With the prevailing prices

of concentrated feeding-stuffs, the cost showed a

;favourable margin on true nutrient values. The cal-
gculatedxfood value of dried grass was taken as

536311: 9d. per ton, and the cost of production as
§£5:17: 5d. The surplus thus available was 14/44d.

‘per ton. Moreover, high profite were made temporarily
by selling ground dried grass for special purposes, ;
e.g. for feeding to race-horses. It was stated that

the chief obstacle to an extension of grass drying on

farms was the high capital cost of the driers - £300

1to £900 - and of the other necessary accessories. The

1

iopinion was expressed that these capital costs would be

lowered as manufacturers of driers gained experience.
| A study of grass drying production costs in 1936
was also published in March 1937 by the Agricultural
Economics Research Institute of the University of i
Oxford. The report(e) was based on data collected

from five farms in England, so situated that continuous

supervision of the records was possible. The costs

ranged from £5: 9:11d. to £6:10: 3d. per ton, with a
simple average of £5:18; 6d. The authors concluded

that, whatever the precise value of dried grass might

be, the costs of producing it did not appear_at that

time to leave a wide margin of profit. These costs,

and the lessons which could be learnt from them, based

though they were upon the fullest information available;

11



at the time, by no means amounted to a final appraise-

ment of a process which, as it turned out, fell very :
considerably short of perfection. A further study wasé
~therefore, undertaken in 1937 embracing the grass dryiné
-experience on nine English farms. The results were g

?included in a report(7) published in April 1938.
i The records which formed the basis of this report

i

!
!
|

related to a quantity of dried grass (707 tons) which

?probably amounted to upwards of 10% of all the dried
‘grass produced on farms in 1937, and as such they con-
stituted a reasonably adequate sample of grass drying
experience in that year. The costs varied from
£3:17: 6d. to £8: 7: 2d. per ton. The range was a
%wide one, but no greater than was to be expected in
éview of the variety of conditions under which the grass

|
‘drying operations were conducted. The lower costs

fwere found on those farms where the guality of the pro-

‘duct was subordinated to economy of production. There

were those who aimed at a high quality product and
incurred high costs, and on the other hand there were
those for whom cheap production was the main motive,
even though it involved sacrificing the guality of the
product. The author's final conclusion was that not

'on;x,could dried grass be produced profitably, but the

product compared favourably with other foods on the

basis of cost per 1lb, of protein and starch equivalent.

Meantime interest in grass drying had not been §
confined to Great Britain, and among the countries

which had watched the development of the new process §

were Switzerland and Holland.

12



There has been, at the outset, considerable
difference of opinion as to the benefits which might
‘accrue to Swiss agriculture from the introduction of

-grass drying. The subject claimed official interest,

iand since a broad division could be made under the

iheadings of technical, agricultural and national |
| |
iproblems, three workers applied themselves to the task |

}of studying each of these separate aspects. A
1
|

volume(s) was published in 1938 containing the three
Qresulting reports. The first by Bucher was a com-

‘prehensive survey of the economics of the artificial

drying of young grass in the light of English experience.

f

fIn the second report Landis dealt with the feeding
| \

.value of dried young grass and’' the husbandry of

|
]artificial drying. Technical problems were discussed

by Boudry in the third report. The general conclusion

~was that as artificial grass drying was at that time ;
i |

still in a developmental stage no definite conclusions ’

could be formulated.

Before experiments on a commercial scale were
undertaken in Holland, Frankena(g) reviewed existing |
|

knowledge on the subject of grass drying. He con-

‘cluded that a regular supply of short young grass was
~essential, and that the control of herbage growth was ;

therefore of primary importance. The Kaloroil type of ;
~drier (pre-drying in trays and main-drying in a
revolving drum) he considered the best type; he also
noted that of the German plants the Rema-Rosin system

(pneumatic high temperature drier} took first place%.

* A good general description of the various types of
drying plant then available is given in the report by
Roberts( 5 ).

13



~ation which he had in mind was, apparently, a reduction

' product, the review noted that this tended to fall off

‘mature a stage of growth. It was considered that the

:best method of storing the dried product was in the

~affected by feeding dried grass was also noted.

centres*. Although there were no great differences

~coke, 'the costs showed considerable variation. A
‘report(lo) was published by Frankena in 1939, The

kgeneral conclusion drawn by this author was that grass

. Important role. Dealing with the quality of the

On the subject of costs Frankena considered that much
depended on the use made of the drier, and thus a |
regular supply of short leafy grass and a large

seasonal output were necessary. The chief consider-
of the depreciation charge per ton of dried material.
He also noted that according to Danish investigations

the moisture content of the fresh grass played an

rapidly in actual practice, the reason being that the

fresh grass was apt to be cut too late, i.e. at too

form of compressed bales. Grinding could also be
used, but the final product was then somewhat dusty.

The claim that the colour of butter was favourably
The Netherlands Government first sponsored ex-
perimental drying in Holland on a commercial scale in

1938 and Kaloroil driers were installed at three

in the basic rates paid for labour, electricity and

drying was a step in the right direction. The favour-

able results which had been obtained by the inclusion

of dried grass in the ration formed a very powerful

* Burum, Leeuwarden and Stolwijk; A Rema-Rosin plant
at Kolhorn was used for drying lucerne.

14



incentive to adopt the process, especially in connexionf
with the manufacture of cheese and condensed milk. The
objections which, in spite of many improvements, have
been repeatedly advanced in Holland against ensilage,
led many farmers to believe that a remedy for their
difficulties lay in the artificial drying of grass. |

jFrankena suggested, however, that their optimism might

. be exaggerated, for notwithstanding the difficulties,

"ensilage is a cheap method of producing a succulent ;

food. One element in the process as a whole which
attracted his attention was the decrease in losses in
comparison with other methods of conserving and storing&
"He considered that in the long run the production costs
Lfor the whole grass drying process must be the decisive
| factor, although in this respect the future of the
éprocésa did not appear unfavourable.

i The further application of the process in Holland
'depended, in Frankena's view,on the possibilities of
co-operation, as it would hardly be possible for every
~owner of cattle to procure a grass drier. If the trend

of development were towards large independent install- |

ations whereby several producers, situated in a narrow

circle around the plant, were associated, he considered
that the project would become practicable. He pointedé
out, however, that in such a case it would be essential
on the one hand to utilise the drier to full capacity 1
and on the other hand to ensure that each co-operating |

farmer was permitted to supply sufficient herbage to

% Preliminary experimental work in Holland has shown
that, in comparison with haymaking, as much as 30%
more dry matter may be obtained from a given weight
of fresh herbage.

(514



meet the full needs of his stock.
To return to Great Britain, the survey undertaken

by Rdberts(5) was continued to include the experience

of season 1937 and 1938. A comprehensive report(ll)

-was lssued in 1939, Feeding trials had indicated

' that, in general, dried grass gives the results ex-
}pected from its chemical analysis, and that dried youngE
ggrass can largely replace concentrates. Although it
Ewas difficult to select a representative figure from
:the range of costs available, Roberts considered that
dried grass could be produced at £6 per ton. The
value of the Grade I product* was £6: 3: 4d4. This
'left a small surplus of 3/4d. per ton in favour of
:dried grass. The author stated, however, that only

1

Eabout 30% of the dried grass produced in 1937 and 1938

fhad'been of the best gquality. No detalls are available

l
|
l

regarding the quality of dried grass produced at the

‘twenty centres for which costs are given in the report.

‘If the generalisation applies that only 307 was of the |
best quality, then 70% of the output was worth not !
more than £4:12: 2d. per ton. At eighteen of the
twenty centres, however, the costs exceeded this
figure.

Finally the author considered that the profit or

loss from grass drying, like that of most farm enter- i
prises, depended very closely on the personal factor; §
it gave great scope for efficiency of operation and ?

supervision.

+ Standards of quality have been established commercially
by grading. In 1937 these were: Grade I, 177 crude
protein or over; Grade II, 14-17#% crude protein;
Grade III, 12-147 crude protein. :

16



Discussing the future of grass drying the author 1.7
considered that this depended on three factors. PFirst, .

the prices of purchased concentrates would always have

an important influence. Second, improvemgnts in |
driers leading to greater efficiency and lower prices |
jwould also influence the movement. Third, improvementE
as regards uniformity of drying, and reduced costs by
%field willting would increase its popularity. 5
| In a report from the Agricultural Econanks Research
Institute Dixey and Butler(lz) also dealt in detail
with costs obtained in 1938, and used the experience
gained during the three years 1936-38 as the basis of

a more general survey. The actual costs over these
fthree years varied from £3:13: - to £8: 1l: 9d. a ton.

l more detalled examination.of the figures, however,
Eenabled an estimate of £5: 5: O to be made for a ton

?of dried grass of good average guality, i.e.around

17% crude protein content. The author's final comment
‘on the subject was, however, in the following terms:-

"One thing 1s certain, that so long as grass
cannot be produced in level quantities from
a given acreage, grass drying is a difficult
undertaking. It makes heavy demands on the
skill and the pains of the farmer. Add to
this the considerable cost of. embarking upon
it, and it is not surprising, perhaps,that
most farmers are satisfied to continue with
the feeding-stuffs to which they have become
accustomed".

Thus in this latest publication the full circle
is completed and the main problem is once again baldly

propounded, i.e. how far the substitution of home-

produced dried grass for purchased feeding-stuffs is

really .. practicable. Moreover, the advent of war has




added unexpected cogency to this question, since the
plentiful supplies of purchased.  feeding-stuffs 'to
which the farmer has become accustomed' afe no longer
available.

It is obvious that under war conditions any
.considerable extension of grass drying cannot be en-
visaged. In the first place the present extensive
éneede of the country's live-stock for home-produced
Efeeding-stuffs necessitate the adoption of a method of
congervation which can be applied at short notice on a
very large number of farms. Modern methods of
ensiling provide such a method. In the second place,
the output of engineering firms 1is necessarily
diverted to the vast needs of the armaments industry,
so that there 1is little chance of securing material or
labour for the construction of drying plants. In the
third place, the production of dried grass involves
relatively heavy fuel consumption, and this in turn

would necessitate increased pressure on the fuel pro-

duction and transport services. 'Finally, grass drying

involves relatively large labour requirements which,
in view of the present shortage of agricultural
workers, could probably not be spared from the other
agricultural activities on the ordinary farm.

On the other hand, dried grass does possess
certain advantages over grass silage. It is easily
transportable, and can therefore be used to conserve

hérbage in areas where surplus grass is readily

produced so that it may be transferred to less favoured

localities. For certain classes of stock (e.g.

multry), where silage cannot be fed, artificial drying 7

18



forms the only practicable means of obtaining a proteinT
rich concentrate from grassland which can be used to |
ireplace imported feeding-stuffs. Dried grass can, too,
be used in the preparation of compound feeding-stuffs,

and is therefore of particular value to provender

herchants. Tor all these reasons it is clear that,

Even if new plants cannot be erected during the war

period, every effort should be made to utilise existing

plants to theilr maximum capacity.

Moreover, it is pertinent to point out that the
principles governing the production of the fresh herbage)
and its cutting and collection, apply equally to both
%nsiling and drying. Information regarding these
éspects of herbage conservation has, therefore, a dual
;alue at the present time.

‘ Por the past twelve years various aspects of
grassland management and of methods of herbage con-
servation have been studied at the Hannah Institute.

The investigations undertaken have included plot experi-
ments designed to determine the yields of grassland
under different conditions of manuring and management;
field experiments into the production of green herbage
for ensiling and drying, including the production of
green soiling crops; and a three-year grass drying

%rial in which a variety of other types of ancillary

equipment (cutters and collectors, grinding mills and

balers, etc.) were employed.
The grass drying trials were undertaken when the f

process was still in its 'teething' stage, and they had,{
in addition, to be merged with other farming activitiesJ



-+

Moreover, it was inevitable, in view of the Institute's;. 20
function as a research centre, that experimental work g
should be carried on side by side with commercial 2
production. It may be noted, for instance, that as a é
result of the Institute's constructive criticisms, !
plant manufacturers have from time to time made con-
;siderable alterations to their equipment in order to
‘increase its efficiency and reliability. Under all
these circumstances it has,'uwramﬁe,naturally been
extremely difficult to arrive at a true estimate of the
economic success of the process. On the other hand,
much valuable experience has been gained not only in
regard to general principles, but also in relation to
the many practical difficulties which manufacturers and
‘owners of grass drying plants are likely to encounter.
In the present report an attempt has been made
fto summarise the information thus available. No
‘attempt has been made to reach any final conclusion as
regards the profitableness of grass drying. It will
become evident, in fact, from the text of the report
that no final conclusion can in fact be reached in
regard to a process»which may be applied under such a
wide variety of local circumstances. The report is

intended to be informative rather than conclusive, a

record of experience rather than a cut-and-dried

statement of profit or loss. It is hoped, however,
that by this means it will at least stimulate further §
thought and study on the part of both plant manu-

facturers and users, and so contribute to the solution

of the many problems which still require investigation.
!

|
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I. THE CAPITAL INVOLVED IN GRASS DRYING,

l. The Plant Necessary.

Grass Drying is a new agricultural process involv-
ing the purchase of a drier and accessory equipment.
For an excellent account of the different makes of driers,
ireference may be made to the report by Roberts(5). The
idriers available in this country may be classified
Eaccording to the salient features of design as (i) tray
driers (ii) endless-belt driers (iii) revolving drum - |
driers and (iv) pneumatic driers. Opinion is divided,
however, as to the merits of the various types.

Almost all the models available have now been tried
in actual practice. Thus one report on 1936 costs(s)
embraces the experience with three different types of
ﬁrier, viz., Ransome, Billingham and Curtis-Hatherop.
The first is an endless belt drier; the other two are
tray driers. For the practical experiments sponsored
by the Government of the Netherlands and described by
Frankena(lo) Kaloroil driers were used; in this model
pre-drying is effected in trays and the final drying in
a revolving drum. In the Institute trials two different

gypes of endless-belt driers were used, viz. Ransome
aﬁd Petrie & McNaught.

In subsequent grass drying operations preliminary
tests were carried out with one type of revolving drum

drier, i.e. The Harvest Saver, which had been designed
to supply the obvious need for a drier of low capital

cost. The model used required considerable modifi-

cation and no report on its performance is therefore



available meantime,

As regards accessory equipment many producers of
dried grass have found it expedient to use special
machinery for cutting and collecting the short leafy
herbage, and the implement most favoured in practice
has been the Wilder Cutlift combine. On the other
hand, from considerations of motive power and eéonomy
many farmers who did not normally use tractors found
the ordinary horse-mower satisfactory. Both these
methods were tried at the Institute, and the practical
implications are discussed later.

when the dried product has been obtained, the

|
q
}
|

|

|

question arises as to the best method in which to store|

it for winter use. The dried grass leaves the drying

machine in a bulky form inconvenient to handle, and for

this reason it is generally baled or ground into a

meal. This involves the purchase of either a baler

or a grinding mill. When the grass drying process was

first introduced on a practical scale, baling was the
commonest method of dealing with the dried grass, but
grinders were soon introduced and by their reliability
and simplicity of operation commended themselves to
many dried grass producers., During the Institute
trials the dried product was stored both in bales and
as meal, in order that the relative merits of the tﬁo

forms could be assessed.

2. Time of Installation.

As the grass drying season normally extends over

the seven-month period of April to October, the most

|
)

|

sultable time to instal the necessary plant would be asf
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gsoon as weather conditions permit at the beginning of
the year. The lateness of instellation of the driers
‘used during the Institute trials* not only resulted in

‘a serious reduction in the seasonal output of dried

grass, but adversely affected the quality of the

Eproduct. This experience is not an isolated one; a

‘number of instances have been brought to notice in

|
iwhich producers of dried grass have received a serious j
‘set-back in their first season because the installation!
of the plant was completed too late to enable them to ;
cope with the initial flush of grass in the early
spring. It would appear desirable, therefore, that
prospective purchasers of grass drying plant should be
advised of the difficulties which they are likely to g
encounter unless they can arrange for the complete

- installation of the drier sufficiently early in the
year to enable them to take advantage of the natural
spring flush of grass and of the effect of any special
manurial treatment which may have been given to the

grassland.

3. Capital Qutlay.

In view of the additional equipment necessary for

grass drying, it is desirable to consider at the outset

the question of the capital involved. ;
|

i

The many types of driers available in Great Britaiﬂ

vary in size and output, and prices range from £250 to

|

£ The Ransome drier was not available for use until the!
middle of May 1935, while the installation of the
P. & M. drier was not completed until June 1936.
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£1,500%, The dearer models are generally of more
robust construction, and are capable of dealing with a ;

greater input of wet herbage per hour. But the cost
of the drier alone by no means represents the total I

capital outlay involved. This point is well illus- i

trated by noting the capital expenditure for an endless%

1
1

belt drier installation in 1936°.  The list price of

the drier was £490 and the total expenditure (exclusive

i

of field equipment) was £1,594. Since, therefore, the

cost of the actual drying machine may account for as

little as one-third of the capital outlay, it seems

desirable to indicate the nature and incidence of the

additional expenditure. A brief account may therefore |

be given of the cost of the plant and equipment used
during the Institute trials.

(1) Plant used in Trials.

The machine installed in 1935 was a Ransome Model

B.C.D.B, equipped only for the drying of grass. The
price of £425 included the erection of the drier, but
excluded the cost of (a) foundations, (b) furnace, (c)
electric motor, (4) driving belt and (e) carriage from
works. These items involved additional expenditure
of £200. The drier was housed in a corrugated iron
éhed, and & small lean-to shed was erected to protect
the electric motor; these cost a further £200. When

drying started it was apparent that there was not

sufficient outlet for steam and coke fumes, and at a

cost of £20 alterations were effected to the roof to

* Por details see Reports by Roberts(5) Dixey(6’7’&12);?

also the review by Cheveley(14).

° marm No.l, Dixey and Askew(6).
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give increased ventilations%. In addition an existing.%
shed valued at £150 was appropriated for the storage ofi
‘the dried grass. ‘ 1

As it was intended tb bale the dried grass an offer
by British Crop Driers Ltd. to loan a second-hand baler

fwas accepted. As an indication of the capital cost of

'a new baler it may be stated that, in conjunction with |
;their P. & M. drier, Messrs. Petrie & McNaught Ltd. of
‘Rochdale subsequently supplied & baler specially
designed for the baling of dried grass. The cost of |
this machine was £190.

The Wilder cutlift combine has been specially
designed for collecting short young grass direct from
the cutter bar of a field mower, and elevating and
‘delivering the grass into a trailer, towed behind. The
‘1935 model obtained for the trials incorporated a
Hornsby R7 5 ft. mower. The trailer was on pneumatic
land wheels, and had a patent adjustable tractor draw-
bar. Inclusive of carriage, the cost of the Cutlift
cbmbine and trailer was £156,

The tractor used to draw the Cutlift combine and

trailer was an International "Farmall" 12 costing £210

ex works.

|
The total capital cost of the plant and equipment 1
|
used at the Hannah Institute in 1935, including tractor!
and Cutlift combine, amounted to £1,550 , |
|

i.e. nearly four times as much as the cost of the drier:

alone.

*# Subsequent experience showed that this additional
expenditure had justified itself by accelerating

evaporation and retarding the rapid deterioration
of the shed through rusting.
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From this account it will have been noted, that,
in addition to the actual price of the drier, expend-
iture may be incurred on foundations, furnace, electric

i

motor and sheds. On the other hand, it is possible to}
‘obtain a model erected complete and ready for service. '
Such a drier is the Petrie & McNaught drier, A
. generous offer by the makers to donate one of their i
imachines in 1936 was accepted by the Institute as a
‘means not only of furnishing additional experimental
data, but also of providing a method for dealing with |
the surplus grass available during the flush periods. g
The P. & M. drier was erected as a self contained unit E
with a canopy at either end for the protection of the
‘workers during adverse weather conditions. Space was
7availab1e at one end for the storage of fuel under

‘cover, and the furnace was provided with an automatic

stoker. As the drier was complete as erected, the
figure of £1,350 (which represented the cost at that

time) is comparable with those for driers plus any

i
!
additions found necessary. It is obvious, therefore, f
i

that an intending purchaser must have regard to the

completeness, or otherwise, of the gpecification of the!

drier contemplated.

(ii) variations in Ccapital Qutlay.

Published reports* indicate that capital expenﬁ—
iture on plant and equipment may range from £1,000 to
£2,000 and to a certain extent the variations may arise

from the choice of the drier itself. But these in-

(5 and 11) (6,7 and 12)

* vide, Roberts and Dixey



dividual differences in the prices of driers do not
raccount entirely for the different sums spent on grass |
drying installations. Available data indicate that 1
even where the same model of a drier has been seleéted,é
variations have occurred in the total capital expended
by different producers. These differences arise from
‘the varying needs of the individuals concerned and also;
from the initiative and judgement they display. This ?
is particularly applicable to field work. g

It will readily be appreciated that special ‘
Aifficulties attach to the collection of short, leafy
grass. To overcome those difficulties some producers
‘used home-made appliances, or ordinary horse-mowers.

It was more usual, however, to find that precautions
were taken to ensure uninterrupted work in the field.
‘Thus one report(v) records that on seven of the nine
farms surveyed, Cutlift combines were used. Moreover,
four of the farms used three trailers or bogles to
expedite the delivery of grass to the drier,

The Cutlift combine requires the use of a tractor,f
and where these are not already available as part of
the existing equipment of the farms, they will, of
course, have to be purchased and included in the com-
putation of capital required for grass drying plant and

equipment.

With a wide range of models available from which tp
select a drier, and faced at the outset with the %
decision as to whether or not special cutting and
collecting machinery is justified, the intending :

producer might naturally ask himself two questions.



Pirst, would he be justified in purchasing special fiéld 29

equipment and second, would it not be best and cheapest

in the long run to select a drier of sound coﬁstruction

[

and design, i.e. one of the more expensive models.

(iii) The Ccapital Cost of Field Equipment.

It seems desirable, therefore, to consider the
implications of a capital outlay on field equipment as |
regards production costs. It has already been noted
that in the Institute trials the capital required for
the purchase of field equipment included £150 for the
Cutlift combine and £210 for the tractor. With a
large seasonal output of dried grass, depreciation ;
in requct of these items would be inconsiderable.' 5
With a émall output, such as might be expected on a
moderate sized farm, the depreciation cost per ton
would, however,‘be'relatively heavy. Assuming, for

instance, a total output of 50 tons of dried grass per

season and a ten year life for the equipment, the
annual depreciation would amount to 14/64. per ton.

It is obvious that for small scale grass drying

operations some alternative method of cutting and
collecting the herbage is desirable. 5
In suggesting any such method it would be natﬁra1§
to rely, as far as possible, on motive power and equip;
ment already available on a normal farm. As regards |
motive power, horse labour is obviously to be preferred.
Horses are available on all farms, and the period.dfmu#
intense cutting (i.e. May to July) corresponds with the

normally slack season when horse labour might otherwise

be idle. Moreover, all farm workers are accustomed to



handle horses, while few are expert in handling |
tractors.. Conseguently, tractor breakdowns (which addi
seriously to running cdsts) would be entirely avoided. S
As regards cutting, an ordinary hay mower, which ?
is part of the equipment of every farm, is satisfactory;
it does in fact form one of the integral parts of the !
Ccutlift combine, Collecting presents, however,
special difficulties. In the 1937 trial at the 5
i
|

Institute a horse-mower and horse-rake were used during

part of the season, and it was found that this method i
of cutting and collecting was as cheap as the use of ?
the Cutlift combine. It was, however, undoubtedly ;
not so efficient as the lafter, since with the use of i
ﬁthe horse-rake (even when supplemented by manual r'akingJ
‘considerable quantities of the cut herbage were left

1
‘on the field. It would seem desirable that 1nformatioq

‘should be obtained regarding the magnitude of this loss|

of herbage. j
If the loss of herbage is found to be abnormally %
heavy, it is clear that some other means of collection i
will have to be devised. In designing any new plant
cheapness 1s essential, and in this connexion the
following three points might be taken into account:-
(1) that the assembly should be capable of being drawn .
by horse; (ii) that the assembly should, if possible,
be designed so that existing types of hay mower could
be readlly incorporated into it; or alternatively
(iii) that the cutting and collecting unite should be

designed as separate machines.
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By these means it should be possible to reduce | 531
very materially the capital cost of field equipment : '
required, and to render negligible the annual charge E
in respect of depreciation. }

(iv) The capital Cost of the Drier, ' ,

I

With regard to the selection of a drier from tﬁe
wide range of models available, it may be of advantageg
to consider the features which account for the high
prices of the dearer models. TFirst, it should be

remembered that at present driers are not being manu-

factured in large numbers#* and therefore their con- |
struction does not have the advantages which generally§

attend mass production. This generalisation applies,é

of course, to all driers. Second, driers differ in |

size and cspacity i.e. in the amount of wet herbage the
machine can handle each working hour, and the higher
cost of larger models naturally implies that increased

amounts of labour and materials have been used in

building such driers. Third, improvements in the
|

details of construction and design have raised the
. {

original cost of various driers. Fourth, many modelsé
have had incorporated into them various supplementary F
devices. ?
Although size naturally affects cost it would be ,
essential, however, to select a drier with a capacity
adequate to cope with the amount of herbage likely to

be available. If it were true that, for a given rated

output, the lower prices indicated machines of less
robust construction while the higher prices represented

equal value in better materials and soundness of con-

# This statement refers, of course, to pre-war
conditions.




struction, then the matter would resolve itself into
a question of relative length of working life; the
expensive, well built machine might outlive the

other, and justify the extra capital outlay. _ Such a
generalisation may not obtain in practicewithout regard
to other factors, and the prospective purchaser has to
consider not only the durability of the various
machines but also their simplicity of design and ease
of working.

Apart from the question of labour requirements, a

point which is dealt with in considering working costs,
the type of labour available for running the plant is
‘an important factor as regards length of working life.
Several cases have been brought to notice recently 9
:in this connexion; but one will serve to illustrate
-the point. Through failure to oil bearings properly
a drier of robust and sound construction was suddenly ;
thrown out of action and rendered idle during a
particularly busy period. The error was not one of
simple omission, for all operations were subject to

strict supervision; dust and dirt had choked the oil |

holes and no oil reached the bearings, which incid-
entally were accessible only by crawling into the

understructure of the machine. With linexpert

handling all machines, irrespective of their capital

value and however well they may be made, are at the

mercy of the workers charged with the task of operatingg

them. The selection of the workers is as important

as the choice of the drier.

4. Drier Efficiency in Relation to Cost.
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However desirable many of the special features

and supplementary devices may be, the question of éase;

of working and simplicity of operation has to be
considered in conjunction with that of cost and

efficiency.

|
i
|
|
1
|
i
!

j

The efficiency of a drier may be considered under !

two heads, mechanical and thermal. wWith regard to
the former, it has been found in practice that the

various mechanical devices which have been incorporated

while adding to the capital cost of the more elaborate |

driers, have failed to reduce their labour require-
ments below those of the simpler machines. Moreover,
it has been noted from practical trials that given
due care and the necessary experience satisfactory
results can be obtained without the use of such
supplementary devices, Two examples may be given,
viz. mechanical tedding and automatic stoking. with
careful feeding of the wet herbage in the one case,
and proper hand stoking in the other, comparable
results can be obtained without increased labour cost.
With regard to thermal efficiciency, engineering
tests®* conducted at the Institute on two different
~makes of endless-belt driers indicated that the heat
‘loss was appreciable, one of the driers investigated
having an overall efficiency of only about 50%,i.e.

roughly one-half of the heat supplied to the drier

% These tests were carried out by Dr A.W. Scott of the
Royal Technical College, Glasgow, working under the
Direction of Professor A.L. Mellanby.
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was utilised for evaporation, while the remaining half |

was ejected to the atmosphere in the air leaving the
drier or was lost through other causes.

5. Reductions in Capital Cost.

The opinion is generally held by makers of drying
plants that any reduction in capital cost can only be
‘achieved at the expense of efficiency, i.e. that for a
given rated output the efficiency of a drier will be
in direct proportion to its cost.#*

It will be instructive, therefore, to determine
how far efficiency might be sacrificed in order to
reduce the capital cost.

As already noted, one of the driers investigated
had a thermal efficiency of 50%. This drier cost
£625. Suppose that, by a reduction in the capital
cost of £375°, theefficiency were to be reduced to 33%.

i

i

!
i
i
)
!
[
i
|

This would involve an increase of 50% in the amount of

fuel used per ton of dried grass produced, and with an j
assumed season's output of 50 tons and a fuel cost of
20/~ per ton, would add £25 per year to the working
cost of production. In ten years (the term assumed
as a reasonable estimated working life for the drier)

the total increases in the working cost would amount

to £250, which is exactly the sum saved in capital /
. |

*# This statement is, of course, in any event only
partially true, since the quality of the materials
used in construction may vary, while differences in
. the principles underlying the design of individual |
plants will also affect efficiency.

° The significance of this figure'will become apparent
when considering the permissable outlay on a drier.
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in cepital expenditurex*, On this basis, therefore,
any saving in capital expenditure would be exactly

counterbalanced by the increased working cost of ;
production. There would, however, be two advantages. |
The first (which would, indeed, be a material one) would
be that the farmer would not need to make such a large ‘

‘initial investment of caplital in the purchase of a

drier; so that in the event of unforeseen difficulties?

or of new developments in grass drying technique, he
would not stand to lose such a large capital sum. The %
second would be that the annual charge for depreciation§
on his drier would fall from 25/- to 15/- a ton on his ;
assumed seasonal output of 50 tons. i
It is clear, however, that if a reduction in the
cost of depreciation is to be achieved without an ’
equivalent rise in the cost of production of the dried E
grass, the capital cost of the drier would have to be ;

reduced without any substantial decrease in efficiency.§

In other words, the problem of the designer must
be to reduce capital cost without sacrificing efficiencﬁ.
Although this will obviously not be easy, it may be
noted that drier designs have so far been based largely:
on the principle of 'trial and error'; and it seeﬁs :
probable that the carefully planned investigations
initiated by the Agricultural kesearch Council, some
results of which were recently published by Scott(15)+

% ji.e. £526 minus £375. _
° Por example, difficulties between landlord and tenant.

+ Temperature Effects in Grass Drying: These invest-
igations were carried out in the Department of
Mechanical Engineering of the Royal Technical College,
Glasgow, under the direction of Professor William Kerr.
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may well afford a sounder basis for the guidance of

future designers of drying plant. .

6. Recovery of Capital Qutlay. ‘
Apart from any consideration of the extent to ’
which the capital expended would be profitably employedL
it 1is natural to consider the gquestion of recovery of
;the capital involved. The prgdent farmer would wish |
to set aside yearly such a sum ag would repay his
capital expenditure at the end of the economic life of
the drying plant, i.e. he would have to make adequate

provigsion for depreciation.

(i) The Nature of Depreciation.

In determining the charge to be made in respect of
. depreciation, two factors are generally taken into |
account, namely wear-and-tear and obsolescence. As
regards wear-and-tear, the very nature of the grass

drying process, viz. driving off moisture, suggests

rust and deterioration and a relatively short working

term for all grass drying plant. The usage to which
a grass drier is subjected is not conducive to a long
life; the machine has to handle a product of high
moisture content, it is frequently housed in a :
position in which it is subjected to adverse weather
conditions, and it is usually operated by farm hands §
who are unskilled in the care of mechanical equipment.i
Wwith most novel operatione obsolescence is nonmﬂlj
a factor of some importance, since any substantial ;
improvements in the design of plant tend to render |

existing types obsolete. Although development is

still in its early stages such a consideration does



not apply to grass drying for two reasons; first, the

process is at present non-competative and second,
practical considerations in any event dictate a
relatively short life and so minimise the risk of

obsolescence.

(1i) The Basis for Calculating Depreciation.

In determining the amounts to be provided each
year as depreciation, a term of years has to be
‘estimated for each item of plant and equipment.
Although a great deal of practical information is not
avallable regarding the rates of deterioration likely
to be experienced, the term of years selected for most
of the items can be based on practical considerations.
The annual rates of depreciation selected for the
Institute costings (lsiitedd) show, for example, that
while the estimated life of the storage shed was fixed
at 20 years, that of the drier used was taken as 5
years. For costing pufposes, therefore, depreciation
was charged at 5% per annum for the storage shed and
at 20% per annum for the drier, irrespective of the
output obtained during the season. This Fixed
Instalment method is only one of the several that
could equally well hasve been adopted, but it has the
merit of simplicity and ensures the return of the full
capital outlay at the expiry of the period selected as
the estimated working life of the plant. It is
obvious, however, that where the total seasonal output
is exceptionally low, the charge for depreciation on
this basis 1s bound to be extremely heavy.

An alternative method which has been used in



estimating depreciation is to assume that during the
total life of the drier a given tonnage of grass can
be produced, and to charge depreciation in strict
proportion to the amount actually dealt with in the
particular year under reviews, While this method
avoids the exceptionally heavy charges which would
:otherwise have to be met where the season's output is
small, it may lead to very erroneous estimates of the
-working life of the drier. In one instance, for
example, where the drier and baler cost £850 and the
season's output was only 30 tons, the depreciation
charged was 18/6d. a ton. The sum thus provided
(£27:15; 0) would imply a wdrking life of over 30 years'
if the seasonal output remained at the same low level.

(iii) seasonal Qutput.

The above difficulties do not arise where the

‘season's output is a large one. It was almost

i
inevitable that the first driers manufactured should |

have been taken by estate owners and large farmers with;
a considerable acreage of available grassland. Although{

the original conception of grass drying requires that j
the pastures be cut either continuously or at close %
intervals, there are numerous instances of grass on 5
large farms and estates having been cut only.once in
the season. It is very doubtful if such a practice

affords a true picture of grass drying as applicable

to the average farmer. v |

One of the primary objects of the process is to
provide the farmer working an average sized farm with

a means of conserving his own surplus grass for winter

* See e.g. the reports by Dixey and Colleagues(6 and VSL



feeding, and if this object is to be achieved a total

seasonal production of not more than, say, 50 tons

i
i

muet be anticipated on many farms. with such tonnage,f

depreciation would be an item of great importance and

every effort would have to be made to reduce it.

One

method, the reduction of the capital cost, has already é

been discussed. A second would be to prolong its

working life.

7. Prolonging the Life of the Drier.

This is a matter to which it would seem that

makers

of grass drying plants should devote far more

attention. while it is outwith the scope of this

report to discuss in detail the design of grass driers, |

the foliowing general suggestions may be put forward:;-

(1)

(i1)

It is desirable to take special precautions
to protect the drier from deterioration
through rust and decay. This applies not
only to rusting from moisture contained in
the wet grass, but also to exposure from
adverse weather conditions especially during
the winter period when the plant is idle.
The precautions taken should, therefore,

not be limited merely to the protection of
the exposed metal surfaces by such means as
painting or sherardising, but should include
the provision of adequate shelter from rain
and damp.

It is also desirable that the design of the
drier should be sufficiently simple and the
construction sufficiently robust to give
satisfactory use when (as is generally in-
evitable) the running, care and maintenance
of the plant are in the hands of ordinary
farm workers, a class not normally skilled
in mechanical work.

If these precautions were taken the working life

of the drier could be considerably extended and the

depreciation charge would be proportionately reduced.

In such circumstances a ten-year 1life, equivalent to
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depreciation at the rate of 10% per annum, would not
appear unreasonable. Similar considerations, of
course, will apply to other items of mechanical equip—;
ment required in-.connexion with grass drying.

8. Permissable Qutlay on the Average Farm.

Even if the annual charge in respect of deprec-
iation can be reduced to 107, this item will still
form a substantial part of the total cost of production
of the dried grass, particularly where the season's |
output is low. It has already been suggested that on:
a moderate sized farm the season's total output would |
probably not exceed, say, 50 tons. It will be of
interest, therefore, to determine the amount of i
capital expenditure permissible on a season's output
of 50 tons. The following Table shows the relation
between depreciation cost per ton, and the capital

expenditure on a season's output of 50 tons. {
i

Depreciation Annusl depreciation Capital expend-’
cost per ton on an output of 50 iture permissalie
tons per season to recover out-:

lay in 10 yeargj

In a recent report Roberts

surplus on producing dried grass at 3/4d. per ton

10/- £25: -3 - £250
12/64. 31l: 5: - 310
15/~ 37:10: - 375 j
17/64. 43:15;: - 437
20/~ - B03 =3 - 500 f
30/- 751 -1 - 750 |
40/~ 100s =-: - 1000

|

(11) | calculated the
|

(after making provision for depreciation) so that
where profits are made they may be of a modest order.

Even under the most favourable conditions of pro-
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duction the margin between the working costs and the
realisation (or feeding) value might not exceed, say
25/~ per ton¥ a figure which would have to cover
depreciation, interest on capital, and profit. It
would seem doubtful, therefore, whether the process
could bear a depreciation charge exceeding 15/- to
17/6d. per ton, corresponding to a caplital expenditure
of between £375 and £437 i.e. a sum which represents
only a fraction of the capital expenditure involved in
the average grass drying installation. This sum
would, moreover, have to cover the cost of purchase of |
field equipment as well as of the drier itself. ;
Taking the drier alone, it would hardly seem justifiablé
to allow more than the former figure, i.e., £3756, a sum 5
which Would have to include the complete cost of both %
|

purchase and installation. j

The above sum is probably within the means of the

average farmer, but it is very much less than the cost

of most driers of proved performance which are at

present on the market.

Even assuming that the outlay on field equipment
was restricted to a minimum and successful results
obtained with horse mowers, the present cost of driers é
precludes the possibility of their general application i
to the average-sized dairy farm. If, as has already .

been noted, the capital cost of driers can be reduced
to a figure around £400 without any substantial

* Dried grass has, of course, a certain novelty value
which tends to give it a higher price than is
justified on the basis of its feeding value.
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decrease in efficiency, the position will be radically |

altered, and the process should again demand universal

consideration. | i

9. The Scale of QOperations.

The foregoing considerations indicate that the .
igrass drying process if at present'uneconomic if con-
~ducted on a small scale, e.g. with an envisaged |
- seasonal output of the order of only 60 fons. The
. question immediately arises as to what scale of
‘operations would ensure a reasonable prospect of
financial success. This will obviously depend on
the total depreciation provision required annually and
.the working surplus per ton of final product. The
term 'total depreciation provision' is used to describe
gthe annual sum which must be set aside to reimburse
?the producer for the capital involved. This will
éinclude, in additipn to depreciation, interest on
capital expenditure, and may also include interest on
.any additional working capital provided.

with regard to interest on capital it may be noted
that in a number of published costings no charge has
been made in this respect. But if a farmer has to
borrow £1,500 to purchase a grass drying installation,
- the interest he has to pay forms an addition to the

costs. Even if he is able to finance the venture

- from his own resources, and expects to recover his
outlay from such profits as he may make, an appropriate
figure for interest should be included. I, as

appears equitable, a charge of, say 5% is made, the sum
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world at the outset® amount to £75 per annum.

4 Turtheér point relates to the additional working
capital which would re required to finance a season's
Hrying operations. As much as £1;OOO may be expended
in fertilisers, wages, fuel, electricity and power and
ﬁags in the season, and even where such an outlay is
?1t1mately recovered with a profit, it should be
pcmembered that the dried grass is being produced
&hronghout the spring, summer and autumn and in many

cases stored on the farm for use during the ensuing

vinter months. There will, of course, be a compen-

gatory recduction in feeding bills during these months,
but some adjustment in the finances of the farm would
" obviously be necessary at the outset. The point 1is
hot without practical importance. |
| If the sum of £1,500 is assumed as a represent-
%tive figure for the capital cost of a medium sized
drier installation, the amount to be provided
annua11y°, assuming a five-year life for the drier,
would be £225 for depreciation and £75 as interest on
capital (excluding working capital), i.e. a total
nrovision of £3CO0. '

Reference has already been made to the report'by

Eoberts(ll)

concerning the modest order of profits per
ton of dried grass which have been obtained. Until
fdefinite information 1s avallable as to the margin of

working profit which may reasonably be assumed under

* In subseguent years interest would, of course, be ;
calculated on the written Jdown (or ”@u1e01ated) value.

° vide Appendix I for a detailed calculation of de-

l
. . . . . |
preciation on the various items of plant and equipment.

l

|
i
|
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average working conditions, it is not possible to
state any representative figure. Some idea of the
seasonal output of dried grass necessary to meet the
above charges may be obtained by selecting arbitarily
a few figures each representing a theoretical working
surplus per ton of dried grass i.e. the sale price

(or farm value) less total working costs.

Working Surplus Total Tonnage seasonal
(per ton) Provision output required
‘ 30/~ £300 200
20/~ 300 300
15/~ 300 400
10/~ 300 600

These figures indicate clearly that a very large
seasonal putput is necessary if full provision is to be

made for the recovery of the capital outlay by an

‘ i
adequate annual charge for depreciation and interest on

Lcapital. The acreage of grassland to be devoted to

drying and the general scale of operations would involvqﬁ

the farmer in a commercial venture of some magnitude 1n’

relation to his normal farming operations*. Under

such conditions the_process could hardly be conducted‘ |
as an integral part of the farm routine.

10. Working Profit.

The foregoing conclusion rests on the assumption !

that, apart from any special advantages that the

* This fact emphasises the desirability of ensuring
that during the war period the ploughing-up campalgn
does not interfere with the acreage of grassland
necessary to supply the needs of the very limited
number of drying plants at present available- in
Great Britain. It is understood that the Minlstry of
Acgriculture have taken steps in this matter in
regard to drying plants located in England and Wales.
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producer may possess¥*, the order bf working profit '
disclosed in the published reports remains at the same
level. There are undoubtedly features at various .
stages of the process® which indicate that serious
difficulties may easlily be encountered which would
cause appreciable financial losses, for the opinion

;is generally held that grass drying calls for a

considerable amount of initiative and forethought.

Even assuming that no special difficulties are en-

countered it is extremely doubtful if there are sufficient
opportunities at any stage of the process for apprec- |
iable economies in production costs.

Various methods of increasing the working profit
have been tried, viz. restricting the expenditure on
fertilisers, adopting the practice of field-wilting,
and the employment of cheap labour. It seems
%desirable, therefore, to proceed to an examination of
ithe practicél aspects of the grass drying problem, and
fhis is undertaken in the following pages by discussing

under separate heads the various stages of the process.

* e, g. before the present war grass drying at aero-

© dromes not only possessed the advantages of large
scale production, but had the additional benefits of
rent-free land and payment for cutting and removing
the grass.

° Several are outwith the control of the producer, e.g.
drought.
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II, THE PRODUCTION OF THE WET HERBAGE.

1. The Trend in Grass Production.

Grass drying was originally visualised as
;applicable to all farms, including the average sized
‘holding on which only a moderate acreage of grassland
Edould be reserved for the process. With adequate
?manuring and regular cutting, good land was considered
?to be capable of producing young, leafy herbage at the
}rate of about 3 tons oﬁ dry matter per acre#, and from
Esuch raw material dried grass of high quality, i.e.
containing over 20% crude protein®, could be conserved
for winter use by artificial drying.

Since the process was introduced into actual
farming practice there have been noticeable deviations
jfrom the original conception, The'following
jobservations, made from a study of reports on grass
sdrying at various centres in this country, indicate the
trend as regards production of the wet herbage.

First, the land selected has generally been
second quality graésland previously used as permanent
pastures and ordinary meadows. For example; one
report(G), embracing the experience on five farms using
over 600 acres for grass drying, records that little
of the land used was of first quality, three of the

farms commanding rents of 15/-, or less, %er acre,

% In his 1928 estimate Duckham(s) included a figure of
31 tons, while a Committee of the Agricultural
Research Council, reporting in 1935, based their
estimate on a yield of 3 tons dry matter per acre.

° Duckham(a) notes that in preliminary experimental
work dried sports field clippings were made into
grass cake containing 24.,58% crude protein; he also
noted that & typical Woodman figure for young grass
(early June, 1926) was 22.687.




Second, the selection of such second quality grass}
|

land has often been associated with the omission of
jpreliminary mechanical treatment to clear the fields
of foggage, necessary cultivations and adequate
manuring. This resulted in conditions unsuitable

jfor the production of herbage of satiéfactory quality,
‘and the feeding value of the final product has
%ine&itably suffered.

! Third, production of the wet herbage has been
jextensive rather than intensive, i.e. the majority of
dried grass producers have relied on a relatively large
acreage from which to obtain the necessary gquantity of
raw material for the drier. But without cultivations
and adequate manuring, even producers with extensive
jacreages have found themselves short of raw material at
écertain periods and have thus been unable to operate
the driers over the full period which comprises the
grass drying season.

Pourth, owing to seasonal variations in the rate
of growth, almost all producers have failed ﬁo achieve
complete utilisation of the wet herbage produced on
the fields reservéd. Consequently; they have Eeen
unable to adhere to a figid programme of regular
cutting, and the initial quality of the herbage used
has been markedly low. .

It is a precept of grass drying that a satis-
factory standard will only be obtained in the final
product if the initial quality of the herbage is good.
The selection of suitable pastures and their proper

managemént for grass drying is therefore a matter of

!
i
_,E
t

}
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‘adequate yield of good quality herbage are as follows¥*.

'needs lime to ensure that the soil is not sour; and
fmanures to maintain or improve the fertility of the
gland, and also to control in some measure the seasonal |
;rate of groﬁth. Third, it requires cultivation, e.g.
‘rolling and harrowing, to maintain the condition of the
sward. Fourth, the botanical composition of the
lherbage should be such as will not deteriorate markedly

‘ags the-result of repeated cutting.

producer relates to the acreage he should set aside to

’supply the raw material needs of the drier. His

‘extremes of intensi#e production from a limited acreage
of good grassland and exﬁgnsive production from a

Erelatively large acreage of second quality land.

First, the land must be suitable; grass, like any

other crop, must have proper surroundings, i.e. suffi-

prime importance.

In brief, the conditions necessary to ensure an

cient depth of soil and enough water. Second, it

2. The Influence of Type of Grassland.

One of the first practical points confronting a

calculations will be based on the acreage yield
estimated to be obteinable, and this will depend not
only on the quality of the land, but on the culti-
vations contemplated and the manurial policy to be

adopted. variations are possible between the two

*+ Ror a more detailed account see "Manuring for Higher
Crop Production" by Sir John Russell (24) p.66.
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Available costings contain a range of figures

vfrom 7/6d. to 40/= per acre for rent=s. It is not
possible, however, to ascertain the type of land which
‘would give the most economic return; the question is |
‘complicated by divergent views as to the best policy
fwith regard to cultivations and manures, and super-
gimposed on the costs so obtained are the financial

iresults of failure to overcome many practicel diffi-

fculties assoclated with grass production and utilisation.

It is inadvisable to spend too much on manuring
fgrassland unless there is reasonable likellhood of
»effecting sufficient improvement to pay the cost.
Fortunately, as Sir John Russe11(24) observes, large‘
fare&s of grass which are ﬁow very poor can be consider-
iably improved with profit to the farmer and benefit to
gthe country. And it is also true that considerable
areas even of good grassland can be made to produce
larger yields of herbage by suitable manuring and
cultivations.

Where producfion costs (rent, cultivations and
manures ) vary, the economic value of different qualities
of land may be compared on the basis of the relative
yield of nutrients. Dixey and‘Butler(lz) determined
the average costs per 1lb. of crude protein in grass
dried on five farms in 1938 and noted that the lower !

grades often cost as much as, or even more than, the

* e,g. see Dixey & Askew(67 p.17; rents ranged from
7/6d. to 30/- per acre. The land owned by the
Institute, which conformed in most respects to the
requirements stated by the Agricultural Reseaech
Council in their 1935 Report(4), was valued at 40/-
an acre.
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higher grades. In one case, for example, a reduction
of 60% in cost per. ton of grass actually constituted
~a 15% increase in cost on the basis of relative

:nutrient content®. It should not be assumed, there-

fore that increased expenditure on the production of

the raw material will necessarily result in high pro-

-duction costs.

.

| it has been observed that the quality of herbage
;cut from first quality land has often been no better
than that from poor pastures. Dixey(G) states, for
‘instance, in his 1936 Report that there did not appear
to be any noticeable difference between protein
analyses of dried grass from second guality pastures
‘and from more valuable grassland. Many producers
"have accordingly been led to assume that there was no
‘advantage to be derived from utilising good grassland
and, further, that no commensurate return for expend-
iture on special cultivations was likely to be obtained
Such an assumption is erroneous.- The cultivation of
good grassland will ensure an abundant supply of leafy
young herbage. While the quality of such young.
material is high, there is, however, a rapid fall in
the crude protein content as growth proceeds. This
-feature accounts for the apparent similarity in the
1results obtained on different qualities of land. The
-? See Dixey & Butler(12) p.49. The highest raw
material production cost (33/54. per ton) was equiv-
alent to 4.01d. per 1b. of crude protein; the

lowest (12/94. per ton) was equivalent to 4.60d4.
per 1b.




practical implication, as will be shown later#®, is
that the herbage should be cut at the proper stage of
growth, i.e. when in full leaf.

3. The Influence of Climate.

(i) Effect on Yield.

The dried grass producer who farms on good ’
iland has an initial advantage, but temperature, rain-
:fall and humidity, which are outwith his control, |
lexert a dominating influence on the yield of herbage., |
‘These factors are inter-related. Gustafson(zs) notes
that leaf and air temperatures, and the relative
humidity, influence the water requirement® of plants.

The producer has, of course, no control over temper-

‘ature and humidity, but he can further the retention of

'an optimum moisture content in the soil, especially

‘during summer, by setting the cutter bar to leave about

2" of grass on the field. This will be sufficient to

cover the soil interspaces and thus retard undue soil
evaporation. ‘

Roberts(s), who has had unique opportunities of
studying grass drying in all its aspects, notes that
the yield of grass is affected mofe by weather than by
any other condition. It may be of interest, thereforej
to consider the extremes, viz. drought and adéquate

rainfall.

The effect of drought on yield is serious. Dixeyaz)

records that "in the early part of the 1938 season the |
‘ |

i

* See Chapter III.

° The number of 1lb. of water required by piants for the
production of 1 1b. dry matter is termed the unit
water requirement.
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rainfall was only 32% of the average, and a drought of.f 5:}
such severity meant that there was no grass to speak ofg
at the very time of the year when it is most valuable. ;
‘Many driers stood idle when they should have been ;
hardest at work". {
The improved results during a season of adequate

(19), noting

irainfall ére particularly marked, Gardner
;the dominant effect of rainfall on yields of grass in
EHertfordshire, found the dry matter yield from monthly
écuts in the wet season of 1930 to be 80% more than in
‘the dry summer of the previous year, In plot experi-
ments at Cambridge, Woodman(zo) dbtained a yleld of A
90% more dry matter from monthly cuts in 1930 thaﬁ in
;1929.

| There is, however, a further factor which must be
jtaken into account when considering the results of a
‘favourable season when good growth has been experienced,

i.e. the moisture content of the wet herbage.

(ii) Effect on Moisture Content.

Apart from surface moisture as a result of
rain or dew, the proportion of inherent moisture in
young grass is usually about 80%, i.e. the dry matter
-content is normally one-fifth of the total weight of
the wet herbage. Under conditions of drought, however,

the moisture content may fall to about 657%. In wet

weather or after a heavy dew it is not uncommon to find
the moisture content as high as 90%, i.e. the herbage

will contain only half the normal proportion of dry
matter. conditions not only vary from season to

season but from day to day. Moreover, the moisture
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‘content may vary considerably during one day's‘cutting;fr

‘the following figures illustrate such variations.

Moisture Content in 1935.
(successive batches on the same day)

Batch No. Moisture Content 4.
1 88,9*
2 84.4
3 82.2
4 82.9
5 80,2

These variations in the moisture content of grass
have significant results. In the 1935 Institute trial

the average moisture content of the herbage was 82%,

‘'while in 1936 the figure rose to 85%. Such an increase
‘may not seem important, but in actual practice it
éresults in a very appreciable difference in working
.costs. To produce one ton of dried grass, 6 toﬁs of
jwet herbage were required in 1936 compared with only

5 tons in the previous season, i.e. 207 more raw

material was necessary for the same output of dry

matter. Attempts have been made to dispose of such
excess moisture in the herbage by field wilting, a
practice which has both advantages and disadvantages®.

(i1i) Seasonal Variations in the Rate of Growth.

Complete utilisation by artificial drying of
all the herbage produced on fields specially reserved

1for the grass drying process has seldom been achieved

> Peculiarly enough, the maximum moisture content of
about 897 was encountered not on a wet day, but in
the first cut on a bright day with a heavy dew.

® This question is dlscussed at a later stage.
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zrapid rate of growth of herbage in the spring is one
rof the most important features of grass drying. As an,
iexample it will be instructive to examine the Institute's
51937 output of grass month by month.
?trated in the attached histogram, which shows the

?weights of dried herbage produced during successive
3teh—day periods throughout the season from the four
:fields‘used in the trial.

‘'month is summarised in the following table:-

i

‘remarkable extent to which the spring flush contributes

‘herbage was produced during May, and it is significant

zperiod, it was still found necessary to make some 20

in practice, chiefly because of seasonal variations in :

the rate of growth.

The extreme difficulty of keeping pace with the

Monthly Output of Dried Herbage - 1937.

The total output for each

This is illus-

Percentage of

Month Thousands of pounds
of Dried Herbage

April 6.5

May 137.9

June 26.2

July 3l.2

August 38.2

September 6.4%
246,4

season's output.

2.6
56,9
10.6
12,7
16.6

2.6
1000

e — - — ]

The histogram and table both show clearly the

to the total seasonal output. Practically 60% of the

that although two driers were available duriné this

* One cut only; the trial had to be stopped prematurely

for financial reasons.

|

!
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tons (45,000 1b.) of hay from two of the fields. The

.low output in June and early July was probably due to

"the hard usage of the herbége through unchecked growth

?in May, while the increasing yield at the end of July

'and in August wag presumgbly assoclated partly with

normal recovery of the herbage and partly with the
early autumn flush.

The very striking figures for May suggest two

ipoints of practical interest. Pirst, there is an

‘urgent need for the construction of grass driers which

:have a sufficiently elastic capacity to _cope with the

-spring flush and at the same time to enable grass to

'be dried economically during the less productive

:periods of the season®. Second, it is clear from the

ifigures that the prudent farmer should, as a precaut-

~ionary measure, make provision for the conservation of

fpart of the herbage by an alternative method such as

~ensiling, so that if the flush is unexpectedly heavy

(for example as a result of exceptionally favourable
weather conditions), or if there are unforeseen break-

downs in cutting or drying machinery, he will be able

. to conserve the valuable young herbage by a process

"less wasteful as regards both quantity and quality of

“the product than haymaking.

For reasons of practical expediency, however, -

“the majority of producers, unprepared for silage

'meking, have in the past had to turn to haymaking, ‘and

on occasion to grazing, as alternative methods of

° An alternative is to utilise the drier for other

crops during the winter period. The subject is
briefly discussed by Roberts (11) who deals with the
artificial drying of roots, vegetables and sugar
beet tops at home and abroad.
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utilising such grass as could not be dealt with by the

" driers. Haymaking, although wasteful and yielding

a product inferior to both dried grass and silage*®, is

‘'a method of conservation for winter feeding. Grazing, |
fon the other hand, while undoubtedly & more economic

Emethod of dealing with the surplus grass, affords a

gmeans of utilisation during the grass production

ﬁseason only. Where the herbage has been conserved in

{the form of stack silage, the loss of material has in
many cases proved considerable. It may have been felt
- by grass drying pioneers that any substantial |
expenditure on permanent silos, if conﬁemplated only as
a precautionéry measufe, would not have been Justified.
‘It is pertinent to observe, however, that the con-
Tstruction of light portable containers does afford a
practical means of conserving surplus grass in a form
1which, though not easily transportable, nevertheless
;makes available for the farmer a feeding-stuff of high

value for winter use, and thus achieves a further

degree of seif sufficiency on the farm.

4. The influence of Manurial Treatment.

O0f the factors within the control of the farmer,

manurial treatment has probably the greatest effect on

the yield of herbage. Where pastures are good and the
better grasses such as perennisl rye-grass and cocks- !
foot predominate, manures are needed to maintain the J

| |

quality of the sward. Indeed, Stapledon(15) states

|
* The carotene content of young grass is only slightly f
lowered by the processes of artificial drying and of |
ensilage by modern methods. In the making of hay |
much of the carotene is destroyed during the process |
of field-curing.
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“that from the ﬁoint of view of botanical balance, the
;most productive grasses make the heaviest calls on
éfertility. Further evidence regarding the desirability
of manuring is submitted by Woodman(l) who states that
Ethe use of suitable fertilisers ensures density of
'herbage and vigour of growth, and enables any handicap
arising from inferior hotanical composition of the
pasture to be overcome. A large number of manurial

;
|experiments and plot trials#* have been undertaken in

gvarious parts of the country. The results show that
?substantial increases may be obtained in the &ield of
Edry matter per acre from well manured plots cut at
‘frequent intervals, i.e. under conditions of cutting
jsimilar to those that would obtain in grass drying;
%and they also indicate that with adequate manuring the
Eproductive capacity of the pastures can be maintained
‘gat a high level over a period of years. It may be of
:interest, therefore, to ascertain to what extent
manures have been applied to grassland used for grass
drying.
(1) Lime.

Few instances are recorded of lime having been
%applied to grassland used in connexion with artificial
drying. Stapledon(ls) has enumerated the reasons
gwhich have conspired to discourage the use of lime on

%grassland in recent years. The chief of these have

'# Plot Trials at the Institute (the results of which
are discussed in Appendix HII) were initiated in 1932
as a preliminary to grass drying on a practical scale
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been (i) the expense; (ii) the excellent results
~produced by slag; (iii) the negative results after
liming hay fields which have been continuously manured
w1th dung; (iv) the depressing influence on yield for

fvarying periods after liming; and (v) the decrease in

;the influence of ground rock phosphate for a number of |

Eyears, when applied with lime. Although noting these
fobjections to the use of lime, Stapledon states that
“insufficient weight has been attached to the influence
'of the actual methods of applying lime, and to certain
virtues inherent in a properly limed sward. -~ He con-
cludes that under any intensive method of grassland
farming lime is an absolute necessity.

The expenditure in remedying completely a lime

i

}deficiency may be considerable. In a recent public-

1
|

Iation, however, Sir Frederick Keeble(1 ) pointed out
‘that there was an increasing mass of evidence to show
;that applications of lime much lighter than those
?required-to remedy lime deficiency completely are of
immediate and great benefit.

' With regard to the amount necessary for grass-

(14) states that a dressing of 1 cwt.

:land, Cheveley
:burnt lime per acre would amply replace the amount of
lime removed in the dried grass during a season's.
drying. Again, Woodman and Underwbod(lv) have
estimated that it would have taken 30 seasons of

monthly cuts to exhaust a dressing of 2 tons of lime-

stone to the acre, assuming none to be lost in drainage

It is clear, therefore, that only a moderate amount is

necessary for the replacement of lime removed by the

b
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‘'where dressings were given, the expenditure may have
'been included under the general heading of fertilisers.
éLiming was carried out during the Institute triale;
?one field was limed in 1935 and two in 1956 the

‘acrsage treated in each year being roughly 40% of the

.previous liming necessitated a small charge, The

'overall average for the three seasons was 1/2d. per

-plant food as for its chemical action in neutralising
iacidity, and for its stimulating effect. On many

gsour solls the dégree of acidity may be such that the

i
!
|
1

éprove no substitute for adequate direct liming,
%particularly as the lime requirements of different

‘types of soil vary appreciably.

jtaken in 1937 but unexhausted values in respect of

-other manure is applied to the meadowé. It is also

young grass.

Lime is, however, important, not so much as a

use of compound fertilisers primarily applied to supply

nitrogen or potash may, in resPect of their CaQ content

There are no separate references to the cost of

liming in the published reports available, although

grassland reserved for drying. No liming was under-

ton of dried grass.

(11) Férmzard Manure.

FParmyard manure is a recognised means of

producing heavy hay crops; 1indeed, on many farms no

an admirable manure for the improvement of poor and
outrun pastures. Its physical action needs no
emphasls, and this property is shown by rich and poor

manures slike. The decaying straw opens up heavy

y
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to light soils, as well as adding to their store of
humus. In addition, dung provides in relatively
'small proportione various nutrients necessary for

'plant growth. By virtue of the large dressings

'is to conserve the rather fugitive manurial constit-

undoubtedly appreciable losses, as much of the potash
and nearly all the active nitrogen are derived from
‘the urine, and where special precautions are not taken

‘to retain them, only a proportion is absorbed by the

, farmyard manure contains valuable nutrients, some of
"which are immediately available in active form. Much
~down by soil bacteria into soluble forms.

;farmyard manure are therefore not immediate; the

'dressings are considered to be exhausted over a period

successive seasons. Thus residual values#® have to be

soils, and gives greater drought-resisting properties

usually given per acre, however, these nutrients assume
a role which is not without significance in regard to
the complete manurial requirements of grassland.

In regard to the amount of nutrients, the problem

uents of the excreta voided by the animals.  There are

litter. When properly made and stored, well-rotted

of the nitrogen is, however, present in organic

compounds, and is only available when ultimately broken

The full benefits derived from the application of

of years, and certain proportions are prescribed for

included in respect of unexhausted dung. In deter-

mining coste, regard should be had, therefore, to the

past manurial treatment of fields selected forﬁgrass

* See "The Residual Values of Feeding Stuffs and
Fertilisers (18).



drying.

As an indication of its manurial value, it may be

noted that a dressing of 10 tons per acre would supply

as much nitrogen as in 6 cwt. nitro chalk (or 5 cwt.
sulphate of ammonia); as much potash as in 3 cwt. of
30% potash salts (or 2 cwt. sulphate of potash); and
as much phosphoric acid as in 3 cwt. superphosphate of
lime®. Such a consideration affords a comprehensive
view of the value of farmyard manure, and similar
remarks apply to dung voided directly on to land by

stock. The undoubted benefits have, however, to be

considered in relation to expenditure.

Where liberal dressings of farmyard manure are
applied there will be an appreciable addition to the
cost of producing the wet herbage. There are no
details of dung costs in published reports, but as an
indication of a representative figure the Institute's
1936 trial may be cited. The expenditure on an
initial dressing of 11 tons per acre (including
carting and spreading) was 28/- per ton of dried grass.
Adopting the usual basis of costing, only one half,
viz. 14/- per ton of dried grass, was chargeable to
the season in question®.

Such a sum would constitute an important item in

the final costs. It is not surprising, therefore, to

find that where low production costs have been aimed

|
i
!
|

° This assumes a policy of continuous dunging. The
initial dressing only makes available for the season
of application one-half of these amounts.

|
# A policy of continuous dunging at the same rate

would, from the fourth year onwards, entail a charge
in the costs equal to the actual expenditure, i.e.
the cost would be one-half of the expenditure on the:
current application plus a like amount as un- i
exhausted manurial values from the three previous
vears.
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at, the application of farmyard manure has been
generally omitted in grass drying practice. In any
grass drying project regard should therefore be had to
the sufficiency or otherwise of the complete manurial
%programme. B

. (i1i) Artificial Fertilisers.

i The ultimate criterion of the productive
icapacity of grassland cannot, however, be assessed
1merely on the amount of nutrients obtained per acre;

;any acceptable standard of grassland management must

?have due regard to the maintenancerf soll fertility.

In considering the requirements of grassland either for
%farmyard manure or for artificials, attention must
itherefore bé paid to the adequacy of the treatment to.
make good the loss of soil nutrients in the herbage.

§ It will be appreciated that the quality of the
%herbage used for artificial. drying is essentially
%different f;om that used for haymaking. It is, in

fact, a sine gud non of grass drying that the raw

material should be cut at the short, leafy stage, in
Zontrast with the grass for haymaking which is long
;and stemmy. Some idea of the cumulative effect of the
étw0'factors involved, viz. the quantity and quality of
énutrients removed, may be obtained from the following
étable which shows the comparative amounts of nitrogen,
ipotash, phosphate and lime calculated to be removed
Efrom an acre of ordinary grassland when cut for hay

and dried grass respectively. The nutrients available
from a level application of 10 tons of farmyard manure

(assuming a policy of continuous dunging) are also
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given, in order to afford a basis for discussion as to
the balance of nutrients which ought to be applied in
:the form of artificial fertilisers.

; Comparative Amounts of Nutrients Removed

from one acre of Grassland when cut for
Hay and Dried Grass.

| Removed

i Average

1 Crop dry matter

| yield N K20 Poog Cal

cwt, 1b. 1b. 1b. 1b.

Meadow Hay 30 - b4 54 14 34
Dried Grass 60 188 202 54 67

Applied

' Tarmyard Manure:
10 tons (continuous ‘
Policy) 112 112 56 358

‘Por Dried Grass

Balance 76 90 - -

The figures show that, compared with haymaking, the

:more intensive production of young grass for artificial

'drzing withdraws four times the phosphoric acid, over

three times the nitrogen and potash and twice the lime;

‘they also indicate the extent of the contribution which|

in the absence of fertillisers, can be expected from
farmyard manure.

In regard to the balance of nitrogen required, a
vdressing of say, 6 cwt. of nitro chalk per acre is
!indicated. It is important to note, however, that the
%quantity of nitrogenous fertilisers to be applied should
‘be determined not merely with reference to the total
yield of herbage envisaged, but that the frequency and

amount of the dressings should be specially designed

|
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to overcome one of the most serious practical diffi-

S W

culties, viz. seasonal variations in growth.

The attempt to control the amount of herbage avail%

: |
able throughout the season has a two-fold object. %

Pirst, it aims at levelling out these normal variations
iin seasonal growth. Little success has attended such |
efforts, and the opinion is generally held that with a

i

limited acreage it is not feasible to obtain reasonably

level quantities of herbage throughout the season. Wﬂh
ﬁack of adequate rainfall, for example, there may be
.Einsufficient grass in the summer months in spite of a
sufficiency of nitrogen; indeed, the onset of warm d4dry
Weather following applicatione of nitrogenous fertiliserg
hay actually result in severe 'scorching of the sward'.
Second,.the application of nitrogen may be made in
brder to obtain additional 'bites' from the grassland,
&iz. an early 'bite' before growth hormally begins,

ﬁnd a late 'bite' at the end of the season when normal
growth is drawing to an end. In practice, the
response of grassland to the application of nitroéenous
fertilisers at such per;ods of the year is capable of
%variations due to weather. Although there may be
;seasons when severe conditions.cause a disappointing
éresponse to such dressings experience shows that on
‘the average there are undoubtedly benefits to be
3derived.

| As regards potash, while the figures show that

twice as much is removed in the herbage as is applied

in a typical dressing of dung, the results of the Ingtitues plot

experiments, detailed in Appendix I, indicate that even
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over a period of five years, during which four times
.as much potash was removed as was applied, the herbage
ishowed no deterioration in either yieid or botanical
Zcomposition. This result was obtained on a medium
loam. It is well known that many heavy soils contain
a sufficiency of potash, and in such cases the l
;application of potash salts to grassland is unnecessary.
| If there are indications on light soil that this

'

Kfertiliser is needed, it may be applied at the rate of

|
?5 to 5 cwt. per acre. Although potash is not avail-
iable for this purpose at the present time, Sir John
3Russe11(24) notes that, as an alternative, liquid
‘manure might be applied, although the quantity required
(about 2,000 gallons per acre) would be excessive.

As regards phosphate, nearly all soils require
;some addition. Although the typical dressing of
ffarmyard manure contains an amount of P205 which is
apparently just adequate to balance that removed,
there remains a doubt as to its availability when most

required, i.e. during the period of early establishment

and root development of the plant.

(iv) The Extent of Manuring Practised.
Prom thé data included in published reports

‘it appears that where artificial fertilisers have been
used in grass drying they have mostiy been restricted
?to minimal amounts of nitrogenous fertilisers applied
to increase the yleld of herbage.

Where grass is derived from a very large acreage
of second quality land, and where a final product of

high protein content is not aimed &t, it is perhaps

(o4
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unnecessary to make special provision for complete
‘manurial treatment. Yet it is doubtful whether,
veven in such circumstances, it would be justifiable
;to omit entirely all manures, or to reduce the
‘dressings to the very small proportions employed at
other centres. For example, on one farm# the
‘average yield per acre was 2.8 tons dry matter and the
Efertiliser cost 1/7d. per ton on a season's output of
é45 tons. This would allow for the application of,
;say, nitro chalk sufficient to supply 175 1b. nitrogen.
iThe grass produced (which contained 11.9% crude
protein) ‘would contain 1920 1b. of nitrogen, or well

over ten times the quantity applied to the land. An

examination of the other low manurial costs recorded
discloses a similar state of affairs.

On the other hand there is evidence that the

‘published costs do not in all cases give a true in-’

‘dication of the nutrients actually applied. Although

the lack of references to farmyard manure has already
been noted, it is clear that the continuation of "the
existing practice of relying on live stock for
‘manuring" has contributed materially to the nutrient
\requirements of the grassland. For instance, on one
live-stock farm® the rental value was 7/6d. per acre;
%for an apparent expendituye of 3/1d. per acre on

:fertilieers an average yield of 1,2 tons'dry matter

* Dixey and Darke(v) Farm No.6.'

° pixey and Askew<6) Farm No.5.




was obtained. The average crude protein content of
the dried grass produced (as determined from 11

samples) was given as 12.31%. In addition to the

f expenditure noted, it would have cost a further 170/-

| per acre to replace the amount of nitrogen (430 1b.)

" removed! Such expenditure is, therefore, out of all

' voided by the livestock was an additional source both
- of nitrogen and other nutrients, and ought to have

| been taken into account.

- fluence the manurial policy in grass drying practiée.

~ drying centres where several hundred acres of grassland

- were availables,

~available. Tt is clear, however, that the excreta

relation to the charge included in the costs in respecﬂ ‘

of manures. The authors stated that it was impossible
to arrive at figures to represent this further item of

cost because no record of the food consumed was

(v) Practical Considerations in Manuring.

A number of factors have contributed to in-

-Rirst, since the opinioﬁ was widely held that it
was more economic to produce grass extensively, 1.e.
to obtain a relétively small yield per acre from a
large acreage of grassiand, the principle of intensive

manuring was not likely to be adopted at those grass

Second, there was considerable doubt regarding‘
the possible consequences of the excessive use of go-
called purgative manures, especially in conjunction
with the repeated cutting of grass at a young stage of

i
i
I
!

growth, It was felt that the combination of these

£ (One report(6) stated that all the farms were above
%he average size, and that only one had less thgn

350 acres of permanent grass.
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two features might lead to the rapid deterioration
.of the sward and to the ultimate exhaustion of soil
Efertility. |
| Third, practical experience had shown that weather
Egreatly influenced the yield, and that when severe
‘conditions were experienced expenditure on fertilisefs
‘was wasted to an appreciable extent.

| Fourth, the uncertainty of utilising completely
iall the herbage produced on fields reserved for
%artificial drying still remained, despite the experi-
ience gained from initial attempts to co-ordinate field
?work with actual drying. The vagaries of the weather
?and the consequent variations in the seasonal rate of
?growth suggested that it was certainly more prudent,
‘and probably more economic to restrict the gquantities
iof fertilisers where grass drying was practised.

Trom these practical congiderations it is‘under-

gstandable that, in view of the relatively high costs
‘involved, manures should, in most instances, have been

reduced to minimal amounts. It would not be reasonsbld

i

however, to expect. from unmanured land either the yield

or the quality of herbage obtainable from manured land.
‘This is shown by the results obtained in grass plot ;
experiments carried out at the Institute during the |
three years prior to the 1935 drying season#. Plots
which were left untreated throughout the three-year
'period and which were cut regulariy during the growing

season, rapidly deteriorated. The yield per acre

fell by 40%, while the hotanical analysis shows a

% See Appendix I,
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|
preponderance of weeds in the sward by the end of the E
third year, Similar plots which had been treated withs
pﬁosphate, potash and heavy dressings of nitrogen gave
yields of between 5 and 6 tons of dry‘matter per acre,
while a botanical analysis showed that the type of

‘herbage had definitely improved as a result of the

manurial dressings.

(vi) Manurial Policy in the Institute's Trials.

During the Institute trials regard was had to

'soil requirements in respect of humus, potash, phosphat e
;and lime, while nitrogenous fertilisers were applied in
.such quantities as would yield, from the limited | |
acreage available, sufficient herbage to meet the needs!
of the drier throughout the entire season. In 1937,
for example, the dressings per acre were:- dung, 10
tons; nitro chalk, 10 cwt; superphosphate of lime,
3 cwt; and potash salts, 2 cwt.
| Although there were indications that the soil was
reasonably well supplied with potash, it was clearly |
undesirable to omit this fertilisér altogether, as
little information existed as to its effect in counterQ
acting‘the depressing influence of repeated cutting.
In any event a certain dressing was considered justi-
fiable in view of the obscure but important role this
nutrient plays in maintaining the health of plants.

The dung applied contains an amount of P20

5
apparéntly Just sufficient to replace the amount re-

moved, but in view of its important function in plant

growth it was deemed advisable to apply phosphate.

Phosphoric acid promotes the growth of clover, but

1



from the results of both the plot experiments and the
practical trials it is doubtful if, in view of the
programme of continuous cutting imposed by grass drying,
the clovers persist lbng enough to derive any lasting
benefit from phosphates.

| The amount of nitro chalk apblied, viz. half-a-ton,
iis undoubtedly much greater than would normally have
been contemplated even in experimental work, but the
:Institute hsd two driers avallable, and only a very
iimited acreage from which to produce the raw material
for their season's needs. It will be instructive to
examine how far these amounts of nitrogen were
recovered in the herbage produced.

During the 1935 season the total weight of nitrogen
jrecovered was some 157 in excess of the amount applied.
In the next trial over 827 of the nitrogen applied was
irecovered in the herbage. During the 1937 season the
?average recovery was 727, the figures for each of the
four fields used being:- 58%, 74%, 787 and 76%. In
considering the 1937 figures it must be observed that
the season's trial was prematurely terminated from
financial considerations. The curtailment amounted to
two months out of the normal six-month period of growth
and the fields were still in excellent condition. The
field which gave an abnormally 1owrfigure, i.e. 58%,
showed a definite tendency to revert to common bent and
moss, and subsequent examination confirmed the opinion
that this'was due to a lime deficiency. With regard

to the average for the remaining fields, i.e. over 75%,

it should be noted that in addition to the premature
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termination of the season's trial, there had been
marked irregularities in the cutting programme due to
‘technical difficulties with field equipment. But for
these features there is littlé doubt that the final
nitrogen recovery in 1937 would have been conslderably
Egreater.

: Having regard to all the factors involved and the
épractical fesults obtained, the pefcentage recovery
éfigures indicate that the policy of nitrogenous
manuring adopted viz. 10 cwt. nitro chalk per acre,

was not an unreasonable one.

5. The Need for Cultivations.

To maintain pastufe in a suitable condition from
‘year to year, to replace worn out pasture and to
;establish temporary leys, certain cultivations are
‘necessary. In view of the demands that artificlal
drying makes on grassland by entailing cutting several
times in a season, it may be of interest to review the
extent of cultivations usually undertaken in grass
drying practice.

Available figures indicate that in many cases no

provision whatever was in fact made. A study by

Roberts(5) at 12 centres in 1936 included no charge
for cultivations. In a similar study in 1936 costs
undertaken by Dixey and Askew(6), small charges were
incurred on three farms in respect of chain harrowing
;and rolling; on the other two farms no cultivations
were undertaken. The authors noted that the growing
of temporary grass involved a good deal of expense in

sowing and subsequent operations which was not
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incurred with permanent grass; these additional costs -

were, however, not included, but as the acreage in-
volved was only about 7% of the total it was concluded
that the omission was not serious.

Although the actual expenditure on cultivations
;does not constitute a major item in the production
costs, the regular supply of short, young grass in
1sufficient quantlty is a primary requisite. It
;appears desirable, therefore, to consider the extent
jto which cultivations are really necessary.

I

(i) Harrowing and Cleaning.

It is desirable that the sward should be in a
condition to yield the most economic feturn. Through
‘the omission of preliminary mechanical treatment,
:hdwever, foggage has generally been allowed to remain
on the fields, and the feéding value of the final
\iproduct has inevitably suffered.

: Watson(gs) stresses the importance of this point.
He notes that before any field is shut up it should be
grazed down hard. If it is at all rough, he suggests
that it will pay to run over it with a mower, and then
turn stock in after a few days to eat the partially
dried cuttings. If stock are not used, then recourse
may be had to mowing and raking. On the other hand,
if a field is left with rough material on it, it will
show a disappointingly low crude protein content.

kThis invarisbly results even though there may not
appear to be much rubbish present. Watson points out
that the foggage is almost entirely dry matter, while

the fresh grass contains only 207. When the mixture

|
|
)
t
I

74



js dried the adulteration becomes four to five times
greater than it appeared to the eye. He concludes

that if any field is to produce a good even crop of

grass of high feeding value, it must be cleaned up

before it is closed to grazing.

In some cases there may be a need for the removal

t
i

;of stones. During the ploughing up of a field at the
gInstitute, it was observed that a considerable number
éof stones were thrown up. These were collected and
%carted away, and this extra charge fell on grass
fdrying. 'On grassland where this had not been done,
the flelds appeared to be reasonably free from large
stones, but a careful inspection disclosed a relatively
large number of smaller stones, ‘many of which were
partially embedded in the soil. Although damage
icaused by stones is entirely fortuitous, difficulties

iwere in fact eiperienced during the trials, and cutter

‘bar repairs and knife-finger replacements were frequent.

(ii) Renewal of Pasture.

| Where a selectiQn is made from existing grass-
‘land, the condition of the pasturage may indicate no
immediate need for expenditure on special cultivations.
It should be borne in mind, however, that considerable
outlay may be necessary in the near future. Alun'
Roberts(zl) notes that it is evident that on many types
of soll, even in a wet climate, it is difficult to
maintain grass in a satisfactory condition for more
than about three years, and cohcludes that the rotation§

should accordingly be shortened. As the first three

or four years are usually the more productive, the
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author considered that it is better to err on the side

of ploughing up more often than is‘customary'than of
leaving the pasture to hecome full of bent grass and
‘other undesirable weeds.

An examination of the botanical composition of the
Eexisting pastures may indicate the desirability of
glaying down a certain acreage of new pasture. Such
Ea programme of renewal is an integral part of good
:grassland management, and the expenditure should be
spread over the period of years estimated to be a
‘reasonable life. By this means the average annual
‘expenditure is determined and, in equity, a corres-
Eponding charge made against the costs of each year.

%If this is not done, grass drying will be unduly

‘burdened with expenditure in special cultivations in

one year, and in others the process will reasp the

benefit of past expenditure.

Where ploughing is considered necessary, thé
question arises as to the seeds which may best be sown.
Grasses having a capacity for rapid development, e.g.
‘rye-grasses have been grown successfdlly for drying,
;but mixtures have genefally been preferred to single
:strains. It should be noted, however, that some of
;the advantages®* usually claimed for mixtures, viz. a
‘better seasonal distribution of herbage, increased
‘palatability, and a longer period of effective groﬁth,
‘are of little practical value in grass drying. The

features which confer distinct advantages are (i)

% Tor further details, see Armstrong(zg) "British
Grasses".
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sersistence in regard to regular cutting; and (ii)
productivity, i.e. response in yield to manurial
treatment.

Simple mixtures have proved very successful. At -
the Institute it has ﬁeen found that the seeds mixture
’should contain a preponderancg of perennial rye-grass
;(preferably an indigenous strain) with a smaller
fproportion of Italian rye-grass to ensure earliness.,
fA typical successful mixture on the Institute land

(medium loam) is as follows:~

Lb.per Acre.

Evergreen Perennial (Kentish Ryegrass;

Welsh Perennial Ryegrass 20
Italian Ryegrass . 6
Rough Stalked Meadow Grass 3
Kent Wild White Clover 2

The results obtained at any single centre are,
however, only true for one particular set of conditions)
‘and may not necessarily apply in other parts of the
;country. The Adried grass producer would be well
?advised, therefore, to base his initial selection of
.seeds on experience of his own pastures preferably
éthose which have been subjected to hard grazing and
‘continual treading, conditions which simulate those of
grass eriﬁg- ‘Subsequently . personal observation:
.of the newly seeded fields for grass drying would |

indicate what future alterations would be desirsble in

-the seeds mixture.

While these remarks apply to the actual laying

down of leys and permanent grass, and to the.choice of

seeds mixtures involved, it must be realised that the



intensive manuring and continuous close cutting of

the herbage over a period of, say, three or four years%

may materially slter the botanical composition. Such

an alterationwas well illustrated in the results of the
plot experiments,detailed in Appendix IX, where the
percentage of weeds in the existing pasture was reduced
Eto a negligible proportion, but where simultaneously
clover was also virtually eliminated. |

| From the results of such an experiment it would
be erroneous to conclude that clover, by reason of its
lack of persistence, does not justify its conclusion
in a seeds mixture selected for grass drying. It is
clear, however, that the amount of clover seed in-
cluded should not be greater than is necessary to

ensure the early establishment of the sward.

6.The Yield of Herbage.

(i) Typical Figures.

.The yield obtainable depends on the quallty of
the land used, and the extent of cultivations and
‘manuring undertaken. As noted, the Agricultural
Research Council(4) had assumed that 3 tons of air-
‘dry material could be obtained with adegquate manuring
from 40/~ land. It will be of interest to compare this
with the yields obtained in practice.

Dixey and Butler(lzj, summarising three years'
':experiences of grass drying on Engliesh farms, gave

average yields of 2.03, 2.49 and 1.75 tons per acre

for 1936, 1937 and 1938 respectively. The sascreage !

yields on individual farms varied from a ton to three- §
- |
and-a-half tons of dry matter. On most of these farms!

]
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‘erection of the driers there were delays in commencing

11937 trial was prematurely terminated; and (iv) that
.difficulties in maintaining a programme of regular
;cutting were experienced throughout#®*, and that con-

'sequenfly the season's yields were affected.

~the Agricdltural Regearch Council in 1935 as to dry-

grass was produced extensively, i.e. a regular
programme of cutting was not maintained. In 1938,
for example, more than half the land (547) was cut
only once; the corresponding figures for 1937 and 1936
were 617 and 377 respectively.
In considering yields obtained during the Institute

trials it bay be noted (i) that owing to the late

operations in each of the seasons 1935 and 1936; (11)
that the decision to install a drier in 1935 was made
too late to permit the application of farmyard manure

to the fields used during that season; (iii) that the

Average Yields of Grass per Acre..
(Hannah Research Institute)

Wet Herbage Average ‘ 10% dary

(tons) Moisture matter

Content (tons)

1935 15,66 82% 3.13
1936 22.89 857 5.81

1937 18.69 857% 3.12

These results demonstrate that the estimate by

matter yield can easily be obtained in actual grass -

drying practice from first gquality grassland.

(ii) Method of Determining vield.

It is obvious that in determining the costs é
of producing the wet herbage, much will depend on the |
|

s These difficulties are consldered 1in cetall at a
later stage.
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the accurate determination of the yield. 1In this
respect, however, special difficulties confront those
who compute.grass drying costs. These arise in cases
where all the herbage produced on the acreage reserved
has not been utilised by artificial drying. That
some approximation may be unavoidable is apparent from
the following account of experience during the 1935
“trial at the Instgtute.

The first cut from one field was ensiled, the
second cut was dried, and thereafter the field.was
gragzed. If was obviously necessary in such circum-
gtances to allocate the costs on the basis of the
.respective weights of herbage utilised by ensiling,
bdrying and grazing. Accordingly, the loads of wet
herbage for ensiling and drying were weighed. The
approximate weighﬁ of grass consumed by grazing was
estimated by ascertaining the number of grazing-days
and calaulating the dally dry-matter intake per cow.
O0f the total yield of herbage obtained from the field,
the proportions utilised by the three methods weres-
ensiling, 507%; grass drying, 127; and grazing, 387%.
Althoughrgiving somewhat approximate results, the
method adopted in the Institute costings was therefore

reasonably accurate. On the other hand rough

allocation of costs on an arbitrary basis of chargihg

one-third to each method of utilisation (a method

commonly adopted in other costing investigations)®

would clearly have given very misleading figures.

* see the Reports by Dixey(6) and (7).
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This difficulty has been encountered by other
workers. In one of his first reports, Dixey(G) dealt}
with the experience on five English farms in 1936; all
were above the‘average size and only one had less than ;
350 acres of permanent grass. Under such circumstanmﬁ
‘fields were not reserved exclusively for grass drying.
"It is true that on one farm it was felt to be
Idefinitely inadvisable to cut the same fields con-~
tinuously, but the more usual reason for adopting the
‘extensive system was the difficulty of fitting a
'rigld programme of cutting into the farm routine.

While the costs for the fields entirely reserved
‘for drying were charged solely to dried grass, the
arbitrary method bf adjustment adopted by Dixey for
those fields which were only cut once was to charge
exactly one-third of the production costs.

In a further study of production costs in 1937,
'Dixey(v) apportioned the costs as follows: 1t was
"ascertained how hany times the fields on each farm
were used dhring.the season, whether for haymaking, for
‘grazing or for grass drying. On three farms, where
most of the fields were used four times, each acre cut
once was taken as a quarter of an acre; for the re-
maining six farms, where three 'cuts' or 'uses' was‘
the rule, each acre cut bnce was taken as a third of
‘an acre, A truer picture of the acreages used and
‘the Yiélds obtained was claimed for this method.

such approximations may be sufficiently accurate

for rough calculétions, but the question should

however, be considered with regard to its general
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implications.

These adjustments entirely discount the losses ‘ 82
due to faillure arising from incomplete utilisation.
Mofeover,the justification for making such adjustments f
rests on the assumption'that an equally satisfactory |
return was oﬂtained from the alternative methods of ;
;utilisation most generally adopted, viz. grazing and '
.ﬁhaymaking. But considered in relation to the main |
project these alternatives are by no means satisfactory;
The chief objection to grazing is that it does not
provide a means of conserving the herbage for wintér
juse.' Moreover, on a moderate sized farm with a
?carefﬁlly planned economy, the head of stock normally
;carried cannot economically dispose of surplus herbage;
:and there are¢ risks attached to the buying and selling
of store animals for a short keep. As regards hay-
making the chief dréwback is that this process is
wasteful and yields a product much inferior to dried
:grass. And the éttempt may have to be made during i
]unfavourabie weather conditions, for haymaking, in
‘association with grass drying, is geperally resﬁrted
.fto after the prolific growth experienced during the |
lspring flush.

If economic utilisation of all the herbage produced

cannot be achieved, any losses which may accrue from

alternative methods of conservation must be considered

subsidiary to the grass drying, and should be taken

into account in assessing the costs of the process.

(1iii) issessment of Acreage.

Although the gross acreage used ig normally



taken as the basis on which to calculate yields, some
observations of net acreage used for cutting were felt
fto be desirable in the Institute's trials. The gross
‘acreage of the fields reserved for grass drying, as
 measured from boundary to boundary, was first
gascertained. ' It was observed, however, that owing to
?the arrangement of thé "Cutlift" combine and trailer,
?the grass could not be cut close to the field
Eboundaries. A margin had to be left uncut at the
%sides of the field, and the corners had to be rounded.
fThe effect of this on the acreage available for

fcutting wag determined by an independent surveyor,

Eand it was found that there was a reduction of less

éthan 37. It is clear that the loss of acreage through
i

!
'greater than that experienced in other similar field

i
I

work.

{7. Costs of Production of the Herbage.

Production costs per _acre are in many ways a
fuseful guide. They afford, for examplé, a means of
'determining within a fixed grass drying budget the

P

Eexpenditure permissible on various items. It is more
éusual, however, to express the final results in terms
gof cost per ton. From practical considerations this
fmethod has been adopted in the present study, but it
gmay be noted that in theory a more accurate index

i

fwould be the cost per unit of food in the final product

(1) Rent.

The first item in the cost of producing the

3
'raw material is the rent charge. In 1928 Duckham( )

.the operation of the "Cutlift" combine is not apgrecid@#




estimated that rent would cost S8/44. per ton. The

~Agricultural Research Council included a figure of

'13/44. in their 1935 report(4); their estimate was |
“based on a rent of 40/- per acre. With a similar
}figure for rent during the Institute trials, ﬁhe
gcosts were of the same order, viz. 12/9d. in 1935;
}10/6d. in 1936; and 13/64. in 1937; a simple average
of 12/3d. per ton of dried grass. | Dixey(6), recording
rthe results on farms with rents from 7/64. to 30/- an’
'acre, calculated rent costs at from 5/2d. to 10/9d.

peP ton. In subsequent btUdiGS(7> and (12) he
obtained figures ranging from 2/11d. to 10/4d. per ton
(1957) and from 2/11d. to 19/114. (1938).

1 The figures available in published reports range,
'therefore, from 2/114d. to 19/11d. per ton of dried
ggrass, and although rent is apt to be regarded as‘a
Eminor item in the total costs, the difference, viz.
§16/11d. a ton, is very considerable. It is, for

iexample, more than sufficient to influence a farmer in
} .

fhis choice of alternative feeding stuffs of comparable

‘guality.
f These variations in the rent cost arise from (1)

?differences in the guality of the grassland used and
?the rent charges per acre; (ii) variations in the
éyield of herbage obtained per acre; and (1ii) the
iadoption of methods of adjusting costs in cases where
iall the herbage available from the fields reserved |
could not be completely utilised by grass drying.

(i1) costs of Manurial Treatment.

There was some divergence between the two
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preliminary estimates of manurial cost for land

"allocated to grass drying.

In his 1928 report

3Duckham(5) eﬁvisaged expenditure on manures at £4

per acre, and with an assumed yield of 3.6 tons of

‘dried material per acre his estimate of manurial cost

¢

'in their 1935 report(*) selected a rigure of 30/- per

was 22/- per ton.

The Agricultural Research Council

éacre; on the basis of an estimated yield of 3 tons

' per acre the probable cost was 10/- per ton.

In his first report Roberts(5) recorded the costs

at 12 centres in 1936,

3 of the centres, and the manurial costs at the others

No manures were applied at

franged from 1/64. to 40/~ per ton of dried grass!

1
|

. 1/5d4., 15/64. and 16/- per ton; Cambridge University

In his subsequent report(ll) he concluded the

'ffollowing variety of figures:- Leeds University (1937)

'(1937) 6/1d. and 12/- per ton; Harper Adams Agric-

‘uwltural College (1937) 5/13. per ton; Bristol

?University (1937) Nil. 19/64. per ton and Nil; Seale

Hayne Agricultural college (1938) 2/1d. per ton and

Nil.

jmanurial costs varied from 5/10d. to 20/- per ton. It

At individual farms in 1937 and 1938 the

%may be noted, incidentally, that a few producers

‘obviously altered their manurial policy in the light

of practical experience.

Thus at Perth manures cost

§13/5d. per ton in 1937, while in 1938 the cost was

'6/1d. Again, at a drier in Herts. the 1937 manurial

‘cost was 5/10d., while in 1938 it rose to 16/- per ton.

Similar variations are noted in the reports by

Dixey and Colleagues

(6, 7 and 12)

In their 1938

!

|
|
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report(lz), for example, the costs on 11 farms rangpd % 8(;
from 2/3d. to 15/4d. per ton, while on two of the farma'
‘no charges for manures were incurred. ;
From the range of figures noted above, viz. Nii
vto 20/- per ton, it is obviously not feasible to

select any one representative figure. More information

on this subject is obviously desirable, with data j

.obtained from various centres where soil conditions and

methods of grassland management differ. Only by this

means can a reliable index be obtained of the true
manurial costs of producing the wet herbage.

(iii) Residual Manurial Values.

Tables have been drawn up giving compensation |
ivalues for feeding stuffs and fertilisers. These
;tables(lg) "are intended for. general guidance, to be
modified as circumstances demand". If the figures
;for’ordinary grassland are taken, a difficulty
:immediately arises. In normal farming practice, e.g.
haymaking, grassland is not subjected to such intensive;
cropping as in grass drying, where much larger amounts
‘of nutrients are withdrawn from the soil. It seems
‘questionsble, therefore, whether the tables can be
;validly applied to grass drying.
| The point hay perhaps be considered somewhat
‘academic. It is, for instance, obvious that if the
fsame fields were to be used year after year and
ifertilised at a constant level, the amount chargeable

would, after a few years, be equal to the expenditure

i
!

involved. Such conditions, however, are seldom

‘encountered in practice.  Consequently unexhaus ted -



vmanurial valués ought to be taken into account in
arriving at the season's costs. Similar adjustments
Lmay be necessary between outgoing and incomihg tenants
on farms where grass drying had been practised.

It seems.desirable, therefore, that some general

ruling should be laid down on this mafter'for the

;guidanoé of those who undertake the calculation of

lgyass drying costs. Thus uniformity‘of results would

be obtained and a proper basis of comparison available
Eto those engaged in the process, as well as to other
iinterested parties.

(iv) Costs of Cultivations.

i It has already been noted that on some farms
%o profision was made for cultivations; at others
Qarying amounts were charged. Dixey(lg), for example,
%ecords costs in 1938 ranging from 54d. to 6/94. per ton
?f_dried grass.

. In the Institute 1935 trial the renoval of stones,
harrowing and roiling cost 3/5d. per acre, or 1/3d. per

ton. In 1936 two fields (area 37% of acreage reserved)

were sown down. It was assumed that these pastures

ﬁould need to be replaced after five years, and a charge

bf one~fifth was made against the 1936 costs. With
fhis addition, th€ average cost rose to 6/104. per acre,
%i.e. twice that in 1935. With an improvement in
éyield per acre, however, the cost per ton was 1/104.
?i.e. 507 more than the previous year. In 1937 one
;field (area 177 of acreage reserved) was plﬁughed and

‘sown with Italian rye grass. On the basis of a

gsecond-year's crop being obtainable, one half of the

expenditure was charged to the season's costs, and the



average for all fields then rose to 13/94. per acre,
%i.e..four times the 1935 figure. In terms of yield
‘the cost was 3/10d. per ton, i.e. three times the 1935
jcost. A weighted average over threé years gave a
;figure of roughly 2/64. per ton.

i Simple grassland cultivation, e.g. chain—harrowing
éand rolling, costs little. Although ploughing and
Eseeding raises the cost appreciadbly, ﬁhe amount is not
gexcessive, and should Be considered in relation to the
jimproved gquality of the product. There are grounds
ifor believing that the extent of the cultivations
iundertaken in grass drying has been insufficient, having
}Pegard to the condition of the pastures generally used.
1There would have been ample justification for ploughing
and seeding all worn-out grassland, although the
Eexpenditure on such would have resulted in an item of
zcost higher than the figures noted above, and
Eabnormally.high in relation to the trifling amounts
Eincluded in respect of most of the farms dealt with in
iublished reports.

' (v) Summarised Costs of Production.

i

Prom data obtained by Woodman et Cambridge in
%1926 (28 weekly cuts on unmanured, heavy land)
buckham(s) estimated that the raw material for one ton
of dried grass would cost 32/-. A rough estimate
prepared by the Agricultural Kesearch Council(4) in
1935 was 30/- per ton.
A report by Roberts(s) contained figures for rent

and manures at twelve centres in 1936; these ranged
from 6/6d. to 50/- for land which had been manured,
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while an average of 10/- was assuméd for unmanured

89

|

|
land. Continuing his investigations at various j
advisory centres during 1937 and 1938 Roberts(ll) noted[
?that costs varied from 9/2d. to 22/9d.
‘ In a study of costs on five farmes in 1936 Dixey
Eand Askew(6) gave figures ranging from 10/44. to
25/106. with a simple average of 17/9d. Dixey and
Darke( ) published costings for 1937 varying from 8/14.
éto 29/7d. on manured land, while on one farm the cost
iwithout manuring was 10/9d4. per ton. Diiey énd
;Butler(lg) recording the experience on 13 farms in
51958, ascertained that the cost of raw material for
ione ton of dried grass varied from 8/2d. to 33/54.

i
i

1 The range noted, viz. 6/6d. to 50/~ is a very
gwide one. The costs in the Institute trials (e.g.
%47/— in 1935 and 48/- in 1936)% suggest that the
ihigher 1imit is more representative of the true cost
éof producing the raw materiasl than any lower figure.
]The higher figure would represent the cost of producing
iherbage capable of manufacture into a protein coneen-
jtrate. It includes adequate provision for cultivations,
iperiodic renewal of grassland, and the maintenance of
01l fertility.

(vi) FPactors_causing Variations in Cost.

5 Although the feeding value of the final

|

%product varied greatly, it is doubtful if a consider-
‘ation of cost in relation to guality would entirely

faccount for the wide range & figures svailable. It -

- Owing to the premature termination of the 1937 trial,
the figure for that year is not comparable.




‘;ppears desirable, therefore, to note the factors
which affect the costs in the form in which they are
hsually presented,

PFirst, the greatest variations are due to marked
ﬁifferences in manurial treatment; the low level of
application of fertilisers has beeﬁ a feature of general
practice, and many producers sought opportunities for
iowering production costs by omitting manurial items
?hich would normally have been included for other crops.

A critical analysis of a number of results has revealed

an omission to make reasonable provision for the re-

ﬁlacement of the nutrients removed in the herbage pro-

huced; and the extent to which the continuation of
?uch a practice would affect soil fertility has been

;ndicated.

; Second, failure in almost all cases to deal with

&he seasonal variations in the rate of growth of herbage
has raised difficulties with regard to the apportion-
ﬁent of costs between grass drylng and the alternate

forms of utilisation. The yields of herbage on which

guch allocatiomns have been made, and on which the costs

ber ton of dried grass have been based, are not absolute

figures: they have in many cases been arrived at by

hethods of adjustment expressly designed to deal with

Ehe economic results of failure to control the herbage.
Moreover, unchecked growth lowers the nutritive value
gf the raw material markedly, and when ;t has become
overgrown hay-making has generally been resorted to in

an attempt to conserve the surplus herbage unsuitable

for drying. It is suggested that such alternative
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forms of utilisation as haymaking and ensiling should | . S’l
- in these circumstances be regarded as pfocesses %
subsidiary to grass drying, and where the return f

: \

~obtained is not commensurate with the expenditure

|
‘involved, this should be taken into account in assessing
‘ |

‘the profitableness of ertificial drying. j
: Third, there are grounds for considering that

‘many of the published figures, while representing such
expenditure as may difectly have been incurred during
éthe season, only reflect the cost of producing grass
%extenéively, i.e. under conditione not applicable to
jthe moderate-sized farm. In theée circumstances
:producers were not adversely affected by low yields of
%herbage because of the extent of‘grassland available.
éAnd again, methods of adjustment, in the absence of
iabsoluté figures for the season's yield, resulted in
érough estimates of the amount of raw material obtained
from one or two cuts from several hundred acres of |
bermanent grass, and costs so based_wefe presented in a
ﬁost favourable light. It mey be that such treatment

ﬁs acceptable in these special circumstances, but_the

results of extensive production of wet herbage are

obviously not of géneral application. This is

?mphasiged by a conéideration of one prominant feature
of practical drying, viz. inactivity and delays at the
ﬁrier;‘ with an extensive acreage, lack of raw material
Qill not present the came degrée of difficuity,‘and if
drought is experienced the position will not assume !

such a serious aspect as with a moderate acreage of

grass .



Fourth, it is clear that many producers engaged ‘ 92 :
in grass drying did not aim primarily at a product of
"high nutritive value. It is true that the nﬁtritive

‘value of herbage, if cut at the short, leafy stage, is

‘roughly independent of its botanical composition, and
;lack of manures will merely limit the yield. But
nghere low production costs have been the ultimate aim,
gcultivations have also been generally omitted; pastures
%taken ovér have not been properly cleaned of foggage‘
iat the outset, and whiie g limited amount of mechanical1
étreathent has been given, little, if any, provision
;has been made for the maintenance and renewal bf
pastures subjected to the intensive cuttiﬁg.
Cultivation costs have consequently been minimal, but |

a general lowering of the quality of the final product

‘has resulted.

Moreover, from poor grassland the yield of herbage

available at the short, leafy stage has appeared so

little in view of the great amount of work ehtailed in

cutting and collecting it, that there has béen an un-
éfortunate tendency, apart from variations in seasonal
zgrowth, to allow the grass to assume a more bulky stage
?of growth. The herbage, though greater in bulk, has
zsuffered a serious depression both in nutritive vélue

éand digestibility; and the use of such raw material
|

precluded from the outset any possibility of obtaining
‘from the grassiand a product which could replace

‘imported concentrates.

Many producers who subordinated guality to low

'production costs accepted the alternative of a final



hay-procduct of low nutritive value in the belief that

it was probably more economic when all the risks

‘involved were taken into account. It is pertinent

-to observe, however, that apart from any question of

|

relative costs in terms of equal food value, the real

need is not for additional supplies of carbohydrate

feeding stuffs but for protein-rich concentrates.
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III. CUTTING, COLLECTING AND DELIVERING GRASS
TO THE DRIER

l e Cutting Policy.

(1) Tke Cutting Season.

i
!
|
-
i
|
i
i
i
i

‘however, from year to year. Moreover, in any one
;season grass is invariably earller in favourably
ésituated districts. If an early t!bite' 1s obtained
cutting may begin about the middle of April; such was
Ethe experience in the 1937 Institute trial when
operations began on April 13. Owing to inclement

wegther it is, however, more usual for work to begin

at the end of April or the peginning of May. In a

i
|season of exceptionally poor growth cutting may not

'begin until an even later date. In 1938 Dixey(12)
Enoted that only three out of thirteen driers were able
Eto start work in April, and no fewer than five had to
wait until June, "thus missing the time of year when
the grass should be at its best".

Cutting continues intermittently throughout the

season until laté autumn when frosts put a stop to

the season's work. Thus in 1936 drying at the
Institute farm extended until November 3, while
fDixey(5) recorded finishing dates varying from October
%15 to November 5, It is however not uncommon to find
‘that the cutting season has to be terminated
‘prematurely for lack of grass. Dixey(7), dealing with
nine driers in 1937, noted that closing dates at four

Cutting begins in early spring. The date varies,

95



‘centres were July 31, and August 3, 14 and 18, while
%for special reasons® operations on three other farms
%were suspended at even earller dates., In 1938 Dixey
%recorded a similar experience; eight out of thirteen
idriers closed down before the end of September,

It will be seen, therefore, that the length of

éthe cutting season 1s usually the six-month period from

EMay to October, Given favourahle weather, nitrogenous

Efertilisers may lengthen the season by a fortnight at
%either end, 1.,e. to seven months. On the other hand,
%poor spring growth may delay the start of cutting,
§While an insufficiency of herbage in the early
%autumn may result in a premature termination of
%operations. BEither of these willl curtail the season
gby as much as a month, In the unfortunate event of
%both a late start and an early finish, the resulting
%four months! season will seriously lower the output
Eof dried grass and lessen any hope of economic

success,

{

A sufficiency of grass throughout the whole
ggrass drying season 1s thus clearly essential. From
i
'this point of view it 1is desirable to have some

‘indication of the' varying amount of young leafy

(12)

;¥The author notes that two were closed down early in
: the season (May 29 and June 1), the one because the

grass was too poor to justify thre cost of drying, and

the other because the running costs of the drier (an
experimental model) turned out to be excessive, The

third farm was sold over the farmer's head before the

drying season was finished.
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fherbage likely to be obtained at different periods of
fthe year. A summary of the experience at the Hannéh
iInstitute provides a typical plcture of such seasonal

Evariations.
In very early spring the grass was sparse and
éthe yield small, The quality however, was good. Thus
;the dried material contained 20% of protein and more
zthan 70% of starch equivalent, and could legitimately
be classed as a protein-concentrate.

During the spring flush growth was prolific. The

histogram on p. 55 provides a striking illustration of

this fact. To obtain all the herbage at the required

%short leafy stage cutting at this period of the year
%has to be very carefully controlled. Thus the
§Institute's experience was that, unless the cutting of
a field was completed rapidly, there was a progressive
decrease in the protein content of the herbage., This
is shown by the following typical figures,

Analyses of Successive Samples taeken from one

Field during a single Cut.
(Hannah Research Institute, 1938),

i Semple Crude Protein
‘ Content
lst day 20.0%
! 4th " 18.5%
| 11th " 15.8%
12th " 16.0%
13th " 15.7%
loth * 14.3%
2oth " 14.0%

Summef grass was least 1n quantity, and even when

cut at the short stage it evinced a tendency towards




;stemminess. This 1s not unusual. Evans (28) had
observed that, irrespective of the grazing intervals,

fherbage becomes stemmy in June, and Stapledon and

QDavies(zg) have found that pasturage at about hay-time
|

1tends to become a hgy crop .in miniature. Woodman(zo)
?has observed that the lowered protein content and

édigestibility 1s due to the cessation of vegetative

capaclty and commencement of lignification in
consequence of dry weather,

| During the trials the autumn flush provided a
reasonable amount of suitable herbage, but work by
Morris, Wright and Fowler(so) indicates that, while
analysis may show a satisfactory crude protein=-content,
the biological value is somewhat lower than that of
spring grass. This fallsinto line with the general

impression among dalry farmers that milk production is

| less satisfactory on autumn than on spring grass.

l
|
!
I
i

This seasonal nature of herbage growth 1is
iconfirmed by reference to the flgures for the

jindividual fields, which are shown 1in the following

table:-

Yield per Cut: Hannah Research Institute - 1937,
(dry matter per acre)

Field I J R E
Cut No, cwt. cwt, cwt, cwt,
1 3¢9 2e9 15,5 21 .3

2 43,5 3542 19.8 6.5

3 360 4,0 Se2 6.8
4 6 o3 3.8 1.2 3.1
5 2.8 2.2 7.9 12.3

6 14 .6 5.0 54 +

7 4,5 7.6 6.7 +
Total Cut 78 .6 60.1 59,7 50.0

+ Premasturely terminated.

98



These figures show clearly the very high-
proportion (over 50%) of the total output of grass
which was obtained in the first two cuts of each
individual field in comparison with the remaining five
cuts. As regards quality the April grass (Cut No.l of
:fields I and J) was richest in protein. The high
yields of the second cuts were accompanied by a mafked
'lowering of the protein contant of the herbage, and
there was also a definite fallins-off in summer, after
‘which, however, the herbage recovered,

The above facts indicate that in order to obtain
‘the maximum amount of herbage at the short, leafy
‘stage, the intensity of cutting operations must vary
throughout the season. And since the bulk of the
;season's production is obtalned during the spring
éflush the maximum effort must be made at this period.

A well planned cutting programme 1s therefore clearly

essential.,

(11) The Need for a Cutting Programme.

In formulating such a programme, work in the field

and at the drier must be co-ordinated. There are two
broad alternatives to be considered., Either all the
young grass available may be cut at the leafy sﬁége
ﬁrrespective of the cgpacity of the drier, or
ﬁutting may be restricted to such amounts of herbage
as the drier can deal with from day to day.

The besic principle on which the first policy

|
|
\

i
1




;rests is that propounded by Woodman¥. As regards
'grass drying this implies that cutting should be at

Erelatively close intervals. A practical objection

'has been railsed. It has been pointed out that it is

inot economic to undertake extensive cutting for a ;
b !
- comparatively small yleld of grass. If the herbage is

- sparse the cost of cutting snd collecting it will

' undoubtedly be high. But the alternative, an increased

'bulk of more stemmy material, 1s attended by a marked

{

|
- lowering of both quality and value.

\ In order to obtain a dense growth of suitable

t
|

herbage the obvious remedy, as already noted, lies 1n
manuring and cultivations. But to thls remedy a

further objection may be raised. Where an adequate

isupply has thus been assured, 1t has been the general ‘

Eexperience, particularly during the spring flush, that

imuch of the young grass will prove surplus to the

'capacity of the drier. The solution to this latter

Sproblem lies in the provision of ensiling as an
}ancillary method of conservation. By this means both
;drier and silo will obtain raw material of suitable
iquality, and a satisfactory stanadard of final product

'will be ensured in both products.

If on the other hand the second policy 1s adopted

- |

;*1.e. that young, leafy grass has the character of a '

' protein concentrate, and that when pastures are closd&

. grazed, either continuously or at close intervals, ;
this concentrated character retained throughout the
entire season.
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;and the cutting programme 1s suited to the capacity
‘of the drier (i.e. by cutting at the leafy stage only ;
_ . 1

such amounts as can be dealt with by the drier from

'day to day), the uncut herbage rapidly becomes over-

igrown and approaches the hay stage. If such material

‘1s dried, a hay-like product of relatively low

‘nutrient value is obtained. Much of the herbage dried |

in Great Britain has, incidentally, been cut at this

éovergrown staget+, and the product, which has only a
isuperficial regemblance to genuine dried grass, has

|
|

'aptly been termed !'super-hay'.

| .
* In many recorded cases, however, unchecked growth
1

éhas been allowed to reach a point at which 1t was ’
?obviously inadvisable to cut the herbage and dry it
?artificially. The grass; as Dixey(v) has described
;it, "was too poor to justify the cost of drying".
fFields were then allowed to go to hay, and an
Eendeavour was subsequently made to control the after-
%math by cutting at the short stage. This form of
%utilisation is, as already noted (p.82 ), inferior to
jboth grazing and ensiling.

A consideration of the two alternatives outlined |

‘above shows that, while neither 1is completely

Zsatisfactory, it is undoubtedly preferable to ensure

‘a high standard of quality by adhering to the policy
of cutting all the young herbage at the short leafy

+Roberts(11) notes that only 30% of the dried grass
produced in 1937 and 1938 was of the best quality.



Estage of growth,

(111) Frequency of Cutting.

§ Such a policy entails frequent cutting. The
§work involved 1s conslderable, but is inherent in the
Eprocess. Indeed, the theory of grass drying merely
%embodies the precept that all young grass 1s protein-
jrich, artificial drying belng simply a practical
%attempt to conserve grass at its most nutritive stags.
gThe type and situation of the land used, and the
gbotanical composition of the sward, will affect the
gyield and earliness, but not the quality of young grass
;Dried grass of high feeding value can thus be ohtained
§from riéh and poor pastures allke, provided that the
éherbage is cut rezularly at the young leafy stage.

% If frequent cutting is to be practised, it will
%be desirable to indicate what is the probable interval
Ebetween successive cuts, Few examples of the
éapplication of a policy of systematic cutting are
%available from published reports. Cheveley(l4) deals
iat'the most with four cuts, while Dixey(6) records
ithat grassland was cut either once; twice or three

times. With such lenient cutting many of the fields

jreserved,for artificial drying were indistingulshable

:fram ordinary meadows, producing as they did either
ghay or a hay-1like product. This constituted a notable
:departure from the original conception of grass drying g
by Woodman, who forecast a farming landscape in which i

areas of grassland would be set aslde and treated 1like
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lawns to provide a succession of crops of rich young

grass. Woodman's original conception was put into

|

practice during the Institute trials, and the £1elds were

cut six or seven times, 26 cuts being made in four

fields (1936) and 32 cuts in five fields (1937). This

corregponds to roughly one cut per month. It is

;8lgnificant to note that in a study of the effects of

(various intervals of cutting on the yield and quality
gof herbage Woodman(zo) found that monthly cuﬁs provided
EOptimum conditions for the maximum yield of starch
equivalent and digestible protein. It would appear
therefore that (with due allowance for more frequent

cutting in the spring flush period) a system of

monthly cuts provides the best basls for a systematic

icutting policy.

! (iv) Rotation of Cutting.

Even with systematic cutting a difficulty remains,

Unless special precautions are taken, the young grass

in all the fields may be ready for cutting at the same

time. Considerable importance attaches, therefore,

|to the establishment of a rotation of cutting
gthroughout the season.

| Field operations are more likely to be successful
éif a workable programme of staggered cuts 1is planned.
%Within limits this should be feasible, for some of the
ifields, by virtue of position and soll, may be early
’in growth, and one or two of these may be fertilised

for exceptionally early cutting. Cheveley(14)

i
i
|
|
¥
i
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%suggests that between one~third and one-half of the
gtotal area to be cut for drying should be treated in
zthis way. The really important point is to start
idrying the moment the grass in the first field is long
enough to cut and collect, Operations can then be
itransferred to the field next in order of earliness,

and so on until each field has received a first cut.

Special significance rests 6n the timing of the first

[cuts.
é The fore-flush grass is admittedly sparse, and
the temptation to let i1t grow somewhat longer 1s
great, But experience at the Institute and other
centres has shown that i1t there is any delay the

grass will soon gain the ascendancy. It 1s necessary

to get all the first cuts completed and the second cutsg

begun before the spring flush of growth is under way,

8o that supremacy may be established at the very

outset,
? The consequences of delays in cutting are
gclearly shown in the foilowing table. 1In the

| Institute!s 1937 trial work was begun on ‘April 13th.
| Two flelds were cut in the first four days, with

i

Emoderate yields of herbage. Unforeseen circumstances

t

Eprevented an i1mmediste continuation of cutting in
Ethe remaining two fields, After an interval of nine
?days work was resumed, but by this time the herbage
‘had grown to such an extent that the yield per

jacre was some 7 to 9 times as great as in one of




|
i
|

| Amount of Herbage from First Cuts - 1937,

Field Date of Days Dry Acres Dr% Season's
i Cutting interval matter matter ~yield
i from cut per er acre
| start of T{1b) acre §c§% §r¥<
cuffing (1b) matter
I April 13/14 * 2702 6.1 443+ 78.6
J April 15/16 2 3808 14.6 259 59.0
F  april 26/ 13 14800 8.5 1741 59.8
May 6 ‘
E May 6/10 23 16500 6.9 2391 50.0

+ Séeds Grass (Itaelian Rye-grass).
There was no difference in the
botanical composition of the
herbage in the other fields.
the first flelds cut¥, the quality of the herbage
showing a corresponding decrease, Fortunately such

difficulties are confined to this perlod of the year.

In summer the rate of growth may be well within
éthe capacity of the drier, as is shown in the table
gon P. , and a systematic cutting programme can
geasily be maintained., There will be an intensification
fof cutting during the autumn, but 1f one or two flelds
iare tackled in the fore-flush, it should be possible
;to dry almost all the young herbage produced.

E Thus the early establishment and maintenance of
éa regular rotation of cutting is one of the most

'importent aspects of field work, and the staggering

;of cuts in the various fields will be of the utmost

‘%Pield I is not comparable; see note + above,
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fValue by providing a regular supply of grass of |

'satisfactory quality.
(v) Implications in Practice,

The implications of the above policy may thereforeE
%be summarised as follows, E;ggi, cultivations and
?manures, as indicated in the previous chapter, are
inecessary to obtain a vigorous growth of sufficilent
%density to make regular cutting at the young, leafy
%stage of growth practical and economic. Second,
icutting should be undertéken at reasonably frequent
iintervals, such intervals being much shorter during
fthe spring flush than at other periods of the season,
ibut averaging at roughly once a month., Third, a
jrotation of cutting should be established at the
ioutset by selecting and fertilising certain fields for
‘early growth; the.timing of the cuts will avoid the
Edrawback of all the grass being ready at the one time.
EFourth, all the herbage should be cut at the leafy
?stage irregpective of the capacity of the drier. To
Eeffect complete utilisation, the material which proves
%surplus to the needs ot the drier should be ensiled,
‘ While there is scope for initiative and resource
iin dealing ﬁith such features as exéeptionally'
;favourable growth during spring or drought in summer,

ithe basis of a successful grass programme should be a

,clearlx defined field policy.




;2. Practical Considerations.

(1) Methods of Cutting and Collecting.

The young grass may be cut with an ordinary hay
%mower and collected by horse-raking. Tunis method,
%even when supplemented by manual raking, results
Ehowever in a considerable loss of herbage in the field.
;Two speclal implements have therefore been designed
;to cut and collect simultaneously; these are the
'Wilder Cutlift and the Shanks Cutter-Collector.
Roberts(ll) gives a detalled account of these machines
'in his second report.

During the Institute trials two different methods

were adopted, viz, cutting by Cutlift combine and by

'horse-mower. The results showed that, under the
éconditions experienced, the cost of operating the
§Cutlift combine¥# was at least 50% higher than the
%cost of cutting by horse-mower and collecting by
éhorse and manual rasking. The costs of the former
%method included, for reasons which will be stated
2later, heavy items for the repalr of the tractor and
?the Cutlift, and when these were omitted the costs
?per ton were roughly equal. Dixey(7) notes that
%variations in cost are found whether the grass is
%cut and collected in one operation ar cut first and

Epicked off the ground later. He concludes that on the

¥By 1Cutlift Combine' is meant the complete assembly,
viz, tractor, mower and elevator, and bogey.
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éwhole the latter is the cheaper method, ard any
éadvantage of the single operation must be looked for
%in the better quality of the dried product,

g (11) Motive Power,

|

A tractor 1s necessary to haul the Cutlift and

I

‘trailer, although the Shanks Cutter- Collector 1is
ilighter and may either be towed by tractor or pulled
%by a palr of horses., The Cut1lift has been the
gimplement most widely adopted, however, so that the
?use of tractors has been genefal. In some cases light
gtractors have proved capable of doing the work.

j Many of those who took up grass drying were
ialready tractor owners. It 1is not likely that the
ipossession of a tractor influenced any of those who
jadOpted the process, but on the other hand, 1t 1s
funderstandable that on farms where only nhorses were
gused, considerable hesitation should have been felt
iin purchasing a tractor., There was the question of
%the capital éost, and this had to be considered in
‘conjunction with the outlay on the Cutlift; for in
;practice the two implements are units in the cutting
iassembly. Equally important was the employment of

a suitable tractor driver. On many farms no
fexperienced men were available, and due to the
:shortage of suitable labour the final issue confronting
:the producer was whether or not to entrust the

‘operation of the tractor and cutting machinery to

farm workers skilled only in handling horses. It is




gnot surprising, therefore, that apart fme the
%comparative costs of the two methods (Cutlift and
Ehorse-mower) many producers who used horse-labour
éobtained just as satlsfactory results. Of the final

Ecosts on nine farms in 1937 computed by Dixey(v), by
, .

far the lowest result was obtained on a farm whic
Erelied almost entirely on harses¥,

(111) Difficulties in Cutting.

The success of cutting operations 1s bound to

évary with the actual field conditions. Roberts(ll)

inotes that whlle the Cutlift gives good results under
i
'most conditions, it was found at Seale Hayne

‘
1Agricultural College that it is not readily adaptable
%to the small, steep fields typlcal of Devon farms,
?When the Cutlift was used during the Institute trials
jdifficulties occurred. These were due to a
?combination of factors. First, the condition of the
%ground in bad weather often made work difficult,
%especially in uneven corners. JSecond,stones+ and

-wet matted grass obstructing the cutting knife

#pixey(”) warm No.l. Total cost of dried grass
£3.17,64 per ton.

' +With regard to stones, 1t may be noted that the obviou

remedy, 1.e. ralsing of the cutter bar, has practical
limitations when dealing with short, leafy herbage,
Such grass must be cut reasonably close to the ground
and has, in any event, little resistence owing to

its softness and lack of length., The Wilder Cutlift
combine has an advantage over the ordinary mower in
this respect since it is fitted with adjustable rakes,
the action of which not only facilltates the cutting

of short grass but permits of a higher setting of the

cutter bar where this appears desirable.

|
|
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necessitated sudden stéppages, and when the traller

contained about 20 cwt, grass the straln at the

‘restart was considersble. 'Third, mechanical

difficulties were experienced with both tractor and
Cutlift, and a breakdown in any one of the constituent
units of the assembly brought cutting operations to

a standstill. Fourth, although the workers assigned
to the Cutlift were reasonably proficient, they had
not the standard of ski1ll possessed by mechanics,

During the tlwee-year trisl repair bills became

' Increasingly heavy. The indirect loss was a still more

serious item. Delays resulted in an uneconomic use

of labour, fuel and power, while breakdowns completely
disorganised the dove-tailing of cutting and drying
operations,

The difficulties are, of course, associated with

the continuous cutting of heavy ylelds of wet herbage,

Few farm implements are used regularly for six months
on end each year, and few deal with such large

quantities of material. Moreover, cutting and carting

. are undertsken with more disregard to - weather than

:most farming operations. While there is certain

'justification in the claim advanced that 1in grass

"drying operations the field implements are subjected

;to hard usage, it should be realised that such

treatment is inseparable from the proper conduct of

the field work,
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Reliability ensures uninterrupted work and the
completion of the cutting programme envisaged. It is
therefore the keynote of practical field operations.
Increased relisbility can be achleved either by
miﬁor improvements or by radical alterations in
design, It may be noted that, as a result of
experience gained during the Institute and other

trials, makers have now incorporated meany minor

improvements and new features in their later models,

the performance of which 1is giving satisfaction to a
growing number of users., No basic alterations 1in
design have, however, been forthcoming, While it 1s
not within the scope of this report to deal in detall
‘with the engineering aspects of grass drying, it has
already been suggested in a previous chapter (p.30 )
that there is a need for interchangeable units in

field equipment. It would, for example, be a distinct

advantage if, in the evertof a breakdown, an

iordinary mower could replace the cutting unit of the
{
I

i Cutlift combine.

% (1v) Labour Reguirements.

| There is a tendency to regard grass drying
workers as a separate labour unit, but advantages
accrue where they can be drawn from the regular farm

staff, Grass drying can then be more satisfactorily‘

' dove~tailed with ordinary farm routine, and when

idrying operations are suspended trhe men concerned can
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icutting is undertsaken by ordinary mower, and collection

!

%by horse-raske supplemented by manual raking. With

'the Cutlift, on the other hand, it is desirable that

the tractor driver should be a mechanically trained

; present no real difficulties. Duckham(s) considered

'would be the cost of carting and expelling water. He
%concluded, therefore, that one of tne chief questions
%which would confront the pioneers of any new method
%of dried-crop congervation’would be the problem of

'pre-drying.,

i

~on the ground for a limited period during favourable

resume the farm work to which they are accustomed.
Regular farm workers are particularly sultable for

employment in cutting and collecting, especially where

operéﬁor. Success depends on a continuously
satisfactory performance of all field implements.
There 1s obviously a need for proper care and
maintenance, and this can only be assured by the
employment of a man possessing the necessary degree
of skill, For work in the trailer attached to the
Cutlift, a youth or girl would suffice,

(v) Pre-Drying.

When the conservation of young grass by
artificial drying was originally contemplated the

general opinion was that growing and cutting would

that if any factor would kill the general ldea it

The advantages are obvious. If the herbage is not

carted to the drier immediately it is cut, but is left
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jweather, the moisture content will be reduced

. reduced.,

fact that pre-drying in the field (or wilting as it

‘readily broken off are the leaves wnich contain a far
fhigher proportion of protein than the stem. Thus the
gmore vagluable nutrients are apt to be lost. Moreover,

;as was noted in dealing with cultivations, the effect

‘nutritive value of subsequent cuts. Again, wilting

‘would still leave the producer at the mercy of the

considerably. As less water has to be transported,
carting costs on a dry matter basis are apprecilably

less; subsequent drying costs are also markedly
Against these obvious economies must be set the

is usually termed) connotes loss in several ways.
Respiration and fermentation occur and a depression
in digestibility results. Quality 1s thus lowered.
Greenhi11(26) found that there is also a moderately
rapld loss of carotene through wilting, and Smith and

(27) noted that this was due, not to the drying,

Briggs
but to the action of light. For this reason Roberts(s)
suggests thet it may be worth while exploring the
possibilities of bringing in loads of fresh grass to
dry on ramps under cover.

The collection of the wilted herbage entalls

considerable handling and wastage occurs. Owlng to

the tenderness of the young plant, the parts most

of leaving dead matter on the field 1s to lower the
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éinclement weather when all the disadvantages of the
;practice would be experienced without the advantage of
%a lowered water-ratio, and when further loss of
%nutrients would occur through leaching. Greenhill has
;also noted that the herbage does not dry uniformly
Ewhen left in the field to wilt, whether in swath or
iheap. This uneven pre-drying may add to the difficulty
'of getting a uniformly - dried product from the drier.
Finally, the chief disadvantasge in the practice may
' be found to lie in the discontinuity of cutting and
drying operations, for co~ordination of fleld work
(cutting and carting) with actual drying operations
is of primary ilmportance.

The advantages of pre-drylng may therefore prove

to be more apparent than real,

3¢ Cost Results.

! (1) Cutting, Collecting and Carting Costs.

No uniform method of presenting grass drying

. costs was adopted in earlier publications, and many
results gave no separate details of cutting and
 collecting. Dixey and his colleagues have, however,
épresented valuable data in their reports(6’ 7 and 12),
;the average of all costs recorded during three years
;(5 in 1936, 9 in 1937 and 13 in 1938) being about
;25/- per ton of dried grass. Costs differed greatly
from farm to farm. Thus in 1956 individual results |

varied from 19/11d to 26/5d4, in 1937 the range was

from 14/1d to 56/11d, and in 1938 the extremes were



14/- and 37/11d. Costs were also ascertained at

' various advisory centres in 1937, while Roberts(ll)

included figures for a mumber of driers during 1937

~and 1938, With few exceptions the results were

within the range already noted. There is thus ample

.evidence that considerable variations in cost are

5associated with this stage of the grass drying process.

i It will be clearly desirable, therefore, to examine
. the constituent items.,

(11) Iaebour Gosts.¥

The data by Dixey, referred to above, gave an

overall labour cost for cutting and collecting of

just under 10/- per ton of dried grass. Wages

| averaged about 8d per hour, and the rate of cutting
was roughly 15 cwt, of wet herbage per hour,
Similar cuttinc results were obtained during the

Institute trials, the quantity of wet herbage dealt

' with per hour averaging 12% cwt., 113 cwbt. and 12% cwt,

éin the three years., The hourly wages rate in 1935 was
§7d; in each of the two subsequent years, however,

i

ithe average rate increased. The policy adopted 1in

%1936 and 1937 was to employ more reliable adult
iworkers in place of the youths and boys engaged 1n
E

| 1935; The hourly rate thus rose to 83d in 1936 and

' 93d in 1937, i.e. increases of 21% and 32%

¥These figures are for manual labour only; horse
lsbour is dealt with under traction costs.
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‘respectively. From the results already noted it will
be seen that no commensurate improvements in cutting
ioutput were obtained in the two latter years; Labour

costs per ton rose, moreover, from 9/6d4 in 1935 to

116/6d in 1936 and 19/2d in 1937, i.e. increases of
;74% and 102% over 1935. These sharp rises are only
%partly accounted for by the increases in the wage
Jrates; in 1937 for example, if the increase (32%)

haed been the only factor involved, the cost would only
have risen by about 3/- per ton. There are obviously
various other factors which influence labour costs.

(7)

Dixey observes that the number of hours teken
to cut and collect the material for a ton of dried
gress has greater influence on labour costs than the
rate of wages paid. He found that the labour
required, expressed in man-hours per ton, varied
greatly from farm to farm., In 1937, for example,
the range was from 9.5 to 21.5 man-hours, the
cofresponding labour costs oeing 7/6d and 13/8d per
ton. As no definite effect could be traced to
sdifferences in yield or to wilting, Dixey concluded
Zthat the low indices of labour required reflected
the efficiency with which the work was arranged.

The three lowest costs, he noted, were on farms with

ithe fewest hours work. From a critical examination




jof the data®, however, it is pertinent to observe that
?the five farms with the lowest indices of labour
grequirement had the highest yields per acre,

| During the 1935 Institute trial the labour
érequirement was 16.1 man-hours per ton of dried grass,
éan index roughly comparable to the mean of the
Efigures obtained by Dixey. Due to a combination of
gfactors, however, the‘labour indices for the two
%succeeding years were about 50% higher. As previously
gnoted, the average moisture content in 1935 was 82%,
%but the figure rose to 85% for the two succeeding
Eyears; to produce one ton of dried grass, thereforse,
56 tons of wet herbage were required instead of 5 tons 1
31935. Again, the capaclty of the trailer used in
j1955 was 20 cwt, 1In 1936 and 1937, however, alternate

|
'loads were delivered to the drier in a horse-drawn

ibogey made by converting an old rick-lifter; this
‘had a capacity of about 14 cwt., The mean of the
§loads was about 17 cwt., As agalnst 5 loads of 20

%cwt. (5 tons) in 1955, 7 loads of 17 cwt. (6 tons)

¥From Dixey and Darke(v), Tables VIII and X, the
following data have been abstracted:-

Labour Costs of Cutting and Delivering Grass, 1937,

ZFarm Aver=
- No. 2 6 3 4 8 7 1 9 5 . age-

. Man-

Hg‘;f,s 9.5 10.4 12.5 13.0 13.7 16.0 17.5 18.9 21.5 14.8
tom
Total
Yield 3.6 2.8 3.2 2.4 2.9 1.4 2.3 1.7 1.7 2.49

(tons
per !
acre ‘
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{

‘were required in 1936 and 1937. And the average

%distance from the fields to the drier wgs greater in

;each of those yéars. The index of labour requirement

?thus rose from 16.1 to 25.3 and 24.8 man-hours per ton

%of dried grass on account of (a) increased moisture

'in the wet herbage, (b) smaller loads, and (c¢)

greater distances to the drier.

E In this instence, only in respect of the size of

'

iloads could an improvement have been affected. In

1
1

ipractice this would have meant using a more suitable

§bogey and therefore facing higher capital expenditure,

(14)

%Cheveley notes that the ordinary farm cart ar

Ewagon is not suitable for carrying grass, and 1s far

i

i
%too high for easy loading. A bogey consisting of a
|

|

éwheels, and with frame sides covered with wire netting

wooden platform mounted on a pair of pneumatic-tyred

?is most suitable. This type of bogey costs £25%,

Ebut two are required; while one 1s being loaded in

Ethe field, the other is travelling to and from the

fdrier. The capital expenditure necessary to achieve

%maximum efficiency is thus £50.

| (111) Traction Costs.

, In the studies by Dixey absolute’'figures for
Etraction cost were not included; tractors were

{

%charged at a standard rate throughout of 1/10d per

%at pre-war figure.

118



ghour, and horses at 43d. The flat rate per tractor
ghour included provislon for repairs and depreciation,
gand was based on records of the cost for light
tractors., Heavy tractors, if used, would have been
charged at not less than 2/6d an hour. The simple
average of 27 costs was 10/9d per ton. Tractors
proved more expensive to run, and the lowest costs
were obtained on farms which relied entirely on
horses.

' During the Institute trials a heavy tractor

|was used. In 1935 the running cost was 11/6d per ton,
and no expenditure oh repaifs was necessary. During
segsons 1936 and 1937, however, a horse-drawn bogey
was also used for dellvering grass to the drier. The
traction costs per ton (tractor and horse-labour)

'were 7/94 in 1936 and 10/2d in 1937, figures of the

order of those already noted. Repairs, which cost an

additional 3/- and 4/- per ton in the respective

%years, indicate the mechanical troubles experienced
iafter the first season.

Dixey calculated the cost of depreclation and
;repairs to field machinery at 1/11d per ton in 1936,
6/1d per ton in 1937, and 4/84 per ton in 1938. The

main influences, he noted, were the amount of capital

ginvolved and the tonnage produced in the season., In
‘the TInstitute trials depreciation and repairs to field
equipment were dealt with separately. The former has

~already been discussed at length in a previous part
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|

of this report (p. )« The figures for the latter

(1/6d, 2/3d and 9/1d*per ton) showed a progressive |

increase and again reflected the increased difficultiesi

with field equipment.

»
i
(iv) Factors affecting Cutting and Carting Costs. F
| Factors influencing cutting and carting costs are |
‘at work even before the gtart of cutting operations.
fCult1Vations and manuring, as already noted, ralse the
;yield of heroage per acre. Costs on a tonnage basis
iare thereby lowered, amd are thus to a certain extent
;pre-determined by the policy adopted in regard to
jproduction of the raw material,
| On the other hand, weatrer controls the length
Tof the grass drying season, and consequently affects
‘the tonnage produced., With a very low season's
output the costs, expressed 1in terms of dry matter
;per ton, then show abnormal increases. The field aspect
f‘ca:t‘ grass drying 1s thus dominated by weather, a
factor outwith the control of the producer; and its
influence should not be minimised, for hopes of
‘economic success must invariabiy be centred around an
fadequate seasonal production,
| Reference has already been made to the varistions

which occur in the moisture content of the wet herbage,

It is important, however, to note the effect on costs

*Incomplete season.



at this stage o the process. In the 1935 Institute
trial the cost of cutting, collecting and delivering

one ton of wet herbage to the drier was 4/6d; in the

- following year the figure was 4/11d, i.e. only 5d

more per ton of wet material or an increase of about

'8%. The practical significance of an apparently small

increase in the moisture content from 82% to 85% is

soon made gpparent. 1In 1935 five tons of wet herbage

produced one ton of dried grass; 1in 1936 six tons

~were requlred. Thus the cutting and carting costs

on a dry matter basis were:- 1935, 5 x 4/6d = 22/6d

‘per ton; and 1936, 6 x 4/11d = 29/6d per ton.

" Although the costs on a wet basls showed only a

~trifling difference, the final costs in terms of dried

grass varied by no less than 7/- per ton, or roughly

- 24%.

As regards the actual method of cutting,

:satisfactory cost results can pe obtained either with

" special equipment or with an ordinary mower, In

‘dealing with short grass, however, there are inherent

5difficu1ties, and owing to the continuous nature of

the work technical troubles may occur. Success

depends largely on uninterrupted cutting, and enforced

i1dleness entails both direct and indirect loss. To

keep costs down to normal figures the producer should,

~as noted in g previous section, take steps to ensure

the completion of a well-defined programme of

systematic cutting.
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Loss may oécur through incomplete utilisation
of the herbage produced, and this difficulty 1is
Vespecially acute during the spring flush, Ensiling,
:however, provides an acceptable ancillary method of
;conservation. If only part of the season's yield of
;wet grass can be dealt with, the costs of the actual
samount of herbage dried will otherwise be considerably
%higher. The degree of utilisation of the wet herbage
?produced on the fields reserved for grass drying is
;therefore important.

‘ The stage of growth at which the grass is cut
;also affects costs. By extending the interval between
%cuts beyond a month a greater bulk of herbage is
;obtained, although the feeding value of the final
éppoduct inevitably suffers. In these circumstances
écosts per ton are lower, but one has to balance
%cheaper costs against the lowered value of the dried
%grass.

Some of the fleld operations can be undertaken by
?youths and girls, so that the class of labour employed
iand the wage rates paid can influence costs. But a
imore important factor, as Dixey rightly emphasises,

?is the efficiency with which the work is afranged and
carried through. In tris connexion it should be borne
in mind that any saving in hardling the wet herbage,

which averages about 80% moisture, becomes five times

as great in terms of dried grass.

The above factors affect costs in varying degrees, !



:and may be cumulative in their effect. A considerationf

jof their relative significance suggests thrat one 1is
especially‘important, viz. interruption of cutting.
complete bregkdown of the programme of systematic
cutting is sufficient in itself to jeopardize the
gentire success of the season's work. The producer
iwould therefore be well advised to gilve most careful
gconsideration to the care and malntenance of field
§equipment in view of the insistent demands made on it
gfor several months on end.

% In general, experience has shown that, contrary
ito the original view expressed before artificilal
‘drying was introduced into farming practice, the
?cutting and collecting of the herbage presents a
number of serious problems. This stage of the

process may therefore be rightly regarded as one of

the most important in grass drying.

A
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IV, THE OPERATION OF DRYING PIANTS.

Y. Artificial Drying. |

(i) The Principles of aArtificidl Drying.

j Grass drying may be defined as the removal of
| ' i
'water from freshly cut grass so that the dried material,

|
‘'may be conserved indefinitely. A grass drier is

Esimply a machine to evaporate water, though the arti-
ficial drying must be done in such a way that the ;

feeding value of the herbage dried is not lowered.
!

The practicability of drying various fodder crops

;w&s considered during early experimental work at
EBillingh&m. The conclusion, however, was that until
Ea much cheaper method of evaporating water could be
revolved and special apparatus devised, the artificial
}drying of root crops, kale, cabbage, rape or mustard,
would not be economical.

The surface area of grass is large in proportion
to the total amount of water to be evaporated, and hot
air gquickly penétrates the relatively loose layer of
wvet material. Surface moisture is quickly vaporized,

but internal moisture requirés a certain time to travel

' through the cell walls to the surface. If the drying

i
|
i

temperature is too high, the grass will be scorched

'before the internal moisture is driven off; and even

| if the temperature is correct a similar spoiling will

i oceur if the drying operation is continued for an
! ‘ |

excessive period. There must be a proper balance

between the drying temperature znd the time of exposure

to the heat.
wet patches and guantities of partisally dried



|

!material are often found in the product leaving the
Emachine. This may be due either to faulty feeding, to
gthe presence of clumps of trodden grass, or to an in-
Eadequate drying temperature. To ensure the keeping
quality of the rest of the dried grass these wet
patches must be separated and subsequently re-dried.

This adds to the drying cost, but the extra expense

|
entailed is less than the loss which would inevitably

:result through mildew during storage.
E It is, however, clearly preferable that all the
grass should be evenly dried. Wet patches and im-
perfect drying may be prevented by teasing the grass,
and by ensuring that the wet herbage is fed in an even
mat. In certain earlier driers of the moving~band
type, mechanical tedding was incorporated by fitting
’spiked rollers; these achieved the desired results but
added to the capital cost without reducing the labour

requirement. The present trend is to dispense with

such mechanical refinements and to rely on manual

teasing as the wet material is fed to the machine. With
Etray-driers, on the other hand, the necessary teasing
?is effected when the partly-dried material is hand-
;forked to the second tray, where it is finally dried.
gAgain, the salient feature of rotary driers is the
érevolving drum in which the grass 1is tumbled about, thus
freceiving a sufficient amount of teasing.

The two complementary requirements, viz. an even

mat of the ﬁroper thickness can only be achieved as a

vresult of trial and error; the experience gained by

‘the workers at the drier enables them to vary the
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‘thickness of the layer of grass in accordance witp the
;varying moisture conditions experienced, not only from
'day to day but even during one day's run.

; The design of a machine which will dry grass
jevenly and without impairment of quality may be based
éeither on a short exposure to a high temperature, or on
ga longer exposure to a more moderate temperature. Thus
Efrom the thermal aspect driers may be classed as either
;(a) high-temperature or (b) low-temperature machines.
gIn the former, wet grass is fed into & rapidly moving
Sstream of air at a temperature which may be as high as
§IOOO°C, with the result that the moisture is removed
%quickly; with the latter type a slow current of air
iat a temperature between 200°C and 300°C is forced
through a layer of grass so that the molsture 1s

(14)

removed gradually. Although Cﬁeveley notes that

‘the high-temperature type is theoretically capable of

a greater thermal efficiency, the majority of farm

;driers used in this country are low-temperature

Emachines. Thus the reports by DiXey(6a7 &.12) -~

i
H
i

fbraced experience with the Curtis Hatherop, the

’Billingham, the Kaloroil and the Ransome, all of which

%are low-temperature driers. During the Institute
|

' trials Ransome and Petrie & McNaught driers were used,

i
gthese machines also being of the low-temperature type.

; While the low-temperature type of drier has been
émost generally adopted, the design and method of

~operation has varied. The different models available |

may therefore be further classified according to the

salient feature of their design as (i) tray driers

12



(ii) endless belt driers (1ii) revolving drum driers
and (iv) pneumatic driers. All driers, however, are
fundamentally similar in that they comprise two units,

viz. a furnace and a drying chamber, The furnace may

be oil-,coke-, or coal-fired, but whichever form is used
the construction is no innovation in engineering
practice. It is not surprising, therefore, to find thaL
the efficiency of drier furnaces is generally high. For
example, the thermal efficiency of the coke-fired
furnace of one of the driers used during the Institute
trials was found to be 907, i.e. 1 1b. coke burned in
the furnace supplied heat sufficient to evaporate 9 1b.
rater*.

The important unit of the machine is the drying
chamber, the designs of which are novel and varied.
There are, as previously noted, driers with trays,
machines with rotating drums and others with slow
moving conveyors. In each these different types

creater emphasis is laid on one practical feature than

on others. Although the relative merits of the various

models are matters which every farmer who contemplates

installing a drier must consider, it is not within the
%cope of this report to assess these. It may be
%elpful, however, to deal broadly with a few of the
%ain features of the machines which have been most
ﬁidely adopted.

: A popular type ies the endless-belt drier and the
Ransome-Davies and the Petrie & McNaught are perhaps the

best known models. Their continuity of operation is

® Theoretically 1 1b. coke evaporates about 10lb.water.
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%an attractive feature, and the idea of putting wet
jgrass on one end of a moving band and removing it dry
éat the other end makes an immediate appeal. As Will
§be chown later, however, the high power cost of
ioperating such driers lessens their attractivéness.
Another popular type is the tray drier of which the
Billingham and the Curtis-Hatherop are examples. The
method 6f drying in two distinct stages (pre-drying and
final drying) affords an asdequate measure of control
over the operation; this control is obviously import-
ant where the ratio of surface moisture to inherent
moisture varies greatly as, for example, in moist areas
or where cutting and collecting are undertaken during
wet weather, The Kaloroil Rotary drier has a similar
feature, but employs a two-compartment hopper placed
above a steel-wire mesh drum which incorporates a
mechanical tedder. Pre-drying takes place in one or
other of the hoppers, and final drying in the drum;
once the cycle of operations has been established,
there is continuity of operation with this machine.
Before a eelection can be made, however, other
‘Pactors have to be considered; there are, for example,

i
!

questions of initial cost, ease of control, labour

‘regquirement, fuel consumpt and power cost. The most

éimportant attribute of a drier, however, is its overall

;thepmal efficiency. This index denotes the percentage

éof‘ heat supplied by the furnace which actually
Eevaporates moisture from the wet material. Furnaces,

as already noted, are generally very gdatisfactory, so

jthat the real criterion of the practical value of the
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jmachine is the thermal efficiency of the drying chamber 130
gn practice this is low. Initially the drier has to b
%eated up, and subsequently there are leskages of hot f
air and losses by radiation. Moreover, it is difficul
to avoid some direct wastage of heat in the air leaving
the drier. These losses in the drying chamber may

amount to as much as 407 of the heat supplied by the

Furnace, i.e., the thermal efficiency may be as low as

607. The efficiency of the drier as a whole would in
these circumstances be little more than 507%, i.e., half
of the heat supplied by the fuel would be lost. The

index varies with the type of drier, but Cheveley(14)

notes that 607 1s a reasonable thermal efficiency, and

one which should be achieved in practice. Engineering

tests at the Institute® on the Ransome drier showed

!that a figure of 637 represented the optimum thermal

efficiency likely to be obtained with this type of
|

}drier. This feature of artificial drying accounts in
!

{large measure for the high working cost of the drying
gprocess. As the thermal efficiency is clearly of the
:greatest practical importance it may be noted that the

ERoyal Technical College, Glasgow, is now prepared to

|
‘undertake the examination of the designs and the
}testing of the driers in any part of England and Wales

or Scotland*t.

f* Thermal efficiencies:- Furnace 907; drying chamber
607; drier (907 x 607) 547.

® Sonducted in 1936 by Dr A.W. Scott of the Royal
Technical College, Glasgow, under the direction of
Professor A.L. Mellanby.

+ Full details of the regulations for the testing of
grass driers are given in an appendix to the report
by Roberts(1ll).




(ii) Practical Considerations.

[
|

The labour requirement of a drier is important.
Just as a machine may be classified by its design (e.g.
as a tray drier) or by its working temperature (e,g. as
A low temperature drier), so practical farmers place
Airiers in categories according to their labour require-
ment., Thus a "three-man drier" is one in which two
men attend to the furnace and the drying of the wet
herbage, while a third does the baling or grinding. The
employment of two workers may probably be looked upon

(14) notes that the employment

s a minimum, Cheveley
of three workers probably represents the upper limit for
the general run of cheaper farm driers, although he
adds that on a large farm a "four-man" drier may be

Justified.

A further point arises as to the class of labour

necessary for the successful operation of a grass drier.
l

'he question is a moot one. Some authorities consider
that ordinary farm labour will suffice; others are of
the opinion that for real economy of working and the

production of s high-gquality dried grass a more

specialised type of worker is necessary. Those who

%dvance this view are cognisant of the co-ordination
%hich is necessary batween the workers at the drier.
Since the initial moisture content of the wet herbage
%aries considerably, frequent mechanical adjustments or
élterations in the drying time are necessary to obtain

the maximum output. As the worker feeding the machine

ﬁannot visually assess moisture content, the condition |

of the grass leaving the drier ie the criterion by §
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@hich the rate of input has to be judged in practice.
@hus co-ordination is clearly necessary. Against
{these considerations, however, the view is expressed
[that equally satisfactory results can be obtained with
{ordinary farm labour subject to adequate supervision
éexercised by the farmer himself or his foreman. The
Fdegree of supervision required will depend on the

initiative and reliability of the workers. If they do

not possess the necessary qualities, freguent or even

iconstant attendance will prove necessary. Where,

;however, grass drying is an integral part of farming

|
practice the producer himself may not be able to devote

i
the time required. Moreover, the drying operation is
only one stage in the process, and the field aspect of
the work will also claim his attention. If, there-
fore, the necessary supervision 1s delegated, it will
be necessary ih equity to include a charge in this
respect. Although a number of favourable cost results
undoubtedly reflect efficient management and super-
vision, it is pertinent to observe that in only one of
the published costs available has such a charge been

included=. The producer's individual circumstances

and the type of labour available in his locality will

'undoubtedly influence the labour policy. It is

gpossible, however, that whichever course is adopted the

fcomparative monetary costs for labour will not differ

fappreciably if a charge is made for the necessary

supervision.

¥ Roberts(115 includes a figure of 2/9d. per ton in
'~ one costing as supervision by the farm manager.

|

|
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5 There 1s one further question of general policy
gwhich has been broached by most producers of dried
égrass. This relates to the desirability or otherwise
gof operating the drier continuously during both day
‘and night shifts. Roberts(s) concludes that better
outputs and fuel economy can be obtained with contin-
uous running, though he notes that the rural worker
dislikes regular night-shifts. The real question,

however, is one of practical expediency. At first

sight the matter would appear to resolve itself into a

question of comparative costs. For example, 1t was
estimated during the first season's trial at the
Institute that with higher wage-rates for night work,
the saving in fuel would have been more than offset by

the increase in labour cost. Experience gained of the

gprocess as a whole, however, indicated that the

%dominant factor in the cholce between intermittent and

i
Econtinuous running of the drier was the rate of growth
|

jof the herbage in relation to the acreage of grassland
%reserved. 4 policy which ensures cutting at the

|
. proper stage of growth is desirable, and in practice

'this entails variation in the duration of drier runs

Eaccording to the amount of grass available throughout

i the season. Night-shifts have therefore to be worked

during the periods of flush growth in spring and
1autumn, the former being by far the busiest period.
{

(iii) The Costs of Drying.

(a) Labour.

The guestion of labour requirement at the

;drier has already been discussed; it was noted that
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'the majority of farm driers require two workers and

|
|
|
\
1

|
;

i

. limiting factor; there was a sharp drop in the rate

that the wage rates paid depend on the class of worker
employed. A feature of the 1935 Institute trial was
.the employment of youths and boys, and with two youths
the operating cost was 1/- an hour#. The labour cost

per ton is largely determined, however, by the rate of

output from the drier. With the output of 2 cwt. per |
hour obtained, the labour cost in 1935 was 9/9d4. per
ton of dried grass. Nuring the second and third
seasons two adult workers were employed at an oper-
ating cost of 1/5d. an hour; the drier output dropped,
however, to about 1% cwt. per hour (a reduction in no
way attributable to the class of labour cmployed) and
this resulted in a labour cost of 19/- per ton of
dried grass. While operating costs per hour rose in
the two latter years by 507, the cost per ton was

almost doubled.

The reasons for this were obvious; bhecause of the
increase from 82% to 857 in the average moisture

content an additional 20 cwt. of wet herbage was re-

quired to produce a ton of dried gracs. The thermal

capacity of the machine, however, proved to be a

of input coinciding with the increased moisture in the

wet herbage. The actual amount of wet grass fed per

# Tn 1935 the standard wage in the south-west of
Scotland for agricultural workers not under contract
was 36/-, i.e. 8d. an hour. The operating cost with
adult lsbour would therefore have been 1/4d. an hour,
and the labour cost 13/- per ton of dried grass.
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‘hour fell from 10% to 9 cwt., and the time required
to produce a ton of dried grass rose from 92 hours to
113 hours.,

It is not possible to compare the above results

i
!

|
iwith those at other centres, because in the latter the
costs of labour at the drier and at the baler have been
combined. Although drying and baling are complementary

operations, they are separate processes. Moreover,

jgrinding provides an acceptable alternative to baling,
Eand one that has found favour with an increasing number
fof dried grass producers. It would have been of
advantage, therefore, if labour costs at the drier and
at the baler had been kept separate in other published
costings. A basls of comparison would thus have been
available, not only for drying costs but also for the
cost of baling with various types of machines.

From a general examination of the labour costs at
the drier, it is clear that considerable variations are
experienced in practice. Few, if any, of the
published results were as low as the 1935 Institute

figure of 4/10d. a ton per man employed, and many were

considerably higher than the 1936 and 1937 figure of
9/64. The wage rates paid during the period under
review did not vary greatly from one centre to another.
It is clear that the two most important factors were

differences in the thermal capacity of the various

types of driers used, and variations in the moisture

both affect the rate of
It is

i
‘content of the wet grass;

feeding and thus influence labour costs.

(4)

worthy of comment that in an early published report
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‘it was considered that moist, quick growing areas such
as the south-west of Scotland possessed distinct
advantages as regards grass drying. The Institute
‘results confirm that this is true in regard to the
production of the herbage, but that any apparent
advantage may be offset by higher labour costs due to
the abnormally high moisture content of the wet
herbage.

(b) Fuel.

This point is further demonstrated by a con-
sideration of fuel costs. Most farm driers burn solid
fuel in their fﬁrnaces, and either coke or coal is
used. The »rice per ton varies chiefly on account of
differences in the calorific value, although the
general tendency is towards equality in cost in terms
of heat supplied. | Thus Dixey(v), for example, records
that two driers using coke costing 31/5d. and 38/4d.
a ton respectively both had fuel costs of 20/1d. per
ton of dried grass. Trom the following account of
comparative fuel costs during the Institute trials it
will be seen, however, that the price of fuel 1s not
the critical factor.

The -Ransome drier used coke with a calorific

value of 11,600 B.Th.U. per 1b. The price, including

carriage, was 26/~ a ton. The furnace burned about

1.8 cwt. per hour at a cost of 2/33. The Petrie &

McNaught drier, on the other hand, is designed for use

‘with coal; singles with a calorific value of 15,0CC0

éB.Th.U. per 1b. were used, the cost being 24/~ per ton.

{ The furnace has a larger capacity, and burned 2.4 cwt.
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Eof’ coal per hour at a cost of 2/104. 137

These figures for fuel cost per hour (Ransome 2/3d
and P. & M. 2/10d.) attain no comparative significance,
however, until the respective amounts of water
evaporated are determined. Engineering tests of the
thermal capacities of the Adriers showed that the
Ransome evaporated 41 cwt. water for each cwt. of coke
burned; the P. & M. drier, on the other hand, evap-
orated 6% cwt. for each cwt. of coal. In monetary
terms the cost of evaporating a ton of water was 6/-
(Ransome ) and 3/94. (P. & M.). As the evaporative
capacity is the real criterion of the working
efficiency of a drier, these comparative figures are
of special interest.

In practice the fuel cost for a given machine is
chiefly influenced by variations in the moisture
content of the wet herbage. This is illustrated by
the following table in which a range of moisture
contents is related to data obtained from tests of the
Ransome drier. ¥here field wilting is practised, and
in very dry weather in summer, the moisture content of
the herbage is at a minirmum. At the other extreme,
such as would be experienced under conditions of rain-
fall or heavy dew, the grass contains four times as
much moisture. The figures in the second column

show that the coke consumed in evaporating the moisture

gin one ton of wet herbage rises proportionately. But
. that dbes not reflect the actual position from the

- producer's point of view, for the unit in production

§is the ton of dried grass. Tncreasing guantities of
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Moisture Content and Tuel Cost. 138

(calculated from data obtained during thermal
tests).

i
|
i
!
i
|

!Moisture Coke consumed Wet herbage Coke con- Fuel cost
Content™ evaporating Teguired to sumed in_  peEr tond
| moisture inl produce 1 prcocducing dried

ton of wet ton dried 1l ton of grass+

herbage#® rass dried
4 (cwt.) (tons) wrassj

cht

90 4,2 10,0 42 54/-
80 3.8 5.0 19 24/94.
70 3.3 3.3 11 14/34.
65 3.0 2.9 9 11/94.
60 2.8 2.5 7 9/~

wet material varying from 2% to 10 tons (column 3) are
required to produce a ton of the dried product. The
result is that as the moisture content rises from 607
to 907 the fuel requirement per ton of dried grass
increases no lesé than sixfold. In monetary terms
the fuel cost rises progressively from 9/- to 54/-.
Corresponding'figures for the P. & M. drier indicate

a requirement from 4% cwt. to 27 th. of coaly, with
fuel costs varying from 5/64. to 33/- per ton of dried
grass®. It is clear that, by exerting a marked
influence on fuel costs, the moisture conditions ex-

perienced greatly affect the financial success of the

drying process.

* Based on an average evaporation figure of 4% cwt.
water per cwt. coke.

+ With coke at 26/~ per ton delivered at the drier,

; 3 - 1
' 7 Baczed on an average evaporation figure of 67 cwt.
| .

water per cwt. coal.

j ° 'With coal at 24/- per ton delivered at the drier.

i
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The absolute figures of fuel costs for the .

and 33/11d. per ton. The low cost in 1935 resulted

from a high rate of input and a relatively low moisture;

 Rensome drier for the three seasons were 20/4d., 42/10%.
l
|

;oontent in the wet herbage. The increased cost in
‘1956 was exceptlonal, and mainly due to deterioration
of the furnace#*, The actual fuel costs for the P. & M.
;drler used in 1936 and 1937 were around 35/- per ton

of dried grass.

| Published results at other centres likewise showed
& wide range of fuel costs. Individual variations werd

%also noted; at one drier, for example, the cost in
;1956 was 27/84., while in the following year it rose
to 32/3d.7. It is interesting to observe that the
Sdearest form of fuel used (anthracite at 40/11d. per

ton gave a fuel cost of only 14/4d. per ton of dried

;grass In thlb case, however, the grass was allowed

|
'to wilt in the field, so that the moisture content of

gthe wet material as fed to the drier would be con-

81derab1y lower than normal. The mean of all cost-

1ngs made by D1xey<6 7 & 12) on English farms during

three seasons wag 25/- per ton, while the average of

twelve results recorded by Robcrtq( 5) in 1936 was 24/34;

In considering these results it should be borne
%in mind that the average moisture content of the

Jherbage grown on the Ayrshire coast is probably higher

'than in most other pasture land areas where grass

* The flame dyke of the furnace was badly broken up and
had almost completely closed over the opening from
the Purnace to the drier,

7 Dixey: warm §6.1(1936) snd Farm No.9 (1937).

. ° Dixey(v) Tarm No.l. |
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drying vwas practised, and care should therefore be

' 1935 and 1936 the consumpt varied from 7.5 to 10 Kw.,
| i.e. on an average 8 or 10 units per hour were used.
~ Variations were pr

% damper settings, but it was noted that with a very

' thick mat of wet grass the power tended to fall off.

exercised in applying the Institute figures to estimate
costs for areas where conditions may be different.
(c) Lower.

Electrical power is used to operate the fans
which ¢éraw the hot air from the furnace to the drying
chamber. From published reports it may be noted that
in most cases electricity was available at a charge of
around 1¢é. per unit. Where this was not available

Diesel engines or stationary tractors were used,

although these proved more expensive to run. In 1937
Dixey(v) noted costs varying from 2/64. to 9/8d. per
ton of dried grass where town's supply was available,
and costs from 7/2d. to 17/1d. where Diesel engines were
installed; the latter included provision varylng from
3/44. to 9/6&. for depreciation.

In addition to power for the fans, certain models
of drier with continuous bands or rotating drume
consume electricity for motive power, and this raises
the power cost appreciably. During the Institute
trials with two driers of the continuous band type,
the power costs for the Ransome averaged 15/64. per
ton of dried grass, and for the P. & M. drier 18/-
per ton. Tt may be of interest to note briefly the
experience with the Ransome machine as regards the

electrical power required for the driving motor. 1In

incipally due to alterations in the

i
i



It wae ultimately found necessary to instal a larger
| . .
motor in 1937 with a reserve of power available for

t

driving the machine under all conditions likely to be
;factory, but the consumpt rose to 16 upits per hour,
a figure roughly comparable with that for the P. & M.
drier.

The high power cost of operating continuous band
driers places them at an economic disadvantage com-
pared with tray driers. With the latter the power
cost is low since the necessary motive power for the
trays is provided by the manual labour of the men
already available. The average of 12 costings in 1938
by Dixey(123 gives a typical figure of 5/2d. per ton,
i.e, one-third of the costs noted above.

(a) Repairs.

The Institute's experience with each of the
driers used may be noted briefly. During the first
season repairs to the Ransome were negligible. In
1936 the re-building of the flame-dyke of the furnace
cost £5, or 1/44. per ton of dried grass. During the
third season a new belt was purchased to replace the
second-hand one originally fitted; this, and other
sundry items, cost £5, and resulted in a charge of 1/2d
per ton of dried grass. In addition a concrete plat-

form was laid down at the loading end to facilitate

backing the trailers, but the £4:10: 0d. spent may
properly be regarded as capital expenditure.

The P. & M. drier required no repairs during the

;first season. In 1937, however, the electric motor

lexperienced. The improvement in performance was satisd

v

Ewhich drove the damper was sccidentally burnt out and
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:the replacement cost £5. Repairs to the automatic

gstoker cost £3:10/-; a bearing was renewed at a cost

i

lof £3: 3/~; and £2:10/- was spent on renewing belting.

{The other items were in the nature of experimentsal
frepairs and adjustments#*. Excluding these, a repair

charge of 4/- per ton of dried grass reculted.

i The costings by Dixeyl” & 12)

repairs (drying and baling) averaging 1/5d4. in 1937

included items for

and 1/10d4. in 1938. On individual farms the costs
varied. In 1937, for example, no charges for repairs
were incurred on four farms, while on the remaining
five the costs ranged from 2d. to 5/2d. per ton. On
two farms® £12 and £8 respectively represented repairs
to furnaces; on anothert, repairs to electrical
equipment cost £5.

It should be noted, however, that all the figures
quoted above represent experience during the first few
years of the driers' lives, and therefore may not
reflect the true incidence of repair costs.

(e) Summary of Drying Costs.

The lowest drying cost in the Institute trials
was 45/~ per ton in 1935; in that year wage rates were
low, neither fuel nor power was expensive, and repairs
were negligible. puring 1936 and 1937 two driers

gwere operated, and the figures for those years in the

table below are weighted averages based on the actual

'% Tt should be borne in mind that the P. & M. drier
! used in the TInstitute trials was the first machine
delivered by the makers and several aspects of its
design were therefore experimental.

Dixey(7) warms Nos. 4 and 5.

+ Dixey(7) Parm No.6.
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coutput from each machine.

|
i

Viewing the results as a

whole it will be noted that there was a sharp rise in

{the 1936 costs and a further slight increase in 1937.

Drying Costs.

(per ton of dried grass)
The Hannah Dairy Research Institute.
1935 1936 " 1937
Labour £=: 9 9 £-219: - £-:19:; =~
Fuel l: -2 3 2: 1l: 8% 1:14: -
Power -214: 3 -213: 4 l; =2 -
Repairs -t =2 9 ~: 1: 6 -3 4: -
£2: 51 - £3:15: 6 £3:17: -
Average Moisture
Content of wet
Herbage 827% 887 857

These were chiefly due to the increase in the moisture

content which, as already noted, affected the three

main constituent items of cost. Although the 19356

cost was obtained with an average moisture content of
82%, a figure alightly higher than that experienced

Drying Costs.
(per ton of dried grass)
Dixey and Colleagues.

1986 1937 1928

Labour”® £-:13;: 1  £-:12:11 £-312: 1
Fuel l: 8: 3 l: 8: 4 l: 3: 5
Power -3 8: - -2 5:11 -3 5: 2
Repairs -2 1: 5 -: 1:10
£2: 6: 4 £2: B:s 7T g£2: 2: 6

%in other parts of the country, the result compares

% Abnormal owing to the breakdown of one of the furreces

' ° Two-thirds of the combined lasbour cost for drying and

baling has been estimated as apvnlicable to drying,

i
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 Favourably with the figures obtained by Dixey from
?costings on English farms. It should be noted that

Aevreciation and insursnce have been excluded in

carrivine at these working costs for drying.

§

2. Griniing and Baling.

(1) Alternative Worms of the Dried Product.

be stored on the farm for winter use. Duckham(s)
considered the possibility of storing it as chaff. In
this form, however, it would take up twice the space of

i

gordinary hay, and would be inconvenient to handle even

and be transported any distance it ieg clearly essential
that it be in a compact and easily handled form. Three
poesibilities immediately present themselves, viz,
grinding the dried srass to a meal; baling it under
oressure as is done with hay and straw; or making it
into the cake or cube form in which most concentrated
feeding stuffs are obtainable.

Dried grass can easily be ground into a meal, the
present trend towarés the use of mills of the
impact or swing-hammer type°. These machines are
robust in coﬁstruction and simple to operate. A
popular model of the type most generally used is éhe

Shristie & Norris "Rriton" L27 Grinding Mill#®. This

| machine is electrically driven and has s normal

When the dried grass has been vroduced 1t has to

on the farm. If dried grass is to be sold commercislly

|
I 144
! .

'canscity of 5 cwt. per hour. Dried grass meal occupieg

i

® wor an excellent account of the various types of |

crinfers svailsble see the regort by Roberts(ll). 4
‘*v TVJO lal‘-ger !nor‘“;elg’ the B’? (10 C‘Nt. J’:)(‘I‘ hOUI") &nf',' the g

-

B11 (14 cwt. per hour) were also mate by this firm.



fless than a Tifth of the storage space taken by dried
i

igrass chaff*, but suffers from dustiness. It may be
|

| stored either in linen or paper bags. Wright(sz)

{
!

§notes that 2 or 3-ply paper bagé, which can be sealed
after filling, are much more satisfactory than linen
bags for such hygroscopic material.

For those who desire to store the dried grass in
baled form a number of balers are available for farm
use, In bales the product is somewhat less bulky
than as dried grass meal) and requires barely half the
storage space needed for the same weight of hay. The
bales are held together by bands or wires although it
was found at the Institute that bales made from very
short herbage also require sacking, a precaution which
is specially necessary if the material has to be
transported by road or rail. Cheveley(14) notes that
the ordinary type of hay or straw baler can be used,
but it has one disadvantage, i.e. that the thumping
action of the ram tends to powéer the dried grass,
especially the more valuable leafy part.

It is extremely doubtful if second-hand, large

commercial balers can be satisfactorily adapted for

dealt with. puring the 1935 Institute trial an

opportunity was taken to determine this point, and on

account of the high operating cost (25/9d. per ton, or

use in grass drying except where very large outputs ar%

+ A cubic foot of dried gracs chaff weighs about 4 1b;
560 cu.ft. of storage snace would therefore be re-
quired for one ton. In the form of meal, however,
a ton of dried grass requires about 10C cu.ft. of

ctorage space.

. 7 In baled form a ton of Aried grase requires from 75

tn 90 cu.ft. of stnrage spsce, depending on the
baling pressure usec.

14



510%@. per 75 1b. bale) and the fact that four men were
required, the machine was found unsuitable for the
moderate sized farm. It wés later replaced by a baler
Eof the light, modern type specially designed by Messrs.
EPetrie & McNaught for use in conjunction with their
grass drier=, This machine, which was electrically
operated, cost £190 as against the figure of £200 for

the grinder.
a suitabhle barn is obviously necessary if the product

be provided in the barn for ease of handling. There 1isg
a considerable loss of material in handling bales of
dried grass, especially if they are subjected to rough
treatment. Oheveley(14) assesses thils at as much as
6 1b. per bale; on a 60 1b. bale this represents a
loss of 107% of the output. As noted above it may pay,
therefore, to bag any dried grass which is to be sold

off the farm.

Woodman's original research work on the nutritive
value of dried grass was carried out on samples
compressed in the form of cake. Made on an experi-
mental scale® from young grass from sports field
clippings, the cake occupied about half the storage

‘3pace of bales. The product has not been made in this

form in farming practice.

;?iFor a description of other makes of modern balers for
crass drying see the report by Roberts(1l).

° The pressure used was 8 to 10 tons per square inch.
See the report by Duckham(3).

Apart from the special grass drying plant installeq,

is to be stored on the farm. A block and tackle should
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4 number of producers have had their dried grass
made up for use in cube or nut form. | A small sized
cuber suitable for use on the farm is not, however,
as yet available. In any event it would not be
cernomic to instal such a machine if it Wasvonly to be

used for a relatively small fraction of its potential

therefore generally been done by local provender
millers. In the cubing operation treacle is generally
added, as this serves to bind the material. Dried
grass nuts are more expensive than either baled dried
grass or dried grass meal, but they form an attractive
commodity, are free from 'dustiness', and in rationing
practice their use can be more economically regulated.
Dried grass has been most commonly used, however,
either in the baled form or as meal. Tor poultry
or pigs the dried grass ghould be ground, while for
cattle, sheep or horses the product is sultable in
either form. The decision between a baler or a
grinding mill is & matter of individual preference,
and may to some extent depend on the demand for that
part of the season's output which is surplus to the
producer's own requirements.

? (ii) grinding Costs.

In published reports of grass drying at other

centres no grinding costs are available. Tor the

Instltute trials, a Christie & Norris grinding mill
!was installed in 1936. In that season it ground 60
tons, and in the following season 50 tons of dried

;grass. These figures represented 757, and 577% of the

annual output. vhen dJdesired by the farmer, cubing has

i
i
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‘recpective seasons' outputs, the balance being baled.
% In both years the grinding costs were over 20/-.
iper ton, a figure which must be regarded as high. The
significant feature was the low output ground per hour
(2.6 and 2.7 cwt.) and having regard to the normal
capacity of the machine, viz. 5 cwt. per hour, it is

obvious that the grinder was only worked to roughly

half its capacity. Reference to the data for the

Grinding Costs.
(per ton of dried grass)

Hannah Dairy Research Institute.

1936 1937
Labour £~: B3 2 £-¢ 9: 8
Electficity - 4310 -t 4s 1
Bags -2 710 -3 5; -
Repairs - 1:11
£1: =210 £1l: -2 8

P ]

Output per hour 2.6 cwt. 2.7 cwt.

driers shows that the hourly output of dried grass
from the Ransome was 1.4 cwt. and from the P. & M.

1.6 cwt. It is clear, therefore, that the performance

of the driers was a limiting factor as regards grinding .

output, and that the grinder was mostly run in con-~-

| junction with the driers.

i
i

There is to some extent a practical objection to

ithe obvious remedy which cuggests itself, viz.
?accumulating the dried grass in heaps and grinding it

'intermittently at the full capacity of the mill. The

grass should contain no more than 57% moisture for ease

‘ the warm, dried product 1is generally

. of grinding;

148



taken straight from the drier and fed into the grinder,
It is very hygroscopic and if left lying about too
long exposed to damp atmospheric conditions it quickly
absorbs moisture. To grind the material in such a
state would be a much slower operation and would require
more electrical power. The latter point is well
illustrated in practice when a damp pocket of grass is
fed to the grinder; the steady hum of the machine is
broken and immediately falls to a lower pitch, after
which the power may reassert itself; very wet patches
often stop the grinder completely. Moreover, if
intermittent grinding of damp material were to be
practised the labour coset would rise. By affording
adequate cover and protection from damp it should be
possible, however, to reduce grinding costs materially

by intermittent grinding at freguent intervals.

Some of the latest installations have an auto-
matic conveyor from the delivery end of the drier to
the grinder, but the disadvantage of such an arrange-
ment is that the grinder output is definitely linked
to that of the drier, and the latter is invariably
smaller. Labour cost is eliminated but the power

icost of grinding is unduly high since the grinder is

iconstantly working below capacity. It is clear that

in future grass drying installations, more regard

éshould be had to the co-ordination of drien and grinder

'capacities.
with regard to the constituent items in the
égrinding costs, it may be noted that lsbour was dearest|

éThe figures of 8/2d. and 9/84. per ton in 1936 and 1937

W
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represent about 1% and 1% man/hours labour for each
hour's grinding, a second man being in attendance to
weigh and tie up the bags and to remove them to the
storage shed. Although it is generally stated that
the grinder may be operated by one man, it is necessary
to include the time spent both directly and indirectly
in grinding operations. If intermittent grinding was
done at the normal capacity of 5 cwt. per hour. the
1sbour cost per ton would amount to only 4/- per ton
of dried grass. Tt will be seen, therefore, that
there is ample scope for improvement in organication,
gince this would reduce labour and power costs alike.
Bags proved an expensive item.  The second-hand
cotton bags used cost 4zd. each, and as they held half
a hundred weight the expenditure was 15/- a ton. A
nominal charge for the bags was made in addition to
the sale price, but as this was allowed in full when
the empty bags were returned, the real cost depended
on the life of the bags, i.e. on the usage to which
they had been subjected. Actual experience gave coéts
of 7/104. per ton in 1936 and 5/- per ton in 1937.
No repairs to the grinder were necessary during

the first season. In 1937, however, over £5 was

spent in replacing belting, renewing a set of beaters

i

and repairing the vent; with the moderate grinding

H

output of about 5C tons the repair cost worked out at

'1/11d@. per ton.

1
!
H
i
!
i
i
:

(iii) Baling Costs.

|

'

As already noted, the 1935 output was baled

ne which had not

iwith a second-hand commercial machi
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peen designed for baling dried grass; the costs were

enecially designed light, modern balers. In 1937 a
machine of thie type was used in conjunction with the
P. & M. drier. The output of the latter was, however,
only 1.6 cwt. per hﬁur, a rate at which it took }2%
hours to bale a ton of dried grass. Such an arrange-
ment is obviously uneconomic, especlally with a power
ariven baler costing nearly £200.

Tess expensive balers are, of course, obtainable.
Roberts(ll) notes that manually operated machines on
which bales can be made in 10 to 15 minutes can be had
at £50 or less. Since two men are required at fhese
small balers, the labour cost is higher, a typical
figure being 13/6d. a ton.  On the other hand, the
more expensive balers have a greatly increased
capacity and therafore work at substantially lower

(11) can produce as

costs.  Cne described by Roberts
much as 3 tons per hour. It is clear, however, that
the capacity of the baler must bear some reasonable
relation to the rate of output from the drier. More-

over, the selection should be determined with reference

to the supply of labour available on the farm. The

Etrend in practice has been towards the use of power-
@
§driven machines of moderate capacity, capable of being

|

| operated by one man.
i As regards costs at other centres, it has already
%been noted that most of the figures for bhaling are

incorporated with those for drying, In the reports

therefore experimental and not comparable with those foi

T

by Dixey(5’7 and 12), for example, labour and power
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Zcosts are combined, but as two men were genefally em-
ployed at the drier and one at the baler, a rough
allocation on the basis of one-third of the average
comhined labour costs recorded suggests a figure of
around 6/- for baling lsabour. Banding costs have
varied from 2/- to 3/- a ton. From these figures it
is probable that dried grass has been baled for about
10/~ a ton.

(iv) Comparative Costs.

- Although typical comparative figures for
grinding and baling are not available from actual
results, the following observations of a generai nature
may assist the farmer in making a choice. The
capacity should bear a reasonable relation to the drier
output, and a small grinder or power-driven baler
would therefore be adequate. Wither of these machines
may be operated by one man, so that labour costs would
be of the same order. The advantage in power cost,

however, will definitely lie with the baler, which is

motivated by a much smaller motor. Against this has
i
r
)

to be set the cost of baling wire which, as previously
:ndted, is about 3/- a ton of grass baled. On the
other hand bags are necessary for grass meal but may
be dispensed with if the product is baled for farm use.

‘A saving of 5/- to 7/6d. a ton would thus result, but

this may easily be offset by physical losses due to
érough handling of the baler. The normal output from
;the smaller size of machines is about 5 cwt. per hour,
ébut even this figure is at least twice that of the

}driep, Economies could be effected by accumilating

'a heap of dried grass and operating the baler or
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i
1

igrinder intermittently. The difficulties in this 153
‘respect caused by the hygroscopic nature of dried grass
are less marked in baling. As the capital cost of

the machines referred to are approximately equal,
baling would appear to be the more economical method.

This should, however, be confirmed by practical trials.
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i V. THE WORKING COSTS AND THE RETURN,

il. Working Costs.

(1) Costs during the Institute Trials.

The various stages of the grass drying procesé
ghaving been dealt with in detail, it is now possible
§to summarise the working costs of production as féund
;at the Institute for each of the three years. In the
'table which follows the total costs per ton are noted,
together with the tonnage produced in each season. It
must be emphasised that the figures refer to working
costs and omit depreciation and interest on capital.
The latter have already been discussed in a previous

part of this report.

Working Costs of Production
(per ton of dried grass)

1935 1936 1937
Production of raw material £2: 7: . £2: B: -~ £3: 6: 2
Cutting and delivering

to the drier 1: 2: 6 1: 92 6 2: 2: 5
Drying 2: B5: 1 3:15: 6 4: =-:11
Baling and Grinding 1: 6: 9 1l: =310 1: -: 8
Overheads ~; 1: 8 -3 1:s 1 =3 13 5

£7: 3: ~ £8:14:11£ﬂO:1£;=;
Tonnage produced. 33 80 90

While these figures represent the actual costs
during the practical trials undertaken, certain special
features which have already been noted in discussing
the constituent items suggset that adjustment should
be made if the results are to be capable of general

acceptance, It is obviously tempting to speculate

fon what might have been achieved in cost results if

%conditions and circumstances had been different, In

{

§submitting adjusted figures, however, it has merely
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|
|
|

ibeen assumed that of alternative methods tried at

|
i

various stages of the process, the more economical

would be adopted in future practice. Even with this
explanation it seems desirable to indicate briefly the
underlying reasons for the adjustments made. They are

accordingly given seriatim.

actual figures under this heading has been

Raw Materials The 1937 trial was prematurely

terminated and embraced only four months of the
season of growth. The figures for the two

previous years (47/- and 48/-) reflect the cost
of producing grass from a moderate acreage with
a manurial policy which has due regard to the main
tenance of soll fertility.

cutting and Delivering: While no adjustment of

attempted, it is obvious that the 1937 result is
abnormal by reason of the exceptional difficultieﬁ
experienced with all units comprising the field
equipment. The figures for the two previous
seasons (22/6d. and 29/6d.) have therefore been
taken as typical of the respective moisture
conditions encountered.

Drying: The 1935 figure of 45/- a ton is sub-
mitted as répresentative for drying short,
sﬁcculent grass of average moisture content using
ordinary farm labour with adequate supervision.
The following season was wetter and the costs
therefore higher. Refore the 1936 figure can be
regarded as typical, however, adjustment has to

be made in respect of fuel. This item was
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exceptionally high owing to the deterioration of
one of the furnaces, and the average of the actual
results for the other two years has been taken.
With this adjustment a total drying cost of 66/-
per ton is obtained. The 1937 figure is
abnormally high on account of the numerous delays
which occurred at the drier as a result of the
exceptional 4Aifficulties with field equipment. It
has therefore been omitted.

Baling and Grinding: During the Institute trials

much of the work undertaken in this respect was
of an experimental nature. In the first season,
for example, baling was done on an old commercial
machine, the operating costs of which proved
unduly high. A modern grinder of the swing-
hammer type replaced it, and a light modern baler
was also installed. Both these machines, however,
worked at well below their normal capacities. The
aétual costs results are therefore not represent-
ative of ordinary practice, nor do they indicéte
which method is the more economic. A reasonable
estimate for intermittent grinding would be ahbout
10/- a ton. With baling, on the other hand, the
difficulﬁies arising from the hygroscopic nature
of dried grass are less marked, and it is possible
that if operations could be arranged for working
to capacity, the cost would be about 7/6d. a ton.
This figure has been included in the summary of

amended working costs.

Overheads: The chief item is insurance. This
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generally covers fire risk and workmens' com-
pensation. The value of the latter type of
insurance was well illustrated during the Insti-
tute trials. One of the workers sustained a
serious hand injury in operating the baler which
incapacitated him for a full year, and which in-
volved payment of compensation af 21/64. a week
and a final cash settlement’of £250. On a
seasonal p;oduction of 1C0 tons overhead expenses
and insurances represent a charge of about 1/64.
per ton of dried grass.

Giving effect ta the foregoing adjustments, the followin
figures based on the practical trials indicate the
order of costs which may be obtained and also show the

Amended Working Costs.
(per ton of dried grass)

‘

Moisture content of

wet herbage 827 857,
Raw material £2: 7 - £2: B: -
Cutting and delivering 1l: 2: 6 l: 9: 6
Drying 2¢ 5y _ 3:s 6: -
Baling -2 7: 6 - 7: 6
Overheads -: 1: 6 -3 1z 6

£63 3: 6 £7:123 6
1

range according to the moisture conditions likely to

be encountered.

(ii) costs at other Centres.

§ With a large number of cost results available
i
;from actual practice at other centres it was natural

'to endeavour to obtain a typical figure. Such an

‘estimate was made by Dixey(lz) in his summary of three
For dried

g

éyear's experiences on 27 English farums.
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grass of good average guality the working cost was
computed at about 91/- per ton. A comparison with the
amended result for the Institute trials shows a

difference of 32/74. In the Institute figure two

Institute Trials Estimate by
(amended cost) Dixey(12).

Raw material £2s 7y - £-319: &
Cutting and delivering 1: 2: 6 l: 53 -
Drying and baling 2:12: 6 2: 2: 6
Overheads -: 1: 6 =t 4: -
§§f 3: 6 £4:10:11

items, i,e. cutting and delivering wet grass, and over-
heads are each lower by 2/64. ‘On the other hand the
cost of drying and baling is 10/~ a ton higher. This
may be due partly to the lower moisture content of the
herbage of Dixey's farms and partly to the lower

" joperating cost of the tray type of driers'used. The
significant feature underlying Dixey's estimate is that
it is largely based on data for the Curtis-Hatherop
drier, a machine which, the author states, "maintains
its pre-eminence as the best of the driers in general
use, a position which it haes held consistently since
farm drying has been practiced on a commercial scale'#®,

The item which shows the greatest difference, i.e.

§27/6d. a ton, is the cost of producing the raw material,
EThis arises chiefly in regard to manurial cost, and in
ia previous part of this report evidence is submitted
%hich indicates that thehigher figure is more truly
grepresentative of the cost of producing grass from a

ﬁoderate acreage of grassland having due regard to the
]

= Dixey(12) p.36.

159



maintenance of soil fertility.

I
2. The Value of the Product.

1

(1) The Basis of Valuation.

‘ The nutritive value of dried grass had been
éstéblished by Woodman énd others by chemical anaiysis
énd also by means of feeding trials even before grass
hrying was introduced into farming practice. Watson(as)
*bas shown that the proportion of crude protein forms a
%eliable index of qguality and that both the starch
%quivalent and the protein equivalent can be calculated
%rom it. The crude protein content has therefore
%ecome the commonly accepted criterion of the nutritive
%alue of dried grass. When this has been determined
%y analysis, reference can be made to the current market
%rice of carbohydrate and protein feeding stuffs and
&onetary values for the unit of starch and protein
%quivalent thus obtained.# This basis of valuation has
%egard to both the feeding value an& the. general level
Lf market prices. Various features which it discounts,
%owever, may be enumerated. They are (1) the enhanced
%rice frequently obtained for dried grass on account of
gts novelty value, (ii) its suitability for the winter
%eeding of valuable animals such as bloodstock, (iii)
%he claims that it is a specific against certain

diseases such as white scour in calves, and (iv) its

carotene content.

Much work has been undertsken on the nutritional

importance of carotene, the precursor of vitamin A.

® An explanation of the method of calculation employed
. is given in the Report of the Departmental Committee
on the rationing of Dairy Cows (H.M. Stationery Pfficd).
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|The bulk of the output has, however, been of the

ﬁerbage conserved as dried grass is a relatively

abundant source of carotene, while hay is not. By
feeding dried grass, therefore, winter milk of good
colour may be produced. Though the vitamin content
may be of value in the human dietary, it confers no

commercial benefit on the milk producer, The latter

o

is apt, therefore, to have primary regard to the feeding
value as determined on the basis of the nutrient
content,

As regards crude protein, Woodman's analyses showed
207 or more. In farming practice, however, few results
have reached this desirable standard and 177 is now

generally regarded as Grade I quality. The latter
does constitute a concentrated feeding stuff, 4 1lb. of
which can replace 3% 1b. dairy cake. Only 30" of the
country's output of dried grass has been of this grade.
The intermediate quality with 157% or more crude protein
can be used for cows yielding up to 4 gallons a day.
For example, a typical ration for a 4 gallon cow would

be 24 1b. medium grade dried grass and 8 lb. good hay.

lowest quality, containing 127 or less of crude profein.
This 'super-hay' is not a concentrate; it is a bulky
fodder of which 30 1b. are required for a cow giving
2 gallons of milk a day. This is clear from the

figures below, which show that the protein equivalent
of super-hay is only one-third of that of best quality

|

i
i

‘the various grades of dried grass do not differ

dried grass. It should be noted, nevertheless, that

i
|
!
!
i

appreciably in energy value. woreover, the lowest

grade (S.E. 56 compares very favourably with good

161



Dried Grass

162

‘Crude Protein 257 207 177 147 127
Starch equivalent 85 62 50 58 56 .
Protein equivalent 18.9 14.1 1l1.2 8.3 . 6.3

“hay, a typical figure for which would be 47.
: As regards the value of the product during the
' three years covered by the Institute trials, a

‘noticeable feature was the rise in the general level
;Of dried grass values in each year, parallelling the
Fprogressive'advance in the market price of other
ifeeding stuffs. In 1936 the 127 grade was, for

} Food Values on the Farms
! (per ton)

hried Grass

?Year Beans Maize Good Hay 127 léﬁ 177 207

11935 111/~ 82/- 55/- 80/- 84/~ 91/- 97/-
1036  137/- 130/- 89/~ 104/~ 110/- 117/- 124/~
1937 162/- 138/- 86/~ 130/~ 136/~ 143/~ 15C/-

Eexample, worth more than the highest grade in the
| srevious year, and a similar recult is shown in 1937.

H
1

(ii) Prices obtained during the Institute Trials.

A comparison of the figures below shows that

| grass commanded on the averazge a price of 27/6d. a
ton in advance of its feeding value. The inclusion
of values for Grade I (177 crude protein) dried grass
affords a basis for judging the general level of
quality in the dried grass produced. Initially this

i
gthroughout the period covered by the trials the dried
i
|

5

5 ' ) Average Prices QObteined

‘ (per tomn)

;Year Tons Sale Price Farm Vvalue . Farm Value

i grade T Quality
11935 33 109/~ 80/6d. 91/~

| 1936 80 135/- 107/64. 117/-
1937 90 163/64. 137/~ - 143/-

®0alculated for September of each year.




was rather low. It may be noted, however, that the
gap between the farm value of the dried grases produced
and that of Grade I narrowed progressively from 10/6d.
in 1935 to 9/6d. in 1936 and to 6/- in 1937. In other
words the quality steadily improvecd apart altogether
from the increase in value 3ue to the general rise in
feeding stuff prices. while this result is gratify-
ing, it may be of interest to examine it‘more closely.
| Tn 1935 3C tons were of the 127 grade and 10 of
these were either sooted or partly ecorched. In view
of the brisk demand, however, the average price
obtained was not only 28/6d. a ton higher than the
feeding value of Grade I, but actually higher than the
best quality (25" crude protein) drled grass which
could have been produced. No deterrent, therefore,
faced those for whom “cheaper production was the main
motive, even though it involved gacrificing guality"=».
There was a good commercial field for low grade dried

grass.

The purpose of the trials, however, was not to
exploit such s situation, but to determine the
practicability or otherwise of attaining a consist-
ently satisfactory standard of quality in the dried

grass produced. The early technical difficulties in

the actual drying operation were quickly overcdme and
a marketable product obtained. In 1936 the improve-
ment in quality, however, “as only slight, the bulk of
the 80 tons produced falling chort of the 147 grade.
Although its actual feeding value was 107/66. it

fetched 117/-, i.e. 1/- a ton more than the value of

b Dixey(7) c.4l.
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| sverage vas disappointing.

‘Dixey(lz) recorded that only on three of eleven farms

§ in 1938 was the average higher than 167, 1)
' the general results for 1937 and 1938 Roberts noted

267 dried grases, a return comparahle with that for the
previous year,

In 1937 the resﬁlts were again slightly better in
that 16 tons were in the 177 - 207 category. No less
than 89 tons, however, were of the 147 grade, while
15 tons had fallen to 127. Thus only 187 of the
season's output attained the desired standard. It
must be admitted that this falls considerably short of
the ideal of obtaining a grassland product capable of
replacing impbrted concentrates.

(iii) values at other Gentres.

The following account aiscloses a similar
state of affairs at other centres.

Dixey(6) recorded analyses frém samples of grass
cut in 1936 from May to the end of the grass drying
year. The crude protein fell slightly from May
onwards and reached its lowest level in July; thence
it rose again to October-November. The number of
analyses showing a high protein content was very small
and more than one farmer is stated to have expressed
disapoointment. The majority of samples were between

107 and 147 with an average of asbout 137%. In a

further report(7) dealing with results in the following

yvear a general average of 14.67 was noted. The
extremes were 2,067 and 20.27, but only two samples
contained 207 or more crude protein. Compared with

the standards established, the author noted, the

In a further report

Nealing with
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%that only 307 of the dried grass produced in Britain
was of Grade I quality.

It is clear, therefore, that despite the most
determined efforts to obtain a product of high
nutritive value, the general experience has on the
whole been disappointing. The feeding value of the
iried grass produced on farm driers has proved to be
much lower than was originally anticipated.

5. The Return in Terms of Final Cost.

The prices obtained for the dried grass may now
be considered in terms of the final costs. In the
following table amended working costs# are included,
together with allowances fof depreciation and interest
on capital. The latter charges undoubtedly are heavy
in view of the moderate outputs, but as suggested earlid
in this report the output on an average-sized dairy
farm would probably not exceed 50 tons. Operations on
the 1935 scale are clearly uneconomic with plant costing

over £1,500 for depreciation and interest were one-and-

Return in Terms of Cost.

1935 1936 1937
Season's output (tons) 33 80 90
Working cost £6s 32 6 £7:12: 6 £7:12: 6
Depreciation 6:18: 6 2:¢18: 3 2:11: 9
Interest on Capital 2: 6: 9 -:16: 6 -312: -
RINAL COST 15: 8: 9 11: 7: 3 10:16: 3
Sale Price ' 5: 9: - 6:15: - 8: 3¢ 6
DEFICIT £9:19: 9 £4:12: & £2:12:; 9

i
a-half times the working cost. In the other years

there was a more reasonable relation, those items in

1937, for example, amounting to lese than half the

r

* See p.
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@orking cost. It is significant, however, that in two
bf the years the working costs alone exceeded the return
by a substantial margin.
In his report summarising three year's experiences
%ixey(l2) arrived at a figure of £5: 5: O as the total
cost apart from interest on capital. The author noted
that the dried grass, which céﬁtained about 167 crude
protein, had a feeding value on the farm of £4: 7: 44.
Roberts( 1), on the other hand, observed that it
vas evident that dried grass could be produced for £6
B ton. | He assumed that t he average quality produced
vould contain 17.77 crude protein, and as the 1938
feeding value of this Grade I dried grass was £6: 3: 4d.
he concluded that there was a small surplus in favour

of dried grass.

These results indicate that even in the most
favourable circumstances the level of production costs
only leaves a very small margin of working profit from
which to meet heavy charges for depreciation and in-
terest, and that unless operations are on an extensive
scale, the final cost is likely to exceed the fgeding

value by a considerable margin.

)
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SUMMARY AND CONGLUSIONS,
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SUMMARY AND CONCLUSIONS.

Qur grassland provides the major portion of the
food requirements'of dairy cows during summer. Hay -
making is the traditional method of conserving grass
for winter use, but it is wasteful and yields a product
of relatively low feeding value. Moreover, the
guantity of hay produced makes only a modest con-
tribution to the total amount of feeding stuffs re- .
quired to'ﬁaintain the winter milk supply, and in
normal times the gap is filled by imported concéntrates
Recently, agricultural research has indicated that
artificial grass drying might afford a means of
obtaining home-grown protein in a suitably conserved
form and thus of achieving a greater meéasure of self-
sufficiency on our farms. It remained, however, to
determine the feasibility of such a project on a
farming scale. Largely due to the efforts of the
Agricultural Research Council, interest was soon
quickened and the necessary plant and eqﬁipment readily
forthcoming. The process was launched in agricultural
practice in 1935, but the initial rate of progress was
gquickly arrested.

As the future of grass drying appeared to be in-
separably bound up with the question of costs, a
eritical analysis of this aspect was undertaken. The

main purposes of the present study were to indicate the
practical difficulties facing those who embarked on
|

ggrass drying, and to formulate the problems which had

still to be solved before the process could safely be

recommended for adoption as part of the normal farming

b

'operations on an average sized dairy farm. The data
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%used vere the results of practical trials dove-tailed
but not merged with other farming activities on a
small (120 acres) dairy farm in Ayrshife. The scope
of the trials, which extended from 1935 to 1937, was
restricted to an acreage which cbuld reasonably be set
aside without interfering unduly with the normal
programme of cropping and grassland management.

The report is intended to be informative rather
than conclusive. The introductory review of liter-
ature on the subject of grass drying embraces the
experience of workers both at home and abroad, but the
opinions which they have expressed have been varied.
Indeed, the subject of grass drying costs tended at
times to become almost controversial. It appeared
necessary, therefore, to undertake a comparison of the
Tnestitute's results with those at other centres in
order to elucidate the position and to afford some
measure of reconciliation between results which were
apparently in conflict. It has not been considered
desirable, however, to attempt to arrive at an 'ideal'
cost, nor has any endeavour been made to reach a final
conclusion as fegards the profitableness of grass
drying. On the contrary it has become evident that
no absolute figures can be submitted in regard to a
process which may'be applied under such a wide variety
of local circumstances. The report is therefore a
record of experience rather than a cut-and-dried state-
ment of profit or loss. The two main pPUrposes of the

study have been fulfilled in that the report includes

2 detailed consideration of the factors which have

'influenced production costs snd also contains a

169



diccussion of the practical difficulties encountered.
| The process involves several distinct stages, on
the proper co-ordination of which success depends. It
is essential to appreciate that it will profit a farmer
little if he does well in one phase of the work =nd
fails in another, The effort in grass drying must be
balanced in all its aspects. It therefore appears that
an appreciation of the problem as a whole would make a
valuable contribution to its mastery. This is affordeg
by the following summary in which the salient features
are thrown into sharp relief.

The greatest variations are found in the costs of

producing the raw material. This feature may appear

somewhat surprising in view of the fact that this stage
of the grass drying process is essentially an agric-
ultural'one. It has been shown, however, that the
factors involved are differences in the manurial policy
adopted, in the extent of cultivations undertaken and
in the acreage and type of grassland svailable. These
three factors are inter-related, for in determining a
policy of manuring and cultivations much depends on
the acreage. Thus where the herbage is to be derived
from a very large acreage of grassland, fertilising
may be on a moderate scale. On the other hand, a
policy of intensive manuring may have to be adopted on
a small or medium sized farm, especially if the same
fields are to be reserved for grass drying over several
seasons. It is clearly desirable that in all cases

reasonsble provision should be made to replace the

nutrients removed from the soil. mvidence has been

gubmitted, however, which shows omissions in this .
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;respect, and the resultant low costs at most other 171
'centres are therefore misleading. The consequences
of such omissions are not immediately apparent and are
not reflected in the year's operations, but it is clear
that with such treatment the land cannot be maintained
in good heart. Experience has shown that the true
cost of producing grass in sufficient quantity to meet
the needs of a drier over a full season is much higher

than was originally estimated.

apart from mapurial treatment, the cost resulis

are affected more by weather than by 2ny other factor.

Viewed broadly, a season of alequate rainfall is
favourable in one respect, for good growth is experi-
enced and an adequate yield of herbage obtained.
hrought, on the other hand, recsults in greatly
diminished yields, and during the summer period oper-
ations may even be brought to a standstill for lack of
grass., There is, however, a further implication when
considering the results of a season of adequate rain-
fall. The herbage containg a higher proportion of
moisture, and costs at all stages of the process are
therefore adversely affected; more raw material has to
be produced, cut and carted to the drier, and more.
water evaporated in the actual drying process to produce
the same weight of dried grass. It is essential to
aporeciate that what may appear to be a moderate
inecrease in the percentage moisture content is suffi-
cient to result in a sharp rise in working costs. An

early claim that artificial grass drying would be

independent of weather is thus disproved.

One of the most prominent features of practical




grass drying has been the disappointingly low guality

of the final product. ' It has been estimated that only
'307 of the dried grass was of Grade I (177 crude
Qprotein) standard. The bulk of the material produced

‘was more valuable than hay, but much too low in

protein to be classed as a concentrated feeding stuff,

EIn this respect, therefore, grass drying failed to

I

‘provide the measure of self-sufficiency hoped for in
| .

fregard to home-grown protein.  Thie failure was not

confined to a few producers in one season, nor could 1t
fbe attributed either to unfavourable locality or to

ilack of skill. It represented the general experience
§dver a period of four years and embraced the efforts of
%many ¢apable agriculturists. Thefe can be no doubt,

!

‘however, as to the soundness of the original conception

i
i
i
!

of grass drying; if young grass is cut at the full-~
gleaf stage and properly dried, a final product of

fhigh nutritive value will undoubtedly be obtained. Thi
gis émply confirmed by the fact that the samples of
gdried‘grass obtained during the preliminary small-scale
éexperimental work by Woodman and others were indeed

éprotein~rich. It is clear from the general experience

fhowever, that when the process is applied in farming

;practice there are special difficulties to be overcome.

These difficulties in waintaining the quality of

§the product arise chiefly from the natural vegetative

‘behaviour of herbage. As grass passes from the full-

:leaf to the flowering stage there is a relatively

rapid fs11 in its protein content. In dry weather an

;interval of less than a week may lower the nutritive

" value to an extent sufficient to convert success to
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failure. The majority of producers are aware of this
@anger, yet the fact remains that the bulk of the fresh
érass wvas invariably cut at too mature a stage of
%rowth. The vagaries of weather may be responsible to
éome extent, Moreover, there is difficulty in
%etermining the stage at which thevprotEin content is
highest vhere reasonably frequent analyses of the
herbage are‘not made during the whole of the cutting
seagon. These features are not sufficient, however,
to account for the marked drop in protein content. It
ig pertinent to observe that the ideal standard of 207
crude protein suggested by the results of Woodman's
research proved too high for achievement on a practical
scale, and dried grass containing 177 or more crude
protein was commohly accepted as Grane TI. But even
this general lowering of the standard by tacit agree-
ment enabled less than one-third of the dried grass
produced in this country to be classed as first grade.

The rapid fall in guality is manifestly caused through

delay in cutting. It may well be asked, therefore,
%hy this should have been so general. A consideration
'%f a further phenomenon inherent in grass production
%ill elucidate this problem.

Extreme difficulty is experienced through seasonal

i

variations in the rate of gfowth. Level production of

|

gfresh grass throughout the season is an unattainable
ideal. oOn the contrary, a striking feature is the

remarkable extent to which the spring flush contributes

to the totsl season's output. In one of the Institute

ftrials, for example, practically 607 of the herbage was
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produced Avuring May, and this figure illustrates clearly

ﬁhe magnitude of the task confronting the producer at

this critical period of the year. It will be appreciated,

iherefore, that unless the flush growth can be con-

irolled and all the raw material cut at the young leafy
1

! ,
stage of growth, the success of the whole season's

Work will be jeopardised at the very outset. And this,
| ;
unfortunately, was too often the position, for unfore-

Eeen breakdowns interrupted the heavy programme of

necessary cutting.

]
E
ggtriggtgp;g_gg_tne relatively high cogt of cutting and

bollecting young herbage. Very chort grass pregents

|
difficulties, and for the special machinery designed to.

i
|

Delay in cutting may to some extent also be

%eet these difficulties a tractor is usually essentlal.
%ith high capital expenditure on field equipment, the
charge for depreciation is correspondingly increased.

. Moreover, the continuous nature of the work imposes a
heavy strain on all units of field equipment, and
maintenance has proved more expensive than wags at first
estimated. These items (depreclation snd maintensance),
added to an alfeady high working cost, made the cutting
and collecting of the ydung leafy herbage seem an
goperation by which very little raw material was obt?inéd
lfor a great deal of work and expense, An obvious

course suggested itself. All that had to be done to

halve the costs was to let the grass grow to twice the
bulk. Those producers who had decided on & policy of
subordinating guality to low costs felt inclined,

exercise their discretion by letting the

‘therefore, to
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herbage grow to an extent which would enable cutting
to prove less uneconomic. They were, of course, aware

ithat quality would be lowered, but this was one of

gseveral ways in which production costs could apparently |
be réduced. But time and again this stép not only
failed to provide a remedy, but actually intensified
’the difficulties. Indeed, even at the very beginning
?of the season such a policy invaria?ly proved fatal,
Before the producer realised it, he was involved in a
hopeless struggle to keep pace with the rapid flush
crowth of the‘herbage.

| It is significant to note that all these difficultn*
erise in connexion with field work, i.e. either in the
producticn of the freéh herbage or in its subsequent
cutting. That stage of the grass drying procesé which
constitutes the real innovation in farming practice,
iviz. the operatidn of the drying plant, is the one that

has caused least difficulty. The necessary skill is

soon scquired with experience, and farm workers have on

i

the whole shown themselves both able and willing to
undertake the duties and responsibilities involved.
While practical cost results suggest that reasoconable

supervision and good orgsnisation are desirable, an

'important fact mwust be faced. The general level of

fdrying costs in a season is by no means wholly within

.the control of the producer. In a moist quick-growing

éseason the grass invariably has a high woisture content,
'and the cost of drying such material may easily exceed
‘the feeding value of the product, especially if the

fresh herbage used 1s not cut at the most nutrient stage

3
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iand emphasiseg the features which have influenced costs,

of growth.

g The dried product is too bulky to be used in the {
form in which it comes from the drier, and to facilitat#

storage and handling it is gensrally baled or ground.

There 'is very little detailed information on .the costs

i

'of these processes, but such evidence as is available

|

lindicates that unless arrangements are made for inter-
I .
fmittent operation costs may easily prove abnormally high

éIt would be a distinct improvement if, in future, the

fcapacity of these machines could be designed to bear a

closer relation to the output from the drier.

Thils summary outlines the practical difficulties

It also reveals, however, that in certain fundamental

aspects of the work producers have been at distinct

variance. There has been much enthusiasm and a great

deal of spirited effort, but the lack of a uniform
guiding policy has spelt failure for most attempts in
the past. It séems desirable, therefore, to indicate
the manner in which the grass drying problem was

generally approached.

Although grass, like any other crop, requires

i
!
!

;
i
|
|
i

|

1
i

‘hazards involved. There is uncertainty as regards

fweather and the fear that lack of rain might negative

%the expenditure incurred.

H

i
'
1

‘ness of their decision is open to guestion, their
gattitude is at least understandable in view of the

cultivations and manures for optimum results, the
majority of producers showed a marked disinclination

to incur the expenditure necesesary. while the sound-

mven if a good yield 1s

obtained there ig a risk that unforeseen mechanical
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fdifficulties may prevent the timely completion of the
Eheavy programme of continuous cutting necessary.
E?ractical experience of driers, moreover, has made it
ievident that at present they are quite incapable of
écoping with the variable quantities of herbage produced,
iand failure to achieve compiete utilisation of the
5herbage at the leafy stage of growth nullifies previous
efforts. To the majority of producers, therefore,
-the prudent course seemed to be the curtailment of
manurial expenditure.

With the omission of cultivations and manuring in

%ome few cases, and their drastic curtailment in most
kthers, a vicious circle was begun. The yields of
&oung grass obﬁained were generally of a low order and
in consequence cutting and collecting costs proved high.
The usual attempt to remedy matters by letting the grass
grow 'somewhat longer' was doomed to failure, for the
protein content fell markedly. The advent of the
%pring flush intensified difficulties and the bulk of
the season's potential output of dried grass generally
went to hay. Thie brief résumé of the methods commonly
practiced indicates that from the outset they were

incapable of giving the desired results.

The initial difficulty would appear to lie in

determining an economic manurial policy. There is

5bundant evidence that in a normal season the judicious
use of fertilisers yields results commensurate with
the expenditure. Moreover, a vigorous, dense growth

of young herbage is obtained and cutting costs thus

prove minimal; the latter are naturally of a higher

1



}or ler than in haymaklng, but are justified by the

higher feeding value of the final product. The desir-
gbillty of manurlng is therefore apvparent. There is
ino doubt that if grassland is given suitable manurial
’treatment farmers will obtain an adequate supply of

raw material of the right quality at reasonsble cost.

.to complete the cutting of the whole of the valuable
:
! . ’

crop in the face of the vegetative difficulties already

ggggg. In seeking a solution, an analysis of these
Aifficulties suggests that a well-defined programme is
necessary. As the time element is of paramount
imporinnce, a rotation of cutting would have to be
established at the outset and a regular system of
staggered cuts adhered to subsequently. The essential
requirement would be the cutting of all herbage as soon
as it had reached the full-leaf stage, a feature which
would be a complete reversal of the present practice
of cutting the day to day needs of the drier and leaving
the rest of the crop to become overgrown. During the
flush periods, however, the amount of herbage available

would necessitate continuous operation of the plant

4 major task which still confronts the producer isf
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by day and night shifts. This would provide a measure
of relief, but in spring it is extremely doubtful if
such steps would suffice. Even if worked to its

maximum output, the average farm drier would than be

taxed beyond its capacity. An alternative means of

futilisation must therefore be found.

A satisfactory method of achieving complete

l
l
{
|
i

utillsatlon would be by practising ensiling s an




?ancillagy Process. 'One merit of this oroposal would / ]79

be that both drier and silo would receive raw material
of best quality, a feature which should ensure final (
!proﬁucts of high nutrient value. There is obviously ;
a need in future for the construction of a grass drier 5
which will have a sufficiently elastic capacity to cope!
with flush growth and yetvenab;e grass to be dried ’
economically during the less productive periods of the
season, But even if such a machine were to be made

available, the prudent farmer would, as a precautionary
measure, still have to make provision for ensiling. If
the flush was exceptionally heavy as a rcsult of extremdly
favourable weather, or if there were unforeseen break- |
downs in cutting or drying machinery, he would then be
able to conserve the valﬁable young herbage by a procesd

less wastefui than haymaking.

The need for completing the heavy programme of

cutting envisaged is so urgent as to suggest thatlall

steps taken to ensure uninterrupted working will prove

of inegstimable value. The nature and duration of the

field work should be appreciated; the strain to which
the cutting equipment is subjected is heavier than
that imposed on any other farming implement, and
continues for a period of six months with 1ittle or no
respite. In practice few producers felt justified in

duplicating the special equipment used for cutting and

collecting, and relied on one€ outfit which was worked

continuously. It is not surprising, therefore, that

ibreakdowns were freguent. It ie= important to note
i

]
‘that the loss resulting fr
}

i ; rge for idle ,
'merely the cost of repairs and the charg |

om such breakdowns ‘ig not



glabour in the field. The matter is more serious and !
jfar—reachiﬁg. Grass which .is ready fbf cutting |
becomes less valuable daily. Co-ordination between :
work in the field and at the drier is disorganised, ;

and during the periods the drier stands idle for lack f
of raw material fuel is wasted and further charges for |
idle labour are incurred. Morenver, if the season's
output is seriously reduced as a result of rzpeated
breakdowns, the depreciation charge per ton on plant
and eguipment will rice sharply and may even assume

a figure out of all proportion to working costs. To
avoid such losses attention has naturally been focucsed
on the care of fieid equipment, and regular maintenarce
and annual overhaul were important items. In addition

many producerg considered it advisable to have an

ordinary horse-mower ready for immediate use in an

emergency. It will be appreciated that maintenance may
therefore be expensive, but to reduce costs in this

respect would undoubtedly be a short-sgighted policy

and prove false economy at the .end of the day.

While it seems feasible that the mcasures indicateé
would raise the standard of gquality of dried grass to
the,levei,at which it could replace concentrates, the~
economic aspect must be considered. In this réspect

two points are clear. First, working costs, which are

already high, would in consequence be even higher.
Second, the amount of capital required to provide the
‘necessary plant and equipment results in a heavy charge

for deprecistion snd interest, and if the farmer is to

frecover his outlay these cannot be omitted from the

\costs. . The margin of profit per ton is therefore not
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}likely to be high, and the‘scale of operations
necessary to ensure economic success would involve the
farmer in a commercial venture of come magnitude ih
relation to his normal farming operations. This

clearly prevents the adoption of grass drying on in-

dividual farms of average size aiming only at a policy

of self-sufficiency in regard to home-grown protein.

.In the body of the report, however, evidence has
been submitted which suggests that.in its fundamental
aspects the problem is as yet untackled. But even if
further trials indicate that adhe;ence to essential
principles will maeke artificial drying practicable,
it is clear that no progress will be made until a
capable gracs drier is availasble at a moderate price.
The construction of such a machine, ae well as of the
complementary field equipment, is a task which lies
ahead. If it is accomplished agriculturists may yet
witness the successful revival of the process in the

post-war era, In the final summary, therefore, it

may be stated that, viewed in the light of possible

future dévelopments, the practicability of grassdrying

is still an open issue, and one vital to British

agriculture.
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AFPENDIX T,

FULL DATA OF GRASS DRYING TRIALS.

In the body of this report an attempt has been made

to compare and contrast the results of the Tnetitute
grials with those available from published costings, to
%eterﬁina the factors which have exerted the greatest
influence on cost results, and finally to indicate the
major conclusions and recommendstions arising from the

work, In addition it has bheen felt desirable to

ﬁnclude in this apﬁendix sufficient data to show clearly
&he exact method of treatment by which the cost of the
%érious itemes .has been computed. As the report deals
{ .
in turn with each of the separate stages of the process,
it will be most convenient to follow the same order 1n

submitting the data.
1. The capital Involved in Grass Drylng.

A description of the plant and machinery used is
given in Part T of the report. Table 1 details the
icapital expenditure of £1,55C. The terms of years

taken as the estimated 1life of the various items have
been selected arbitrarily from the experience furnished

|
I

first with the capital involved in grass drying and then

Table 1.
r napital Expenditure and Devr601at10n.
| Depreciation
. Item capital Estimated EAnual 1985 1936 1937
5 “Tost Tife Rate
| : (in years) ] ]
‘Tractor £210 8 1237 226 £2 £2
Cutlift 156 5 ggd 31 3% 5%
Rog 2 - f |
Dricy £10 625 5 207 125 125 125
Drier shed 219 10 107 22 22 22 f
Storage shed 150 20 57 7 7 7 |
Baler 190 10 107 19 - -
Grinder 168 10 107 -~ 17 17 _

22 3 £233
£1,550 2230 £23 233 |




by the trials over the three-year period. The Fixed
glnstalment method has been adopted in calculating
bepreciation.

g Interest on capital for the firstvseéson was
;charged at the rate of 57 per annum on the initial
capitel outlay, and for the other seasons on the written

down (or depreciated) value of the plant. The cal-

culation is shown hereunder.

Initial Capital outlay:

|

|
!

s

basis of 1lst season's interest charge £1550

Less Depreciation: 1lst Season , 230
basis of 2nd season's interest charge 1320
Less Depreciation: 2nd Season __233
basis of 3rd season's interest charge 1087
Less "Depreciation: 3rd season 233
Written down value at end of 3rd season 854 )

The annual charges for depreciation and interest
on capital are stated in Table 2 in terms of cost per
ton of dried grass produced.

Table 2.

Depreciation and Interest Charges.

Season Tonnage Depreciation " Interest on Capital
Pro-~
duced Total Cost per Capital Charge Cost per
ton value at 5% ton

st 33,2 £230 £6:18: 6 £1550 £77:10: -~ £2: 6: 9
2nd 80.0 233 2:18: 3 1320 6H6: -3 - =-316: 6

2. The Production of the Wet Herbage.

It wés noted that, owing to the arrange-

Acreage:

?ment of the Cutlift combine and trailer, the grass

i
;
i
i
i

jcould not be cut close to the field boundaries;

‘a

3ard 9C.0 233 2:11: 9 1087 54: 7T: - -:12: -~

1
i
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; l
margin had to be left uncut at the sides of the fields |
and the corners had to be rounded. The effect of this
on the acreage available for cutting was determined by

an independent surveyor (Table 5), and it was found that

Table 3.

Acreage used during Trials.

1935 1936 1937
Eig}g Gross* Net+ @ross Net Gross Net
A 8.7 8.5 8.7 8.5
D 6.4 6.2
E 7ol 6.9 7.1l 6.9
F 8.7 8.5 8.7 Be5
G 6.2 6.0
H 7.4 7.2
I 8.3 ' 6.1
J 15.0 14.7
J1 - 7.0 _6.8
22.5 21.9 37.7 36.7 37,1 _36.2

4* As measured from boundary to boundary.
+ Net acreage actually cut.
|the reductions were about 3%. The loss of acreage
through the bperatioh of the Cutlift combine is there-
fore not appreciably greater than that experienced in
other similar field work.

Rent: Although the grassland selected for the
trials is owned by the Institute, grass drying was

charged with a nominal rent. This was pased on the

net acreage and fixed at 37/6d. in 1935 and 40/- in

ithe two following years. (The 1935 charge was modi-

i
}

fied as sheep had been wintered on the three fields

ue of agricultural

used). Having regard to the val

1end in the vicinity of the Institute and to the

excellence of the sward on the fields used, these
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figures were considered reasonable for first-guality

grassland.

Table 4,

Rent Charges.

1935 1986 1937
Net acreage 21.9 36.7 36.2
Rent per net acre /6 40/~ 40/-
Rent‘charge £41s~3- £73:8: =~ £T2: 8: =

Liming.

19353 In January 1935 %7 tons shell 1ime (907 ca0)
were. applied to field A. The rate at which lime is
exhausted was taken as 4 cwt. per acre per annum*,

Accordingly, éf the expenditure of £12:12: O the sum of
©3: 9: 6 was charged to the 1935 season and the balance
carried forward. The cost of avplying the lime,
including horse labour, was £2: 5: 4. The total chargsg
was therefore £5:14:10, or 13/2d. per acre limed.
1936: In January 1936 28 tons waste lime (707 Ca0)
were applied in equal proportions to fields F and J1.
The method of determining the cost of lime chargeable
against 1936 is shown in Table 5. The rate of

exhaustion was again taken as 4 cwt. Ca0 per acre.

Table 5.
charge for Lime:1936.

Field Acres 1935 1936 1936 Residual
Resid- Expend-— Charge Values
ualvsle iture

A 8.7 £9: 2: 6 - 23 93 6 £5:133 -
F 8.7 c8: 1: - 1: 8: 6 6:12: 6
| J1 7.0 8e 1: - 1: 3¢ ~ 5:18: -

£0: 2: 6£16: 28 - 263 1: - £19: 3: 6

% The Residual Values of Peeding Stuffe and Fertilisers

(Dept.of Acriculture for Scotland:iisc. Publications
Yo.7).
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In addition to the amount charged for lime there
was the cost of carting and applying it. This 1is
shown 1in Table 6, from which it may be noted that the
average cost was 7/74d. per acre limed.

Table 6.

Total Cost of Liming:1936.

Field Lime Labour  Total Acreage  Cost per

{
|

Acre
A £3: 93 6 23: 93 6 8.7 £-3 B -
F 1: 8: 6 £1314: 7 3: 3; 1 8.7 -t 7: 3
Jp 13 33 ~_ 1: 9: 9 2:12: 9 7.0 . =2 7: 6
£6: 1: - £3: 4: 4 £93 52 4 24,4 f=s T2 7

1937: While no liming was undertaken in 1937,
field T and part of field J had been limedlfor grass
drying in 1936. The residual values chown in Table 7
were therefore chargeable to 1937.

Table 7.
Charge for Lime;1937.

Pield 19%6 Residual 1937 Charge Residual Values

Value _
F £6:12: 6 £l: 83 6 £6: 4: -
J 6:18; - le 32 - 5:156: -
£13310: 6 £2311: 6 £10:19: =

Farmyard Manure.

' 1035: The decision to instal graes drying plant

|was not made in time to have the fields dressed with

farmyard manure for the 1935 trial, as this would
normally have been undertaken in November and December

1934,

1926: Tor the second season's trial, however, it

‘was possible to carry out the programme envisaged.

Work began in August 1935 and by December OvVer 400 tons

of Aung had been carted and spread on the fields, all
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rof which roceived an cgual Aistribution at the rate
of 11 tons per gcre. The manure, which was two years
old and well-rotted, was charged at 8/- 2 ton. The

cost of carting and svpreading includes both manual and

the regidual value of one-half of the cost of dung was
carried forward. On this basis the amount chargeable
Table 8.

wnipenditure on Farmyard Manure:;1936.

Field Tons Dung Carting and Total Charged to 1936
spreading

A 05,7 £38: 5; 7 £5310: 2 £43:15: 9 £24312:11
E 8.1 31: 4:10 4:11; - 35:16:10 20: 3: b
F 95.7 38: By 7 5H:12: - 4317 7T 24:14: 9
G 69.3 27:14: 5 3:11: 9 3l: 6: 2 17: 4:11

J1 7"™.0 30:16; ~ 43 Q3 - 3B5: B2 19¢17;: -
415.8£166: 6: 5£253:13311 21902 -2 4 £106:13: =

was (as shown in Table 8) £106:13: -, which represented
a cost of £2:16: 7d. per acre dunged.
1937: wor the 1937 season 337 tons were available
This was sufficient for an application at the rate of
between 10 and 11 tons per acre on all fields except

I which received a limited dressing.
| Table 9. -

Dressings of Farmyard Manures:l937.

Pield Acreage Tons Tons per Acre.
E 7.1 80 11.8
F 8.7 90 10.3
I 6.3 10 1.6
37.1 337 9.1

.
| To the cost of dung applied (values at 5/- a ton)

——

* As prescribed in the Residual Values of Feeding
Stuffs and Fertilisers.

horge labour. In accordance with the usual practice,®
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!there fell to be added the 1935 residual values for
ifielas E, F and J7 (part ~f J). | 0f the total, one-
half is carried forward as a recidual value. The
laetails are shown in Table 10,

|

| Table 10.

Charge for Farmyard Manure:1937.

Tield 1936 Residual 1937 Value rotal Value Charpged to

Values 1937
E £15:12: 5 £20: -3 - £35:12: 5 £17:16: 3
F 19: 2:10 22:10: - ,41:12:;10 20:16; 5
I 2:10: -~ 2:10: - l: B -
J 15; 83 =~ 39: 5; - 54:13; _  27: 6: 6
£50s 33 & £84: 5: -~ £134: 8: 3 £67: 4: 2

- To the charge for dung thus obtained there was

jadded the cost of manual and horse labour in carting

from the'steading and spreading on the fields. The

latter amounted to £36: 1l: 6d., or 2/2d. a ton.
Table 11.

Cost of Parmyard Manures;1937.

Field Dung Manual Horse Total Cost per
labour labour acre

E £17:16: 3 £6; 7: 6 £3: =3 - £27s 33 9 £3:16: 7
F 20:16: 5 5:13: 2:17:10 29: 7: 5 3y 7 7
I l: 5: - 1: 1: ~'10: - 2:16: 7 -3 9: -
J 7: 6 6 11:16: 5 43 e 43:317:11 2:18:

2£0:18: 8£11: 10£105' By B8 £2:15: 8

AV}

3

)—J
(02}

£67: 4

(1]

The total cost of dunging averaged £$§ 5¢ 3 a ton for
fields E, F and J which received between 10 and 11 tons

ber acre, The low figure of 9/- for field I was the

result of the restricted application of 1.6 tons per

facre, a feature which reduced the average cost for all
1

| fields to £2:15: 8d.

It may also be noted that in 1937 109 tons of
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|
‘seaweed were carted and spread equally on all fields

at a cost of £8: 3: 44., or 4/54. per acre.

| .-
i Tertilisers.

applied are summarised in Table 12.

AN

Table 12.

Application of Fertilisers:l1935.
(in cwt.per acre)

‘ Fields
Fertilisers A D H
Nitro chalk 121 - 12%
Nitrate of soda - 63 -
Superphosphate of lime 3 3 3
Potash salts 2 2 2

The nitro chalk contained 15.5% and the nitrate
of soda 167 of nitrogen; the- superphosphate contained
397 of soluble phosphates, and the potash salts 307 of
soluble potash. The dates of application may be noted
briefly. The dressing of superphosphate and potash
were applied early in April at the rates stated above.
In the same month nitro chalk was applied to fields A
and H at the rate of 6%‘cwt. per acre, and Chilean
nitrate to field D at the rate of 61 cwt. On July'll

second drescings of nitro chalk at the rate of 6 cwt.

per acre were given to fields A and H. No further

fertilisers were applied to field D at this stage. As
the drier was unable to cope€ with the grass available,

sed was dis-

the third dressing which had been propo

pensed with altogether.

;
: As certain of these artificial manures are not
§
|

'exhausted in a single season, the residual manurial

1935: The fertilisers used and the actual amounts

|
|
i
!
i
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|

fvalues weres determined from the ttandard table of

gcompensation for fertilisers anplied.

initr'ate of soda have no residual value, but in respect
Table 13,

Charge for Wertilisers:1935.

1935 1935 Residual Values
Expenditure Charge
Mitro chalk and
Nitrate of soda £87:11: 9 £87¢11: O -
Supervhosphate 10:15: 8 3:11:211 £7: 3: 9
Potagh salts Qs15: 6 4:17: 9 4317: 9
£108: 2:11 £96: 1: 5 £11: 1: 6

of superphosphate of lime and potash salts two-thirds
and one-half respectively of the expenditure was carrieq
forward.

The fertilisers were mixed at the farm,’carted to
the fields and sown by machine. The expenditure is
noted in Table 14.

Table 14.

Cost of Fertilisers:1935.

Field Fertilisers Spreading Total Cost per acre
A £43; 7311 21313: 4 £45: 1: 3 £53 33 7
D 16:10: 2 1: 4 - 17:14: 2 2:15: 4
H 36: 3:.4 1: 4: 4 37 7: 8 Bs 13 =
£96: 1: 5 £4: 1: 8 £100: 3: 1 £4: 9: =

With regard to the costs per acre, the difference
between fields A and H, which received the same rate of
dressing, arises through approximations of 9 and 7%
acrés'ha?ing been taken as the basis of practical
manuring, instead of 8.7 and 7.4 acres respectively.

The reduction in the cost of field D (almost one-half)

:
i
t

illustrates the monetary importance of nitro chalk,A

Nitro chalk and|
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since 211 fields received the full dressings of super-
éphosphate and potash salts,

| 1936: 1In this season the bulk of the fertilisers
&ere applied in early April, a second dressing of 3 cwt.
nitro chalk being given at the beginning of July.
betails are given in Table 15.

Table 15.

Application of Fertilisers:1936.
(in cwt. per acre)

‘ : Fields
Fertilisers A E F G J
Nitro chalk ‘ 8.6 3.0 8.3 9.4 6,9
Nitrate of soda - 1.1 - - 3.0
falcium cyanamide - 1.1 - - -
Superphosphate of lime 3.3 2.2 3.1 3.1 3.4
Potash salts 2.2 1.1 2.1 2,1 2.3

Apart from field E, which received modified

Aressings, the fields received roughly equal treatment.
Details of the expenditure and the amounts charged
to the scason's costs are shown in Table 16. Field A

had been manured for grass drying in 1935.

Table 16.
Charge for Fertilisgrs:lQSﬁ.

Field 1935 Residual 1936 1936  Residual
- Value. Expenditure Charge ~ Values
A £4313: 5 £34:18: 6 £323 1:10 £7:10: 1

| E 17; 6; 6  14:14: 8 2:11:10
F 33311: 7 28:13: 9  4:17:10
G 26:14: 1 23:; 3: 4  3:10: 9

? J1 ' 26: 8s 6 223 13 6 4: Tz -

| £4:13; 5 £138319: 2 £120:15: 1 £22:17: 6

The residuzl values, which were again calculated

?Pom the standard tsbles of compensation, sre relstively
i
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small owing to the high proportion of nitrogenous

fertilicers in the Arecrings given.

The totul cost of fertilising, i.e. feptilisers
plus cost of application, 1s shown in Table 17.
' ' Table 17.

i Sost of Mertilisers:1936.

Field Pertilisers Soreading Total ~ost oer acre.
LA £32: 1:10 22:15: 2 £34:17: - £4: -2 1
B 14:144 8 1:10: 7 16: 53 3 2:15:]0
F 28:13: o 214 £ ale Bs 3 3:12: 3
e 2% 32 4 2:13: 1 25¢16+ 6 4:s 32 3
J1 22: 1l: 6 2:1G: 2 2Ry =1 B 3:11: 6
£120:15: 1  £12:12: 6 £133: T: 7 £3:10: 7

As noted, field E reccived 2 modified dressing.
The otherg reccived clightly different quantities of
nitrogenous fertilisers, and owing to the re¢latively
high price of such wmsnures the cost results showed

some variations.

in Table 18. By the middle of April all fields had
Application of Fertilisers:l1937.

Field
Fertilisers i) 7 T J
Nitro chalk 10 10 12 10
Superphosphate 3 3 3 3
Potash salts 2 2 2 2

received‘5 cwt. nitro chalk, 3 cwt. superphosphate and

1937: Fertilicers were applied at the rates shown

t
i
|
f
|
J
i
i

!
f

|
|
|
|
|

2 cwt. potash salts. During the last week in June all)

i

I

Pields received a second dressing of 5 cwt. nitro chalk.

On August 30 field I received a third dressing of 2'cwt%
|

nitro chalk,

Details of the expenditure are given in Table 19.

fhree of the fields had been used for the previous f

vear's trial and residual values were therefore brought.

forward. with this adjustment, the amount charged wasg

£158:10:104.
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Table 10,
Charge. for TMertilisers:1937.

Tield 1936 Residual 1937 1937 Residual
Ve lues Expenditure  charge Values

E £2:11:10 £31:13:¢10 £29: 1:11 £hs 31 9

F 4¢17:10 40s 2: 2 37¢11: - 7: 92 =

z I - 82:12:10 29¢ -2 7 3:12¢ 3

J 4: 7 - 69 93 6  62:17: 4 10:19: 2

| £1:16: 8 £173:18: 4 £158:10:10 £27: 4: 2

The cost of fertilisers including application, is
detailed in Table 20. '

Table 20.

| Cost of Fertiliserssl1937.

Field Fertilisers Spreading Total Cost per acre
E £29s 1:11 £2:19: 9 £32: 1: 8 £4:10:; 4
F S731l: - 4:18: 9 42; 93 9 4:17: 8
I 29s =2 7 2:14: 6 31:16: 1 5 -3 9
J 52:17: 4 5: 9:10 68: 7: 2 4:11: 2
£158:10:10 £16: 2:10 £174:13; 8  £4:14: 2

The highest cost per acre was for field I which was
dressed with nitro chalk at the hesviest rate.

Cultivations.

1935: The treatment of fields during this season
was limited to removing stones and rolling. For the
latter operation a Cambridge roller was used, drawn by_
tractor. The cost, inclﬁding a charge of }/%d. per
hour for the running expenseé of the tractor, was

£3517:106. or 3/5%d. per acre.

1936: Tn addition to harrowing, rolling and

EPemoving stones, the cultivations of the grass drying

fields included the sowing of special grass mixture

The

seeds on fields E and J7 in September 1935.



expenditure on cultivations is summarised in Table 21.

| Table 21.
i
|

Expenditure on Cultivationss:1936,

| item ‘ Field Total
A E P G Jl

Cost of

seed - £5; 6:8 - - £9:17:9 £15¢ 4:5
Labour : .
sowing - - 741 - - -2 4:8 -212:7
Harrowing,

rolling,

etc. £2:11:2 1314:- £1: =36 £116: 2 2: 1:4 9: 3:2

£2:11:287; 8:7 £1l: -:6 06: 2 £12: 3:9 £25: -2 2

| On the basis of the fields sown being worn-out

| .

after five years, a charge of one~fifth was made and

the balance carried forward. The final amounts charged

were as shown in Table 22.
Table 22.

Cost of cultivations:1936.

Field Total Cost Cost per acre
A £2:11: 2 £=-3 5210
E .83 33 3 -g 8:11
F l: =2 6 -3 2: 4
¢ 1:16: 2 -: 6310
J | 4s 5: 7 -:12s 2
£12:16: 8 £-: 6310

1937: The expenditure on cultivations in 1937 is

thown in Table 23.

Table 23.
wxpenditure on Cultivations:1937.

Piela Seeds Manual Horse Tractor Total
: labour labour cost

E 2-e15: 9 21: -: = £=-3 33 1 £1:18:10
. F 1:17:11 1: -2 4 -2 42 7 3 2:12
I £3:15; - 11: 2: 7 6314: - -3 9:11 22: 1z
g 2, 0: 6 1: 4: 1 =: 9:11 4: 3:'6
% £3:15: -£16: 5: © £0318: 5 £1: 7: 6 £31: 6: 8
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Field I was worn out and it was considered
degirable to plough and sow down with Italian rye
orass. This grass dies out towards the end of its
second season, and one-half of the seeding,cost was
therefore carried forward. The ploughing threw up a
number of stones which were collected and carted away
at a cost of £3: 5: 24. The work in the 6ther fields
embraced only harrowing, raking and rolling. Horse
labour was used for ploughing and harrowing, and the

tractor for raking and rolling.
The amounts finally charged are summarised in

Table 24. RTield E and part of J had been seeded in

1936 when one-fifth of the expenditure was charged,
Table 24.

Cost of Cultivations:193%7,.

Field Seeds Manual Horse Tractor Total Cost

labour labour cost per

acre
E £1:1: 4 £-:17: 4 £1: =2 = £=: 3:1 £3: 1:9 £=:8:8
F - . 117211 1: =2 4 =3 437 332 O -37:3
I 1:17: 6 73 53 - 3:; 9: - -3 9:1 13: 1:5 2:1:6
J 1:19%: 7 2:¢10: 5 1e 42 1 -: 941 63 4s- =38:3

£4:18; 5£12:10: 8 £6:13: 5 £l; 7:6 £25:10:- £-213:9

“

bnd similar amounts were included in 1937. The cost
per acre for field I was exceptionally heavy owing to
the gpecial treatment it received, the total of £2; 1:6

¥

including £1: 2: 8 per acre for seeding and 10/4d. for

the removal of stones.
[3

Allocation of Expenditure.

; . 3
In order to arrive at the costs of production the

{
i

expenditure was allocated in proporiion to the amounts
| Ceas _
bf wet hrrbage used for grass drying, ensiling and hay
|

eking. TDetails for each season are given hereunder.

i

202



1935

»e

Actual weights of fresh grass were not

gavailable, and the tonnages were estimated as follows.
gThe weight of dried grass produced was 33;2 tons, and
!on the bagis of an average moisture content of 827 in
§the wet herbage and 107 in the dried product, the
amount of fresh grass used for drying was calculated as
166 tons. Similarly 5 tons of hay produced accounted
for 25 tons of wet grass. The weight of wet grass

ensiled was taken from the number of loads (approx.

30 cwt. each) hauled from the fielde, and amounted to
)

100 tons. The approximate weight of grass consumed
by grazing on one field was obtained from the number of
grazing days, the number of cows, and the estimated
dry-matter intake per day.  For a cow weighing up to
11 cwt. and yielding up to 4 gallons of milk per day,
a Tigure of 27 1b. dry matter may be taken*, Prom
this 2 1bh. was Adeducted for oats and maize fed as a
supnlementary ration. On the basis of a consumption
of 25 1b. per day, it was assumed that each day of 12
hours grazing supplied 12% 1b. dry matter. The total
dry matter consumed by 26 cows on 46 days was thgre-“
fore estimated at not less than 6 tons, equivalent to
30 tone of wet grass. The total amount of wet grass
obtained from the fields and the proportions in which

it was utilised are summarised in Table 25.

* Rations i ok (Min.of Arric. Bulletin No.48)
'Ant;%ergaogi}zévgizlgge o§ 30/33 1b. is given by Watson
in a tsble based on figures by Kellner, Wood, Woodman

. &and Halnan. Using the latter figure the Welght of

wet crass consumed during the grazing of field D

wnould be estimated at 38 tons.
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Table 25,

Allocation of Grass Production Costs:

1535.
Utilication Wetogg%ss Cost
Dried Grass 166 £77:19: 7
Ensilage 100 46:19: 6
Hay 25 - 11:14:10
Grazing _Eg 14: 1:10
| 321 £1503153 9

vhile £77:19; 7 was thus allocated as the cost of
producing the grass actually uced for artificial drying,
the cash expenditure and the net amounts charged are
Blso noted in Table 26. The latter did not Adiffer
appreciably from the actual expenditure, the deductions
Table 26.

nost of Grass Production:1935.

Expenditure Amount Grass Grasg drying
- charged drying cost per ton

cost
Rent . £Al: -3 - £413 -: - £21: 4: - £-:12: 9%
Lime a 18: 6310 5:;14:1C 2:19: 5 -3 1: 9%
Fertilisers  112: 4; 7 100: 3; 1 51:15:;10 1:11: 2%
Cultivations 317310 3317310 2: m~3 4 -3 13 2%
£175: 9: 3 £150:15:3 9 £77:19: 7 £2: 75 -

for residual values having been made only in respcct of
lime, SUberphosphate and potash salts. It will be
noted, however, that as a result of the method of

n1location used, only one half of the total cost of
producing the herbage on the fields regerved for the

trial was charged to grass drying.

1936: The costs were allocated in proportion to

the weighte of material obtained by grass ¢rying and

1ﬁaymaking,, viz. 80 tons dried grass and AC tons hay.
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iIn Table 27 the actual cash outlay is compared with the
total amount charged to the season's costs after
residual values were déﬁucted. The proportion
allocated to grass drying ic chown in total for the
conetituent items and also in terms of cost per ton.
Table 27.

Cost of Grass Productiongl1936,

Expenditure Amount Grags Drying Grass Nry-

charged cost ing cpst perton
Rent £273: 8s = £73: 8:- £41:18:10 £=210: 6
Lime 19: 6: 4 9: 52 4 Bs 5s:ll -: 1: 4
pung 190: -2 4 106:13: - 60:18¢10 -215: 3
Fertilisers 151:11: 8 133: 7: 7 76: 4: 4 -219: 1

Cultivations 95. - 2 12:16; 8 7:; 6: 8 -: 1:10
£459: 6: 6 £33& 103 7810114 7 £2: 82 =

The total grass drying cost per ton was roughly
equal to that in 1935, although the constituent items
showed slight variations.

1937: As part of the grass produced was utilised
for haymslcing, the costs of production had to be
apportioned on the weight basis shown in Table 28,

B27 being allocated to grass drying. |

Table 28. ’
Allocation of Grass production Costs:1937.

Tonnage produced cost

!
Field Dried Hay <Total Total “Grass Drying.
} Grass
. E 17.2 - 7.2 £70:12: 4 £70:12: 4
| F 95.2 - 550 86:12: 4  86:12: 4
b I 10.7 13.3 4.0 54:19: 9 24:10: 3
Jd 36.9 5.7 436 137; 4: 9 1162 2: 8
90.C 20.0 110.0 £349: 9: 2 2997:17: 7

The amount .of £297:17: 7 thus charged to grass

f the con-




stituent items. The total cash expenditure is also
included, and a comparison with the net amount charged
shows that £72:16: 6 has been deducted for residual

;
values.

Table 29.
cost of Grass Production:1937.
Expenditure Amount Grass Drying Grass Dry
charged Cost ing cost
per_ ton
Rent &72: 87 - £35; H5: = £29¢16: 1 £~z 62 7
Lime -t -3 - 2:11: 6 2: 7311 -z -2 O
Dung ‘ 120: 6: 6 103: 53 8 94:19: 3 1: 1: 1
Seaweed 8: 3: 4 8: 3: 4 6:17: o -: 13 6%
Fertilisers 190: 1: 2 174:13: 8 146:11: 6 1:125 7
Cultivations 31: 6: 8 25:10; - 17: 63 1 -3 3:;10%
£422: 5: 8£349: 9: 2£8297:17: 7 £3: 63 2

The liberal rate of dunging and the relatively
heavy rate of application of nitrogenous fertilisers in

1937 raised the cost per ton considerably.

sSummary.
mable 30 sives the costs per ton of dried grass

for the three years.

Table 30.

Cost of Producing Grass for Artificial Drying.

1938 1936 1937

Rent ' ges12; 9F  £-:10: 6 &-: 63 7
Manures 1:13: - 1:15: 8 2:15: 8%
Cultivations - 1: 2% -:1 :10 -2 3:10%
£2: 7 - £2: 8: - £3: 6: 2

i The results for the first two seasons are roughly .
i o
icomparable. The increase in 1937, as noted, was

fprinCipally que to the high cost of manures, and was

éccentuated by the premature termination of the grial in

éeptember, i.e. before =211 the gracs which the fields
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Were capable of producing in the full season of growth

hzd actually been cut.

3. Cutting and Delivering Grass to the Drier.

| Details of cutting, collecting and delivering

fcosts for each of the three seasons are given hereunder,
%he constituent items dealt with being labour, tracéor
expenses and field repairs.

1935,

Labour: Two men were employed, dividing their
time between field work and traction to the drier. The
farm grieve drove the tractor while a youth stood in
the trailer and forked the grass as it fell from the
elevator so that the load of wet herbage was evenly
distributed. The tractor slso pulled the load of grass
to the drier where it was emptied at the door leading
to the feed end of the machine. It may be noted,
therefore, that the Cutlift remained idle in the field
while the“tractér and trailer were in continuous use,

A total of 340 hours was téken to cut and haul grass
from three fields. | Not all of the grass cut, however,
was dried*. gSilage was made in May and June, and hay
in July. Details of the hours worked by the tractor
are furnished in Table 31.

Table 31 on following page.
Field A was cut 7 times and field H 6 times. After

2 cuts field D was grazed.
The grieve was paid 40/- a week and the youth 25/~

‘and the wage bill for 680 hours was £20: -t

:ehown in Table 32.

i

® See Table 25. The total tonnage

e 2’ as

produced was 321

tons of which 30 were consumed by grazing.  The

{

|

amount cut was therefore 291 tons of which 25 were

used for haymaking.
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Worker Hours Hourly Rateé Cost
' Grieve 340 8%. £12: 4: 4
" Youth 340 51 7315510
680 1/2% £20s -3 2

ltotal number of tractor hours. The ahount of wages

Table 22.
Pield Labour Cost:1935,

As two men were in constant attendance on the

tractor the number of man-hcours was exactly twice the

paid was allocated on the basis of the time taken to
cut the grass used for Arying, ensiling and haymaking,
and details are given in Table 33.

Table 33,

Allocation of Field Labour_ Costs1935.

Hours Total

Grass Drying 536 £15:15¢ 5
Silage 130 3:16: 8
Hay , -14 -3 8: 3
680 £20: -3 2

An amount of £15: 5: 5 was thus charged to grass drying|

Tractor Expenses: The tractor was received from

the works on lst April, 1935. During the ensuing
twelve months it worked for a total of 727 hours on a
variety of farm operations. The total expenditure on
petrol, paraffin, oils and grease was £51:16: 9, the

incidence of which is given in Table 34.

mable 34.
mractor Expenses:;1935.

Operations Tractor Hours Total Expenses
?gi;;gg and delivering st coas Br -
?perating grass baler 147 10; 9: 8
Cther fsprm work 240 17: 2: 1 '

=

.
O

—
1:16

-
-
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While £24: 53 O represented the cost of cutting

able to grass drying.

Table 35.

and delivering the total amount of grass produced

furing the 1935 trial, only a proportion was charge-

The allocestion according to

utilisation wag made on a time basis as shown in

Iable 35.

Allocation of Tractor Expénses for Cutting

Grass Drying
Silage
Hay

Field Repairs:

Grasss: 19358,

Tractor Hours  Expenses
268 £19: 2: 4

65 4:12; 8

7 -:110; -

340 £24: 5;: -

———

The amount charged to grass drying was thus £19: 2: 4.

Mew spars of ash wood were fitted

to the Cutlift at a cost of £2: 9¢ Hd. This was

‘charged whoily to grass drying.

Summary of Cutting Costs:1935.

The constituent

items are summarised in Table 36,

the costs per ton being based on the season's output

of 33,3 tons of dried grass.

Table 36.

. gost of cutting and Delivering Grass to

- Labour

| Field Repairs

1936.

-Labours:

Tractor expenses 19: 2:

the Driersl935.

‘Total Cost _per ton
'£15:15: 5 £-s 93 6
4 -211l: 6
2: 9: 5 -2 1s 6

]
]
e
0
L1
o))

£37: 7: 2

The cutting and collection of grass

l
|
|
|
|
|
|
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:during the 1936 season was again undertaken with the
lcutlift combine hauled by the tractor. There was,
‘however, ﬁo interruption in cutting. When the
’trailer was filled with grass it was pulled to the
“rier by horse labour while the Cutlift assembly
continued to operate with an additional bogey. Three

men were therefore employed.

During this period 52 complete cuts in all were made
from five fields.
‘Details of cutting are given in Table 37.
Table 37 on following page.
It will be noted that the tractor was in operation
for 884 hours and as two men werc regquired on the

Cutlift assembly the number of hours manual labour,

employed carting for 212 hours, the corresponding
figure for horse labour being 254 hours. The total
hours worked in cutting and carting grass, and the
allocation between grass Adrying and haymaking is shown
in Table 38.

Table 38.
Hours of Field Work:1936.

.

Total Grass Drying Hay

Cutting began on May lst and ended on November 3rdl

with the combine was therefore 1768, The third man was

. Tractor hours 884 827 57
Manual lasbour: :

cutting 1768 1654 114

- carting 212 212 -

1980 1866 114

Horse labour 254 254 -

| !
:The grass drying costs in res;oect of manual and horse :

i
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Table 37. | 212

Machine Hours Cutting Grass:iQBﬁ.

Date Days Traotor’ Field
hoursg A E F G Jl

May 1/2 ' 8 |
A | _ 20
° 20

8/11 23

12/13 9 .

14/20 35
25/28 40
29/30 23 170 15

June 1/4 . _ 25

° 11
6 10

10/12 - 33

15/16 | o0

18 | 13

19 | » 148

83/25 15 151 | o8

July 2/4 28 |
6 | 20
8/10 ‘ 25

17 /20 , R 35

21/23 25

24425 15

27/28 o 20 : |

30/31 23 205 o 10

Auvg.l12- ’ _ , . 10
Sept.24
Sept. 3 9 76 66
Sept.4/10 67
11/15 - 36
16/19 33
21/28 63
29/30 22 2157 16

Oct. 3/13 5 47

Nov. 2/3 2 20 20
99 884 185 145 124 196 234

47

* Cutting by tractor drawn mower for haymaking |
(57 hours). | |

J Includes 21 hours cutting by tractor drawn
motor, .




ilabour in the field are shown in Table 39,
Table 39.
Field Labour Cost:1936,

Hours Hourly rate Cost
Manual labour 1866 8fa. £66: 3: 9
Horse labour 254 44, ' 4: 4: 8

£70: 83 5
. - - " ]

Tractor Expenses: As noted above, the tractor

worked 884 hours in cutting grass, of which 57 were in
connexion with haymaking. In addition it was used for
1C6 hours in driving the baler. The allocation of the

expenditure on a time basis is given in Table 40.
Table 40.

Allocation of Tractor RExpensess: 1936,

e

Operation - Hours - Expenses Cost per hour
Grase drying 827 £38:11: 1 1124,
Haymaking 57 2:10; 8 103d.
Baling 106 7:10: 2 1/54.

1990 £48:11:11 1144.

The total tractor expenses included £20: 5:11 for
repairg, of which £11:18: 1 was in respect of a com-
plete overhaul at the beginning of the season. The
tractor cost per hour when supplying motive power for
the baler was 1/5d. (the average cost in 1935).  On
fiéld work, however, the operating cost fell markedly,

indicating that the tractor had been idle in the field

due to repeated Aelays and breakdowns.

cutlift Repairs: £9: 2: 6 was spent, £2:19: 7 on

the mower part of the assembly and £6: 2:11 on the

elevator. In addition £1 was spent on the trailer

and £l: 8: 5 on sundries.
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sunmary of cutting Costs:1936.

The items are summarised in Table 41, the costs
per ton being based on the season's output of 80 tons

of dried grass.

Table 41.
Cost of Cutting and Delivering to the
Drier:1936.
Total Cost per ton

Labour £70¢ 8: 5 L=l 7
Tractor expenses 38:11: 1 -2 9; 8
cutlift repairs 9: 2: 6 - 2: 3

£118: 28 - £1: 92 6

1937.

Labour: The cutlift worked on 74 days, on 12 of
which a horse-drawn mower was used in addition either
to cope with the heavy growth of grass or to replace
the cutlift during breakdowns. On 15 other days the
horse mower was used alone when the Cutlift was out of
action. The number of machine hours spent in cutting
the four fields is shown in Table 42.

Table 42 on following‘page.

At the two cuts egainst which an asterisk has been
placed, the yield of herbage from field I and part of
the yield from J were used for haymaking.  The hours
spent have, therefore, been excluded.  OF the total
of 659 cutting hours applicable to grass drying it may
be noted that 510 (or 777%) were by cutlift combine and
149 (or 237) by horse-mower. The former figure

includes 39 hours work with a hired tractor, the time

worked by the Institute tractor on cutting grass for

the artificial grass °rying trisl being therefore
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471 hours.

The incidence of the manual labour charge on the

|

|

| .
various field e ] S e . ‘

g 1d operations is shown in Table 43, from
|

\which may algo be noted the rates of wages paid.
! ) ’
| Table 43.

Pield Labour:;1937.

Details of Hours and Wage Rates.

Operation Man Weekly Wage Hourly Total
hours rate -_——-
Cuttings - T
Tractor 530% 51/10 113d.  £25:; 7:11
Prailer 510 38/- g6d.  17:13: 5
Horse mower 149 38/~ 8764. = 5: 4: -
Raking grass 351 37/6¢. 87464  11:18:10
Delivering:
By tractor 178 51/10 11%4. 8:10: 8
‘By horse 512 sv/6a. _8A6& 173 9: 5
2230 9id.  £B6; 4; 3

* Includes 20 hours from farm steading
to fields.

The labour costs (both menual and horse) are itemised

by fields in Table 44,

Table 44,
Pield Labour Cost:1937.
Field Hours Manual Hours Horse Total

labour - labour
E £16; =3 6 £1: 3: 1  £17: 3: 7
F 20s 8¢11 ~219:11 21: 8:10
I 12:10: 9 1: 4: 8 13:15: 5
J 37 4 1 5: 435 9 42s: 8210
2230 286: 4: 3  1034% £8:12; 5  £94:16: 8

Tractor Expenses: The Institute tractor was

i

variety of operations, i

employed for 709 hours .on =

details of which are recorded in Table 45.  The totali
s |
of 18 hours under the heading of cultivations has been |

/ 216



included in the costs of producing the wet herbage.

" Table 45,
Hours Yorked by Tractor:1937.

Field Cultivations Cutting Hauling Haymaking Total

E 2 114 12 - 128
P 3 141 16 - 160
I 6% a7 28% 3 105
J 6% 149 121% 21 - 298
c - 18 - - 18

18 489 178 24 709

Haymaking is excluded from the preéent study, as is als
the item of 18 hours spent in cutting field ¢ which was
not included in the grass drying trial. The time
employed on grass drying work was therefore 649 hours
(471 hours cutting and 178 hours hauling), and the
total expensés of running the tractor were apportioned
on this basis. Grass drying was charged/with £31:11:¢9
in respect of the Institute tractor, and £5:14: O for
the tractor hired, The total'of £37: 5: 9 corresponds
to 112d. an hour, indicating that the tractor was again
idle in the field while repairs and adjustments were

being made.

Tractor Repairs: In addition to the running

costs noted above, £19: 9: 4 was incurred in repairs.

The proportionrchargeéble to grass drying (on the baSi%
of 649 out of 709 total running hours) was £17:16: 1d.
| The chronological table (Table 46) shows the time of

occurrence and nature of the breakdowns.
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Table 46.

Time Schedule of Tractor Repairss1937.
tost of
repairs

April 10 Mechanic from works to overhaul
tractor £6: 4: 4
13 Grass drying began; new plug
fitted -: 57 -
May 3 RBreakdown for 2 hours; set of
~new plugs fitted l: =3 -
13 BRroken fan belt - 3 -
14 Trouble starting; < hours lost
19 Trouble with steering; 7 hours
lost - 63 -
26 Trouble with plugs; 2 hours lost;
new set fitted 1 =3 =
Tune 19 Clutch broken 7:11s 4

21/24 Tractor had to be hired
59 Tractor returned after repair to
clutch
30 Breakdown due to starter; tractor
again hired

Aug. 19 Breakdown due to transmission 13162 =
19 0lutch jammed; mWOWEr used -1 H: 1
o1 Burst gasket and trouble with
0il pump -316:10

£219: 9: 4

1t will be ceen that the tractor was overhauled
immediately prior to the commencement of the cutting

season, but in spilte of this mechanical difficulties

were experienced throughout.

Cutlift Repairs: The amount incurred was £37: 4374

The incidence as between the two constituent parts,

viz. mower and elevator, is given ip Table 47.
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Table 47. ‘ 219

Analysis of Cutlift Repairs:1937.

Mower* Blevator
Overhaul to mower £7¢ =+ 9 Rods, wheels and £4: 5: =
sundiry repairs and pinions
replacements 3:10: 5 Roller bearing -: 53 q
Knives and fingers Grease niponles -: 62 -
replaced 8:11: 9 Rrackets 2¢ 3¢ 9
Files and small tools_=:10: 2 Welding frame ~-:10: €
070673 Chain replace=-
£19:18: 1 ments 4: B3 6
: Canvas chute re-
placed l1: 1: 4
. Wooden spars
replaced 3: 8: 4
Carriage on
’ parts -2 9:
Sundries -216: =

*vThis refers to the Hornsby mower
which formed part of the Cutlift
combine,

In addition a sum of £1: 9: 6 was incurred in
blacksmith's repairs to the trailer, while sundry
repairs to the horse mower cost £2: 3: 3. The total
sum involved in the above iteums was £40:17: 4, all of

Iwhich was chargeable to grass drying.

As with the tractor, the heavy expepditure on

repairs to the cutlift justifies a careful study of the

incidénce and causes of breakdown. Table 48 gives in

chronological form detalls of the nature of the

mechanical difficulties experienced. simultaneous

Table 48 on following page.

reference to Tables 46 and 48 chows that there were

iComparatively few days on which an uninterrupted run

could be ensured.

Summary of cutting cocts:1937.

The items under the four main heads have been



May

une

uly

Aug,

April 10

13
26

30

27
29
31

10
14
25
26

10

19
22

23
24
26
29
12
16

18

- nutlift broke down at noon:

Table 48,
Time gchedule of Cutlift Repairs:1937.

Grass cutting began
Tlevator broken: dismantled for

repair 1l: 5:
Elevator returned after repair,

& p.m.

Wlevator breakdown; 21 hours

lost replacing broken rake heads.
Trailer drawbar broken: also chain

trouble with elevator -: 23
#mlevator broke down ©.3C a.m.

R=pairs to chain an? chute 2y 4y
Mower breakdown: 7 hours lost
Jormbine broke down: 6 hours lost
Combine breakdown: 3 hours lost 2: 9:

Rreakdowns 3 hours lost repairing
wocden rakes on elevator -316:

Repairing damaged knives 2 hours -: 2:

Mower breakdown. New part fitted 4:17:

A Cost
Mower sent for overhauls E7¢ =: 9
2 files and one carborundum
Stone . - 3: 9
Elevator sent for overhaul# 4:18: 4

Repairing broken knife, 1 hour 2:11:10

Rensiring hroken knives, 10 hours
Repairing broken knives, 5 hours

Repairing knives, 2 hours ~: 1:

®levator breakdown: taken to
Joiner

Combine broke down at 11 a.m.
(driving shaft)

Combine restarted

Broken knife

cutlift gearing broken. Sprocket
wheel and connecting rod replaced2:13:

cutlift restarted

Trouble with the Ccutlift, time

lost
1 " t " 2 hours lost

1 1] " "
cutlift taken to blacksmiths
horse-mower in use ]
Divide of cutlift now repalrgd -
Adjusting knife bar: 5 hours

lost

horse-mower 1in use instead
Broken knives: 3 hours lost

ae o®

[
0

.. *e b

3

1)
&
RS P
N

=,
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Aug.

"

"

Table 48. (Contd.)

26 Broken knife, spring guard
Sept. 1 CZombine not work

ing well;
etoppages

3 Mower not working »roperly; sent
for repair

10 Mower back after repair; still

not working

£37y 42 7

: These items refer to the constituent parts

of the Cutlift combine viz. mower and elevator,
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summaricsed in Table 49, the costs per ton being cal-

culated on the season's output of 90 tons of dried

‘lgrass.
Table 49,
Cost of cutting and Delivering Grass
to the Drier:1937.
Total Cost per ton
. Labour £94:16: 8B £1: 1: 1
Tractor expenses 37: B5: 9 -: 8; 3%
Tractor repair 17:16: 1 - 3:11%
gutlift ané other

repairs 40:17: 4 -: 9: 1

. £190:15:10 £2: 2: 5

As two different methods were employed in cutting

the comparative costs of cutting by cutlift combine an

by horse mower. The detailed figures are given in

the herbage, the éXpenditure has been analysed to show

222
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Table BOC.
| Table 50.
Comparative cutting Costss1937.
cutlif't Horse motal
combine MOwer
Labour £52s By 2 £33:18: 1 £86: 4:9
Horse labours 2:12:11 5:19: 6 8:12:?
Tractor running expenses+ 28:12: 3 8:13: 6 37: 5:9
Tractor repairs+ 12:18: 3 4317310 1731631
Repaire to implements 38:14; 1 23 3: 8 40:17:4
£2135: 3: 8 £55:12: 2£190: 1510
Weight of grass cut »
(in Tbs. dry matter) - 122,488 79,120 201,608
Josts per ton:
Cutting and delivering
grassg 30/7 o7 /4 29/3
Tractor Repairs 4/9 2/11 4/~
| Repairs s equip—~
| ngntrs to field equip 145 1/3 o/1
49/6 31/6 42/4

[ Mo e -

* Eorse labour vag used (a) 1n €O
1ift operations to cart the gre

P S RN

njunction with cut~
cs to the drier and

(b) for the horge-mover and Lorse-rake, traction to

! the Arier being by tractor.
v e~ -— . = P

fm o hArse-moasing - ince the



Tt will be seen that under the conditions
¢xperienced, the cost of operating the Cutlift was at
least half ag much again as the cost of cutting by
horse-mower. The costs of the former include, however,
hWeavy items for the repair of the tractor and Cutlift.
When thege two items are omitted the actual costs of
sutting and delivering grass by futlift combine or by
horse mower are roughly egual.

weight of Herbage Produced: The method of

Hetermining the weight of wet herbage produced in 193
and 1936 has slready been indicated.  To afford
complete and reliable data, however, it was considered
Hesirable in 1937 to work on the basis of actual
reirhts. Accordihgly, 211 loads hauled to the drier
Eére weighed on the farm steel-yard. The results are
stated in Table 51.

Table 51.

weight of Cut Grasss1937.
(in 1b. dry matter)

cut rield ‘
Yo. E 7 I J  Total
1 16,500 14,800 2,702 3,808
2 5,000 18,850 29,792% 57 ,956%
3 5,258 3,050 2,027 6,584
4 2,406 1,172 4,302 6,325
5 9,497 7,569 1,894 3,581
6 - 4,573 9,957 8,198
7 - 6,418 3,091 11,128
Total f v
cut 38,661 56,422 53,765% o7,580% 246,428
Yield per
net acre _
(cut) 8GC.C 59.8 78.6 59.3 60.8
Equivalent
acreage
cvt7g 34.5 59.5 %6.6 95.2 225, 8
Yield per
equivalent
a .
oS ot 15.1 9.1 9.7

* The whole of the second cut frow field I and part
of the second field J used for haymak1ng.

to denote an acre
3 ie cut 3 times,

cwt.1C.C 8.5

7 The term 'equivalent acre' isused
cut once; thus if a 10 8¢T€ fiel
30 eguivalent acres have bheen cut.
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i |
| - R24
| 4 total of 246,428 1b. dry matter (11C.0 tons) |
was obtained, although when the trial was terminated ini
September there was still plenty of grass on the fields,

i

5

The yields for individual fields have been stated in
terms of net acreage, this being the area from which |
. the herbage‘was actually cut. ‘he average was almost
61 cwt. per acre, the highest yield of 78.6 cwt. per
acre being from field J which had been ploughed and
sown down with Italian rye rrass. A The acrespe yield
per cut has also been given, but it is obvioﬁs that
this ie of little practical significance owing to the
seasonal variations in the rate of growth.

The amounts of dry matter obtained per acre from

the first cut of each field in 1937 are given in

Table Hh2.

vields from Wirst Cuts:1937,
(in 1b. dry matter)

Field Date of Yield Acres Tirst cut vield per
cutting (1Ib. ) (net) yield per acre
acre (total

season)

‘I  April 13/14 2702 6.1 44.3% 8814
J  April 14/15 3808 14.7 259 6638

"R April 256/ :
nay 5 14800 8.5 1741 6638

E May 6/1C 16500 65,9 2391 5600

% Seeds grass (Italian rye grass). There
wag no difference in the botanical com-
position of the herbage in the other
fields.

The first cut yield per acre obviously bears no

relation to the total yield for the season. This is

illustrated by the figures for field I which produced

only 4 cwt. at the first cut, although the total yield

of 7 cuts for the season was 78.6 cwt. It‘is
significant to note that, with the exception of field I

Iwhich receivedycultivations, there was a progressive
gpecial




;rise in the yields as the interval from the start of
cutting extended.  After two days work in field I

cutting was continued in-field J. Thirteen days had

it was not until the tWenty third day‘of the cutting
season that field E was diéposéd of. |
Some indication of the influence of delay in
cutting on the working costs is afforded by the figures
in Table 53,

Table 53,
cutting Costs - First Cutss:1937.

Field Yield Expenditure= Cost per Total season
(1b.) ton cost per ton

I 2702 £2: 62 3 34/8 36/~

J 3808 - 2: 9: 4 29/~ 30/ =

® 14800 6:¢19: 6 21/1 24 /%

R 15500 B -2 2 13/7 28/-

# Manual labour, and tractor expenses.

i

It is obviously more expensive to cut very short
young grass, #s there is a progressive fall in costs
for herbage cut at later stages of growth.

Summary of Cutting Costs: Tor comparative

purposes, the costs per ton for each of the three years

are ststed in Table 54, A
Table H54.

costs of Cutting and Delivering Grass to
the Drier. '

1935 1936 1937
Labour £-; 9: 6 £=-217: 7 £1l: 1: 1
Tractor expenses -:11: 6 -: 9: 8 ~-:12: 3
Field repairs -: 1: 6 -1 2¢ 3 -3 95 1
£l; 2: 6 £1l: 9: 6 £2: 23 5

The following brief comments may be made. As
regards labour, the policy in 1935 was to employ youths

and boys, while in the following years experienced
i

elapsed, however, before work was begun in field F, and
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édult workers were engaged, Repairs to field equin-
gmont proved heavy and the progressive rise in the cost
oer ton reflects the Aifficulties experienced with
continuous cutting of heavy yields of wet grass. The
shrolute Pipgureg of expénditure afford additional
emphacis to this point, and are accordingly submitted
in Table 5%, together with each year's expenses
itemised as percentages of the total for the entire
oeriod of the trial.

Table 5F,

Summary of Ixpendliture on Pield Repairs.

1935 1936 1937 Total

Amount 7 Amount % Amount T, Amount 7

Tractor ' £20: 5:11 21 219: 9:4 20 £39:15:3 41
cutlift £2: 9: & 3 9: 2: 6 11 37: 4:7 38 48;146 52
Trailer 1t =2 - 1 1l: 2:6 2 2: %6 &
Horse-mower l: 8: 5 1 2¢ 3:3 3 3:1]:844l

5 8 £31:16:10 34 £60

A
[T

d§2: 9

6:8 63 £94:12:11 100

Utilisation of Herbage Produced: It has been

noted that in each of the three seasone only part of
the fotal amount of herbage cut wag utilised for
artificial drying. The method adopted has been to
allocatevthe tctal costs qf producing the grass to
grass drying, ensiling, haymaking and grazing in pro-
portion to the weights utilised by these different
ﬁrocesses. To afford an ohjective review of the
results, the proportions of herbage used each season in
lerase drying are stated in Table 56,

Table 56 on following page.

Over the period ~f the trial 6357 of the grass

broduoed was artificially dried. The percentages for

the individual years, however, are not without interest.
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'In 1935 one-half was either ensiled or wmade into hay;
in the following season there was a slight improvement,
i
despite incrueased mechanical difficulties. In 1937, |
' !

aowever, fully four-fifths was artificially Aried,

horse-mower in cutting.

Average Yieldg dufing Trial: The average yields

of herbage for each season are given in Table 57, and
are in respeof of the total amounts produced, i.e.
Table 57.

Yields of Herbage Qbtained.
(in tons per acre)

Wet Herbage  Average lMoisture 107 Dry

, content matter
1935 15,66 827% 3.13
1936 22.89 857 3,81

1937 18.69 ‘ 857 3.12

inclusive of herbage uced for haymaxing, ensiling and
grazing. The influence of moisture content may be
noted from the fact that although the yield of wet

herbage in 1935 was 3 tons per acre less than in 1937,

yet in terms of 107 dry matter thé results were equal.

Nitrogen Pecovered: In view of the liberal dress=

ings of nifrogenous fertilisers, as well as of farm-
yard wanure, which had been given during the trial, it
was considered desirable ﬁo determine the percentage
of nitrogen recovered in each season. Netails are

given in Table 58.

largely due to the employment of both cutlift combine aﬁﬁ
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Table &8.
Amounts of Nitrogen Applied and Recovered.

1938 1936 1937
1b. - 1b. 1b.
4oplieds
Nitro chalk 1371 4773 6809
Nitrate of scda 1176 516 -
Cslcium cyanamide S - 176 -
Dung - 1404 2589
2547 6868 9398
Recovered:
Dried grass : 1452 3727 5320
Hay 161 1935 580
Grazing o 430 - 876
Silage 875 ~ -
: 2018 - 5662 B7'76
PércentageArecovered 1157 82% 727

~Although the rates of application were higher
than those used in normal grassland management, the

results indicate that the policy adopted was not an

i

unreasonable one.

4. The Cperation of the Drying Plant.

(1) artificial Drying.

1935: The installation of the Ransome drier was
not completed until the middle of May. Drying
commenced on kay 16 and was carried on intermittently
until November 2. Between these dates, however, the
drier was running on only 30 days for a total of 325
hours. The costs are given as the heéds of labour,
fuel, power and repairs.

Tabour: Two men were normally in attendance at
the driér. One spread the wet grass evenly on the
conveyor by hand, and was also responsible for stoking

the furnace when necessary (about once every guarter

-0of an hour) and for regulating the air temperature.

jor - ! |
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ﬁThe other removed t.e dried grase at the delivery end,
carefully examining for damp patches of grass and
removing stones and occaéional patches of caked earth.
This man was also resoonsible for stacking the dried
grass in an adjacent shed ready for baling. Table 59

gives details of the labour costs incurred.

~

: Table 59.
Tabour Zost at the Drier:1935.

Wages —
Operation  Worker Hours Weekly Hourly Total Rate
' Tt
. hour
Peeding and
stoking Grieve 20 40/~ 83a.
Labourer 38 36 /- 7784
Youth 42 25/~ 5id
Youth 228 20/~ 4%
Boy 17 15/~ 3?%&
345 51d. £7:10; 1 5%d.
Removing and .
stacking  Youth 193 25/- 5%d.
Youth - 11 20/- 4%a
Boy 284 15/- 376,
488 41d, £8:15: 2 6%d.
833 433.£16: 53 3 1/=

An outstanding feature of the 1935 lafour costs
was the low rate of wages and consequently the low
labour cost of 1/- for each hour the drier was run.

Fuel: In the Ransome drier coke was used as fuel,
and the details of consumption are given in Table 60.

The drier was run about 11 hours a day, an hour being

spent in warming up the machine. The price of coke

was 25/- a ton, including a charge of 3/- for cartage.
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Table 6C.
Tuel used by the Drier:1935.

Hours ' Joke Burned Fuel cost
Total Dailly Total Per Hr. Total Per Hr
average  (cwt) (cwt)

S iiaithad &+ Bad
gtarting up |
time 33 1.1 - 6C 1.82 £3¢ 9:11 2/].43
Procductive :
time 292 e.7 586 1.80 30: 3:11 Z/O.Bi
Running time 325 1C.8 K86 1.8C£33:13:10 2/0.9%

Powery F®lectrical power for the 5riving motor
was charged at 24, e unit, and the machine consumed
abqut 9 units an hour. The power cost was 1/5%4d. per
drier hour and the power cost for the season, in-
‘eluding meter rent, was £23:12: 6.

Repairs: Repairs to the drier were negligidvle,
minor adjustménts to the galvanised cheeting costing
£1: 5: 2d.

Summary: The season's expenditure is itemised
in Table 81, the costs per ton being calculated on the
sctual output of 3.2 tons of -dried grass.

Table 61. \
sumnmary of Drying Costs:1935.

Total Cost per ton

Labour £16: 5: & £~: 9: 9
Tuel ' 33:13:10 l: -: 4
Povier 23:12: 6 -314: 3
Repairs 1: B 2. =3 =4 9

274316: 9 £2: 5: 1

10%6: The Tetrie & McNaught drier installation

was complsted in June 1936 and the machine worked in

conjunction with the Ransome drier for the remainder

~|lof the season.




| Labour: Detaile of the labour cost of running
qu two driers are given in Tabvle 62. As with the
Fansome drier, two men were employed at the Petrise &
McNgught mschine.  One spread the wet grase evenly
| Table 52.

i Lavour Cost at the Driers:1936. |

Man Hourly Cost of Machine Labour cosﬁ

hours rate labour hours per maching

. hour !
Ransome 989 8.74. £36; 63 - 504 1/5.38.

Petrie &

icNgught 1094 8,74, 39: 6: 3 547 1/5.44a.
2083 8.75. £75:12: 3 1051 1/5.44.

on the conveyor by hand. At the other end of the |

nachine the second worker removed the dried grass by
raking it on to the floor; this worker was also re-
sponsible for attenﬂing to the furnace, shovelling coal
in singleg size into a howper from which 1t was fed
automatically to the furnace. The latour cost per
machine hour was 507 wmore than in 1935 due to the employ
ment of adulte as against youths and boys.

Tuels The furnace of the Petrie & McNaught drier
is designed for use with coal. Table 63 gives f
details of the fuel consumption and costs for each
machine. The price of coke per ton:included 4/-
cartage, while 2/44. per ton for carrisge was included

Table B3.
Tuel used by the Driers:1936.

Fuel burned Fuel cost
Mechine Total Per Hr. Price Total Per Hr
hours (cwt) (cwt) per
ton
Ransome 504 1373 2.72  26/- £89:12:;1C  3/-
Petrie &
McNaught 547 1377  2.52 23/4 77: 43 6 2/11
1051 2750 2,62 24/8£166517s 4 3/~
in the price of coal. The amount of coke burned per

hour by the Raneome showed a sudden increase of 507
over the previous year, and it was ultimately dis-
covered that the flame dyke of the furnace had broken
.up badly and had almost completely closed over the

opening from the furnace to the drier,

o
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Eower:  Ae in 1935, the electrical company's

power was available, The charge per unit, however,
was reduced to 1.0443. The details of consumption
rand cost are given in Table 64.

Table 64,
Power Cost at the Driers:1936.

Machine Total 'fotal

Cost per Hour
hours consumpt cost
(units)
| Ransome 504 5040 £21:16: 9 10%4.
Petrie &
McNaught 547 7111 303163 4 1/4%4.
1051 12151 £52:13: q 1/1%d.

It may also be noted than an account of 17/- for
electric light burned on night shifts was incurred

and allocated thus:~ Ransome drier, 5/-; Petrie &

McNaught drier, 5/-; Grinder 7/-. A sum of 10/~

was therefore added to the drier costs.

Repairs: An amount of £63 4: 9 was spent of

which £8: 7: 2 was for the repair of the Ransome
furnace.
Summary: The constituent items of cqst in the

drying process are summarised in Table 65.

Table 65.
Summary of Drying Costs:1936.

Total. Cost per ton
Labour £75:12: 3 £-:19: -
.Fuel 166317: 4 2: 1: 8%
Power & light 53s 3: 1 -313: &%
Repairs 6: 4: 9 - 1: 6
£301:17: 5 £3:16: 6
1937: 4s the Rancome drier had been installed by

the Agricultural Research Zouncil, the policy adopted

. was to use it regularly throughout the season, and to
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%operate the Petrie & lMcNaught drier only during the
iflush periods when the amount of grass available
exceeded the capacity of one machine. fhe actual
number of shifts and hours worked by each drier are
|shown in Table ©6.

Isble 66.

Hours Worked by the Driers:1937.

Shifts Machine Hours
Month Day WNight Total Day Night Total

Ransome Drier.

April 5 - 5 44 - 44
May 21 5 26 214 60 274
June 18 3 21 166 35 201
July 15 6 - 21 127 66 193
August 21 - 21 250 - 250
sept; 2 - 2 20 - 20
82 14 96 821 161 082
P& M. Drier,
April - - - - - -
May 12 12 24 109 133 242
June 2 - 2 10 - 10
July - - - - - -
August 1 - 1 14 - 14
Sept. - - - - -, -

15 12 27 133 133 266

1

Lebour: The total labour cost was £8§:16: 8 and
the relevant details are given in Table 67. The
labour employed was paid at rates varying from 10%%5,
to 8d. an hour (45/— to 56/-'per week). The labour

cost per drier hour was roughly equal to that in 1936.
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Table 6%7.

Lgbour Cost at the Drierss 1937.

Man Hourly Iabour Machine ILgbour cost

hours rate cost hours per machine
. ‘hour
Ransome 1711 9%d £65.14. 7 932 I7Z29
Petrie &
McNaught 555 834 20. 2. 1 266 1/5.84
2266 94 £85.16., 8 1248 1/4.5d

Fuel: Gaswork coke at 23/4 a ton plus 4/- cartage
was used for the Ransome, and singles coal at 21/9
plus 2/4‘carr1age was burned in the Petrie & McNaught,
It may be noted, incidentally, that in detérmining

the amount of fuel consumed, due allowance was made for
stocks in hand at the beginning and end of the season's
drying operations. The fuel consumption and costs were
as stated 1n Table 68.

Teble 68.

Fuel used by the Driers: 1937.

Machiné “"Fuel Burned Price Fuel Cost

hours Total Per Lr. per Tobtal Per Hr.
(cwt) (cwt) Eon

Rensome 1061 1887 1.78 27/4 £126. 1.11 2/4.54
Petrie &
McNaught 266 593 2,23  24/1 36, 6. 7 2/8.8d

1327 2480 2.00 25/8 £162. 8, 6 2/6,.5d

While the figures in the foregoing table represent
the actual costs and amounts consumed, an adjustment
requires to be made in respect of coke used by the

Ransome in drying grass from fleld C which was not

" Mneluded in the trial. The time taken in this latter

work was 79 hours, and the total fuel cost for the

Rensome drier (£126. 1.11) was apportioned on a time
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‘basis, viz. 982 out of 1061 hours were charged to the
grass drying triasl. The édjusted amount chargeable
was £153. -, 8d.

Power: The amount and cost of electrical power
used for the two driers are shown in Table 69.

Tab:le 69,

Power Cost at the Driers: 1937.

Machine Consumpt per Total Cost Cost per hour

hours hour
(units)
Rensome 1061 16 £74.10, 6 1/54
Petrie & '
McNaught 266 17 20. 4.10 1/64
1327 33 £94,15, 4 1/5%4

As with fuel only a proporﬁionate smount of the
power cost tncurred by the Ransome drier (on the basis
of 982 out of 1061 machine hours) was chargeable to
the season's grass drying, i.e. £68.19. 8, The net
cost of power for the two driers was therefore
£89, 4. 6d.

It may also be noted that during night shifts an
account of £1.13.11 was incurred for electric light.
Of this £1. 2. 2 was chargeable to grass drying and the
remainder to grinding and baling.

Repairs: Both machines required repairs during
the season. The expenditure amounted to £35. 3. 2,
and the details for each drier are noted separately

in Table 70.




Table 70.

Repairs to the Driers; 1937.

Ransome Drier,

Cement work on unloading platform £4.10, =

Belting ‘ 4, 6., 6
Sundry replacements -.,11.11 £9. 8. 5°

P, & M, Drier,

Electrical motor replaced £5. 1. 6
Belting replaced 2.ll, =
Bearing replaced 3¢ 50 9
Auto-stoker and furnace door
repairs 3.11. 2
Mechanical tedder repairs 3. 7 5 17.14.10
" Labour (semi-skilled) on repair
to conveyor belt 7.19,11
£35. 3, 2

Sumarys The constituent items are summarl sed
in Table 71.
Table 71.

Summary of Drylng Costs: 1937.

Total Cost per ton
Fuel 155, ~, 8 1,14, -
Power & Light 90, 6. 8 l, -. 1
. Repairs 350 50 2 - 7010

£564o 7. 2 £4o -011

Summary for Period of Triagls In Table 72 a

 |comparison of the drying cost: has been made for each

of the three years. N
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Table 72.
Drying Costs.
(per ton of Dried Grass)
1935 - 1936 1937

LabOU.I‘ £-o 9. 9 '9‘.19- - £"019. -
Fuel l. - 4 2. 1. 8'% 10140 -
Power -.14., 3 -.13. 3% 1, -. 1
. Repairs e ™o 9 - lo 6 - o 7.10
£2. 5. l £3015. 6 £4. -.11

The following comments may be made on the individual
items. |

Iabour: As noted, the labour cost per machine
hour in 1936 and 1937 was roughly 50% more than in
1955, Table 73 shows the 1nf1uénce of moisture
contant on the final results.
| Table 73.

Comparative Laoour Costs: Ransome Drier.

1935 1936.
' |Average moisture content ¢ 82% 859

Herbage producing 1 ton dried ‘

grass 100 cwt. 120 cwt,
Herbage fed per hour 10.25 cwt. 9.10 cwt,
Time required to produce 1 ton 95 hours 13 hours
Lebour cost per machine/hour 1/-d. 1/5.34d.
Labour cost per ton of dried

grass 9/9d. 19/-.

Fuel: A more detailed comparison of the fuel
costs,‘with separate date for each of the driers

‘lused in 1936 and 1937, is made in Tsble 74.
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Table 74,

Comparative Fuel Costs.

1935 1936 1937

Ransome
Price of fuel per ton 25/- 26/-  21/44
Fuel used per hour (cwt) 1.80 2.72 1.78
Cost per hour 2/1da 3/~ 2/4%
Output of dried grass per A
hour (cwt) 2.05 1.4 1.4

~Fuel cost per ton dried grass 20/4d 42/10d. 33/11d.

Petrie & McNaught.

Price of fuel per ton 23/4a 24/14.
Fuel used per hour (cwt) 2.52 2.23
Cost per hour 2/11d  2/94
Output of dried grass per hour (cwt) 1.6 1.6
Fuel cost per ton dried srass 36/6d  34/44
Combined fuel cost per ton ‘

of dried grass - 41/8324 34/-

The price of fuel did not vary appreciably over the

period. With regard to the Ransome drier, the

jconsumpt in 1936 was exceptionally hish owing to the

deteriorgtion of the furnace; the figures for the

other two years are roughly equal. The output of

dried grass fell from over 2 cwt per hour in 1935 to

less than 1% cwt and this markedly affected the fuel

cost per ton. The only feature of note in connexion

{with the Petrie & McNaught drier was the improvement -

in fuel consumpt after the first year's experience.
Both machines showed a disappointingly low rate of
output throughout.

Power: As shown in Table 75 the reduction in the
charge pef unit 4n 1936 and 1937 was offset by an

increased consumpt of electricity. This was the result
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of the longer time taken to dry the herbage of higher

to a cost of 2/1d per ton of dried grass, the

|
gy o

moisture content. The increase from 10 to 16 units:

in 1937 (Ransome) was due to the installation of a

larger driving motor which was considered necessary.
Tablé 75.

Comparative Power Costs.

Ransome Drier.,

1935 1936 1937

Units used per hour 9 10 16
Charge per unit 1.9d l1.04d 1.04d
Cost per hour - 1/533  10zd 1/54
Output of dried grass per

hour (cwt) 2.0 1.4 1.4
Power cost per ton - 14/3a 12/6d  20/3d

P. & M, Drier,

1936 1937
Units used per hour 13 17
Charge per unit 1.044 1.04d
Cost per hour 1/424 1/64
Output of dried grass per hour (cwt) 1.6 .
Power cost per ton 17/24 18/9d

It may incidentally be noted that the combined
costs (weighted means) for 1935 and 1936, when the
P. & M., drier was operated along with the Ransome, were
13/24 and 19/10d per ton respectively,

Repairss The cost per ton in 1937 was abnormally
high, From the details in Table 69 it may be noted
that £9. 8. 5 ﬁf the total expenditure of £35. 3. 2

was in comnexion with the Ransome. This is equivalent

corresponding figure for the Petrie & McNaught drier

(5/94 per ton) being high on account of experimental
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alterations in addition to repair.
(2) Baling,

;g§§: The baler avallable in 1935 had not been
designed for artificial grass drying, and was, in
fact, an old commercial model used as a makeshift..
The various items of cost are given below,

Labour: The type of labour employed was similar
to that used at the drier in 1935, viz. largely

youths and boys. A serious disadvantage, however,

was that four men were necessary. It may be noted that]

the cost of 1/10%d per baler hour shown in Tapble 76
was based on the total of 147 hours during which the
machine was operated. The welght of dried grass baled
was 4.5 cwt. per hour, and the resulting cost‘per
ton of dried grass was 8/3d. ,
Table 76.
Lebour Cost of Balings 1935.

Worker Man - Wages Labour Cost
hours Weekly Hourly Total Per hour
Grieve 131 40/- 8%d
Youth 200 25/ 5%1
Youth 113 20/- = 4%d
Boy 139 15/~ 3%d
583 5.6d £13,14. 3 1/10%d

Power: Motive power for the baler was supplied
by the tractor. As noted, the running expenses of
the tractor were spportioned on the basis of hours of
work done, and the amount of £10. 9. 84 charged to
baling was in respect of 147 hours at 1/5d per hour.
Sundriess Baling wire cost £3.10. 0. After being

wired the bales were encased in second-hand "beet pulp'

-
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bags as difficulty was experienced in making a firm
bale from short grass. These bags cost 4d each, and
1,000 were purchased for £16.15.5d.

Summary: The comblete baling costs are shown in

Table 77.
Table 77.

Baling Costs 1935.

Total Per ton Per 75 1lb Bale
Iabour £13.,14, 3 £=. 8. 3 Sgg
Tractor Power 10. 9. 8 - 6. 4 2
Baling wire 3.10, = - 2. 1 14
Bags ‘ 16.15, 5 -,10, 1 44

£44, 9.4  £1.6. 9 1024

1936¢ The second-hand baler used in 1935 had proved
costly to operate. It had to be used, however, for a
period of 106 hours at the beginning of the 1936 season
until the installation of a grinder had been completed.
In all, 20 tons of dried grass were baled at an average
cost of 38/8d a ton. Details are shown in Table 78.

Table 78, |

Baling Cost: 1936,

Total Cost per ton
Labour £16., 2. 4 £-.16. 2
Tractor power 7.10. 2 -s 7. 6
Wire lO . 50\ 9 -.10. 2
Bags 4.16.10 - 4.10
£38.13. 1 £1,18, 8

1937: A specially designed baler made by Messrs
Petrie & McNaught was used, and dealt with 38.6 tons,
or 43% of the season's output of dried grass.

Labour¢ The data in regard to labour cost are
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‘shown in Table 79. It will be noted that on 10
occaslons night shifts were worked. The average
length of working shifts was about 72 hours. Two men
were 1n attendance, but one of the workers was able to
gilve occasional assistance at tre drier, so that the
effectivecharge was'in respect of an average of 1.78 hours
labour for each hour the baler was operated. The
|resultant cost was 1/3d per hour.

| Table 79.

Labour Cost for P. & M, Balers 1937,

. Total Day Night

Shifts worked 63 53 10
Man-~hours 858 720 138
Man-hours per shift 13.6 15.2 13.8
Machine=hours 485 411 74
Ma.chine-hours per

shift 7.7 7.8 7.4
Man=hours per machine- '

hour 1.78 1.75 l1.88
Average hourly labour

rate 8.5d 8.4d4 8.8d4
Labour cost &30. 6, 2 £25. 4,11 £5, 1, 3
Cost per machine~-

hour. . 1/34 1/2.74 1/4.44

Power: Motive power was electricity, and the
charge amounted to £4. 1,10d. A small account of 5/7d
was also incurred for electric light on night shifts,

Bags: New sacks, each cagpable of holding a 70 1lb
bale, were purchased. The cost was 10%d each and
1,500 were bought., The expenditure, including
£2.19. 5 carrlage, was £72, 3. 2.

Repairs: A sundry item cost 7/6d.

SummarzgrAs 38.6 tons were baled in 485 hours,

the average rate of baling output was 1l.6 cwt. per houn,

L]
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%a festure which was responsible for fhe relatively
‘high coats per ton of dried grass. “he secks Weré
so0ld at the end of the sesason (when the trials were
terminated) and the price obtained resulted in a net
charge‘of £67: 3: 24, —?or costing purposes, however,
a charge based on the estimated life of the sacks has
been included in Table 80.

Table 80.

P. & M. Baling Costs:1957.

Total Per Ton

- Labour £30; 63 2 £~-215: 8
Power 4: 7: 5 -: 2: 4
Sacks 72: 3: 2 -: 63 -

" Repairs , =2 T3 6 -t ~: 2

2107 4 3 £l 43 2

# Tigtimated on normal life.

(3) grinding.

1936: A christie & Norris grinding mill was
‘linstalled in June 1936 and 60 tohs of the season's
oroduction of driéd grass were ground and bagged.

. Lzbour: The machine was operated for 719 hours at
5 labour cost of £24:11: O, or 8.2d. per machine hour.
The output of grass'meal'was only 1.6 cwt. ber hour, a
figure conciderably below the rated capacity of: the
machine (5 cwt. per hour). As tests confirmed that
the grinder was, in fact, easily capable of exceeding‘

this'figure, it was evident that the grinder was being
pperated in cdnjunction with the drier.

Power: The electricity used cost £14:11: 5d. the

pverage consumpt being 4.5 Kw. per hour.

o > i 5 € d~hand cotton bags
Ragss The expenditure on second ha v g
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The number bought would not have been sufficient to bag;

the 6C tons ground, but the product was disposed of in
lote by wholesale and the bags returned were reused.
Summary: The final grinding coste are shown in

Table 81.

mable 81.
Grinding Costs: 1936. ¢
Total Cost per ton
Labour £24:11: - £ -2 B: 2
Power 0 14:11: 5 -: 4:10
Bags 23: 9: 6 -: 7:10
£62:11:11 £ 1s -:10

It is reasonable to acsume that if the grinder had
been worked to capacity, i.e. with an hourly output of
af least three times the actual, the ifems for 1aboﬁr
and power would have been considerably reduced.

1937: Of the total season's output of 90 tons
dried grass, H5l.4 tons (or 577) were ground.  The
costs have been dealﬁ with under the heads of the
constituent items of expense.

Tabour: The labour cost of grinding is shown in
Table 82. The grinder was opefated»both by day and
night shifts, the latter being é in number. It was

founs necessary, however, to have the services of a..

second worker available for changing, Weighing,‘Sewing

and removing the bags of grass meal to the store.




Table 82.

| Labour Cost of Grinding:1937.

i
i

; ‘ Total Day Night
Shifts worked 57 48 9
Man-hours 710 548 164
Man-hours uner ghift 12.5 i8. 11.4
Machine-nhours : 387 306 81
Machine~hours psr shift = 0.8 2.4 3
kLian-hours per machine-hour T.ESB 1.78 2.028
Hourly lsbour rate 8.54. 8.34. 8.6,
Tabour cost: Grinding £13:10: 4 £10:12s 6 £2:17:1C
T.abour cost: Ragging 11l: 5:11 s 6: B 2:19: 3
Total labour cost 24:16; 3 18:19: 2 5:17: 1
Cost per machine-hour 1/3.458. 1/24. 1/5.33]

Thus the average number of man hours wag 1.83 for each
hour the grinder was run. The total number of machine
hours wags 387, the output being therefore 2.6 cwt. per
hour, This indicates that, as in 1936, the machine was
not used to capacity;

Power: TWlectricity consumed by the grinder cost
£10: 2: 14. Tn addition =n electric light bill of
6/2&. was incurred on night shifts.

Bagss Some 2,800 second-hand cotton bags, each
capable of holding roughly ¥ cwt. were purchased at a
cost (inclusive of carriage) of £53: 2: O. The bags
were disposed of at scrap prices at the end of the
season, ani the net expenditure was £48: 2: O,
eguivalent to 18/83. per ton of grass meal. For
costing purposes a figure based on the normal life of
the bage has been taken as 5/-.

Repairs: Belting was renewed (£1: 4: 4) a set of
beaters replaced (£2: 8:11) and the vent was repaired

(81: 6: 8). The total expenditure on repalrs was thus

£4:10:11.
Summary: The total prinding costs in 1937 are

‘l|detailed in Table 83. The cost per ton was equal to

p

24¢



' . 247

'that in 1936, but as already noted, this figure would
be considerably reduced if the grinder was operated to
Table 83.

Grinding Costs 1937,

Total Cost_per ton
Labour C£824:16s 3 £-: 9: 8
Power 10: 8: 3 ~: 4 1
Bags 48: 2: o -3 5y -
Repairs | 4:19:11 - 1311
~ g£BB: 63 5 £l: -3 8

capacity.

(4) overheads. A number of miscellaneous expenses
arose in connexion with grass drying.

1935: Overheads totalled £10:13:11 and included
telephone, postages, carriage and sundry purcheases.
In addition insurance premiums amounting to £5:11: 3
were palid in respect of workmen's compensation and

fire risks.

1936: The corresponiing total of miscellaneous
expenditure Aduring the second season was £14:17: 3, of
which £4: 3: 4 was for insurances.

1937: In 1937 overheadé amounted to £12:16: O of
which £7:16: 5 was in respect of insurances.

Summary: The costs per ton in the respective years

1935 to 1937 were 9/1Cd., 3/8d4., and 2/10d.

Summary of Total Working costs of Production: The

constituent items have already been dealt with. It
will be convenient, however, to summarise the costs per
ton for each of the differant stages of the grass

drying process. These are chown in Table 84.




Table 84,

i
f
|
|
Total Working Costs of Production of l
|
!
|
|
i

Dried Grass.

Raw material £2: 7: - £2: 8: - £33 6: 2
futting and delivering \

to drier 1l: 22 6 1: 9: 6 9: 2 5
Drying 2: 5: 1  3:15: 6 4y =311
Baling and ¢rinding 1, 6: 9 1: F: 4 2: 2: 4
Overheads ‘ -:-9:10 -3 32 8 -2 2310

£7:11: 2 £9: 2: £11:14: 8

The raw material costs in 1935 and 1936 are re-
’presentative'of the cost of producing grass by feftil-
ising a moderate acreage of grassland. The 1937 figure
is adversely sffected by the premature termination of
the trial in September. The cutting costs for the
first two years show the influence of moisture contents
of 827 and 857 respectively. The dryigg cost was
reasonably low in 1935 but increasee in labour rates,
and also a higher moisture content in the herbage raiéem
the costs in the following year. The experience with
both baling and grinding was largely experimental.
Althbﬁgh the actual results presented above do not
represent the lowest costs which could have been
obtained in farming practice, the data collected was
felt toibe sufficienfly detailed and related to actual
working conditions to afford a reliable basis for the

detailed discussion presented in the preceding part

of this study.




| ‘ 249

APPENDIX II.

RESULTS OF PLOT '
EXPERIMENT.S.




APPENDIX II,

RESULTS OF PLCT EXPERIMENTS,

. As noted on p.59 of the main text, plot trials
were initiated in 1932 in order to determine (1) tre
average yield of grass herbage under the typlcal
ciimatic conditions of the south-west of Scotland,
(11) the response of the sward to heavy dressings
of ertificial fertilisers, and (111) whether this
response could be maintained unimpaelred over a period
of years.

The site selected was a miXed pasture of no great
neriﬁ, a uniform section of which was mafked off into
rectilinear plots each of 1/40th of an acre, Four
different types of artificisl menuring were employed,
a pair of plots (the positions of which were decided
by random selection) being assigned to each type.

Prlor to the commencement of the experiments in
1932 all plots were limed end received a dressing of
farmyard manure at the rate of 10 tons per acre. In
1932 and the four subsequent years the plots received
dressings of potaéh, suﬁerpﬁosphate and/or nitrochalk,

as indicated in Table A, at the followlng ratess-

Potash salts (30% Kg0) 2 cwt.
Superphosphate (18% soluble Pg0g) 3 cwb.,
Nitrochalk (153% nitrogen) 18.6 cwt.

The potash and superphosphate were of course spplied

in single dressings: the nitrochalk was applied in
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three dressings at intervals depending on the rate of
growth of grass. .

The plots were cut perlodically by motor mower.,
The frequency of cutting was decided by the rate of
growth of the quickest grdwing plot, an attempt being
made to cut this plot when the herbage had reached a
height suitsble for dried grass production. This ideal
was, for various reasons, not always achievbd, a fact
which affects the year-to-year comparisons of yield
but not comparisons of yield within each year.

After the second year, in which there was a genéra]
fall In the level of the yields, it was considered
possible that lack of humus misht be a limiting factor,
It was decided, therefore, to apply to one of esach of
the duplicate plots a yearly dressing of 10 tons of
farmyard manure per acre, This unfortunately necessitat
abandoning the duplication of plots. It was felt
however that, since the differences to be looked for
were of a large order of magnitude, the added value
of the_informatioh obtained would compensate for the
lack of duplication. The experiments were concluded
Pfter five years! cutting, i.e. at the end of the
1936 season, |
RESUng.

Yield of Dry Matter.

The snmual yields of dried grass, expressed 1n
tons of dry matter per acre, are shown in Table A.

Plot 9 represents the control sward which remained

o

ed
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:untreated thfoughout the entire five-year period. It
will be seen that the yleld fell rapidly from 2% tons
to a constant level of 13 tons, this latter figure
being maintained for the last three years, fhe figure
of 21 tons presumably represents the yleld associated
ﬁiﬁh the initial 10-ton dressing of farmyard manure,
since the ylelds from Plot 10, which received this
dressing for each of the years 1934-36, remained
roughly at this level throughout the experiments.

At the other extreme Plot 1, which received full
dressings of all three artificial fertilisers, gave
vields varying from 3% to nearly 63 tons and averaging
at 4% tons over the entire period. The'figure for
1935 was exceptionally low, a fact which was partly
due to adverse weather conditions and partly to the
fact that only two out of the three dressings of
nitrochalk were in consequence applied.to all plots.

The most striking feature of the results for
Plot 1 was, however, the remarkably high yield
. jobtained in the fifth year, which was actually higher

than that of the first year, and was nearly double that

of the third and fourth years. Reference to Table B

indicates that this apparent recovery was probably

ssociated with the exceptionally favourable weather

f 1956, where April was unusually warm and the summer
onths unusually wet. Thus the rainfall for July

Was more than double the average and for August was

markedly higher than normal.

¥
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This climatic effect is confirmed by reference
to the differences hetween the yields from Plot 1 and
Plot 2, the latter recelving a dressing of farmyard
manure in each of the three year 1934-36, In 1934,
which was unusually dry, thére was a marked
difference between the yields of the two plotss in
1956 the difference was negligible, Such a result
might be expected, since in 1934 the water-retaining
effect of the farmyard humus would mitigéte the
effect of the drought: 1n 1936 molsture was so
abundant that the influendé of the humus would be
unnoticesgble. . )

The overwhelming effect of climate in determining
the yield of hefbage has been stressed on p. 52 of
the main text. The results of the plot experiments
fullyconfirm the conclusion there reached.

As rega%dé the remaining plots, the results fall
intermediately in the order wﬁich would be anticipated
With the odd-numbered plots (receiving no dressings
of farmyard manure) the two dressed with nitrochalk
showed markedly higher yields than the plot dressed

only with superphosphate and potash, though they both

fell below the level of Plot 1. With the even-numbered

plots (receiving annual dressings of farmyard ménure)
the differences were still apprecisble, but not so
marked as with the odd-numbered plotss the recovery
in 1936 was most definite.

Finally, in comparing the plots receiving an
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3 annual dressing of farmyard manure with those
receiving none, the effect of the added soil nutrients
1s quite clearly seen: the even-numbered plots
yielded, on an average, practically oné ton of dry

matter more than the odd-numbered plots.

Recovery of Added Soll Nutrients.

Determinations of nitrogen were carried out on
all samples of herbagebremoved from the plots. In
addlition by applying mean values, it was possible to
estimate the total amounts of lime, phosphate and
potash removed each year in the herbage. In Table C
thésé various values, calculated for the full five=-
year period, have been equated against the nutrients
supplied to the soil in the form of farmyard manure
and/or artificial fertilisers. In all calculations
allowances have been made for the unexhsasusted
manurial constituents remsining at the end of the
experiment.

It will be seen from Table C that as regards lime
there was a marked positive balance, amounting to from
1l to 2 tons, in all the plots. This confirms the
conciusion of Woodman(lv) that grass drying does not
seriously rob the soil of calcium, It may be noted
that Plots 1 to 6 showed lime balances which roughly
double those of Plots 7 to 10:; this is, of course,
attributable to the high lime content of the nifrochalk

As regards phosphate, the only losses exceeding
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{ 1 cwt of Py0g spread over the five-year period are
those shown by Plots 3 and 4, which received no
dressings of superphosphate. The dressings of
nitrochalk resulted in a moderately high yield of
herbage, and = correspondingly increased removal
of phosphate in the plant tissues. From the high
yields of dry matter in 1996 (Table A), however, it doés
not appear that this level of loss cean have constituted
a limiting factor to growth., The same general
conclusion may be drawn from the potash figures,
though here the losses were very much more marked,
emounting in Plots 1 to 6 to roughly half a ton of
Eg0 over the five-year period.

The most significant figures are those for the
nitrogen balances. From the results for Plots 1 to
6, all of which received nitrochalk, it appears that
logs of nitrogen never constituted a limiting factor:®
all the plots showed positive nitrogen balmnces., Thes¢g
'balances were somewhat lower for Plots 1 and 2, 1.e.
the efficiency of the nitrogen utilisation was
somewhat higher with the fully dressed plots. On
the'otheplmnd, comparison of the results for Plots 7
to 10, which received no nitrochalk with those for
Plots 1 to 6 bears out the contention in the main
| text (p.67 ) that failure to apply adequate manurial
dressings results in a gradual loss of soil fertility:
without exception these plots showed negative

nitrogen balances, i.e. the herbage removed more

-
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nitrogen than was spplied. How far this continued
loss 1s 1likely to be replaced by direct nitrogen
fixation is a moot point: but.it is clear from the
| dry matter yields of Plot 9 (Tsble A) that the level
of productivity falls, undér such conditions, to a

comparatively low level,

Effect of Dreésings on Nitrogen Content
" of Eerbage.

 One further point is of significance in so far
. as the nutritive value of the herbage 1s concerned.,
An examination of the analyses of the dry matter

of the herbage derived from the various plots
indicates that the dressinzgs of nitrochalk exerted a
marked beneficlial effect on nitrogen content. This
is most clearly 1llustrated in the frequehcy
d;étributions shown in Teble D, where the nitrogen
contents have for convenience been converted into
terms of crude protein, It will be seen from the
second an® fourth columns of this table that the plots
dressed with nitrochalk (whether with or without
annual‘dressings of 'farmvard manure) gave a merkedly
higher proportion of samples at the higher levels of
crude protein than the untreated plots (third amd
fifth columns).- Thus the highest frequencies of the
nitrochalk plots fell within thev20.0-22.9% range,
whlle those of the untreated plots fell within the
17.0-19.9% raﬁge. Again the sixth and seventh

columns show that while 38%of all the nitrochalk




| plots were above the 23% level, only 10 % of the
untreated plots reached this figure,

One further point is of significance'in relation
to practical grass drying. In the eighth column
typical figures obtained'for the crude protein
contents of the dry matter of commercially produced
dried grass (from the Institute's grass drying trials,
are avallable for comparison with those for the
erude proteih of the plot samples., The commercially
produced samples show‘crude protein contents of a
definitely lower range of values than those of even
the untreated plots, while in comparison with the
nitrochall plots they are very significantly lower, =
the highest proportion of samples falling in the
14.0-16.9 group. There is no doubt that this very
marked difference 1s gssoclated with the stage of
growth of the plant, the plot samples having been cut
by machine mower under control conditions, and the
commercial samples having had to be cut at Intervals
which were dependent on the exigencles of practical
grass drying. It has already been stated in the
main text (p.97 ) that delays in cutting, which are
all too frequently assoclated with practical grass |
drying, lower ithe.protein content and therefore the
nutritive velue of the resulting herbagzge. Comparison
of column 7 with the remaining columns of Table D

indicate the serious extent of this reduction.
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Table A, Yields of Dried Grass, expressed

in tons of dry matter per acre,

Nitrochalk Nitrochelk Mtrochalk - -
Annual Super=- - Super- Super=- -
:Iressings phosphate phosphate phosphate
Potash Potash Potash -
Plot No. 1 2 3 4 5 6 7 8 9 10
1932 5.4 5.0 4.4 4.5 4.54,8 3,24.,0 2.6 2.9
1933 4.4 4.0 4.3 4.2 4.3 4.5 2.8 3.3 2.2 2.5
1934 3.7 4.7 3.0 3.7 2.8 3.7 2.2 3,6 1.6 2.9
1935 3.0 3.3 2.8 2.8 2.8 3.2 1.8 2.4 1.7 2.0
1936 6.3 6,4 4,6 5,5 3.3 6,0 2.1 3.8 1.6 3.2
Mean for
five-year
period 4,86 4,7 3.8 4,1 3.5 4,4 2.4 3.4 1.9 2.7
Mean for | '
1932"35 J 4.9 4.5 4.3 4.3 4.4 406 . 5.0 3.6 204 2.6
Mean for . ,
1934-36 4,2 4,8 3.5 4,0 3.0 4,3 2.0 3.3 1.6 2.7

|
|
|
|
|

*The even-mmbered plots received a
dressing of farmyard manure in each
of the years 1934, 1935 and 1936.
The yields of these plots are shown
underlined, Only two dressings of
nitrochalk were applied in 1935, in
place of thfee for the remaining
years.




Table B. Monthly Rainfall - in inches.

i
i
i
;
|
|
|

| Total for

iSeason April May June July August September six months
1932 3.1 2.6 1.5 3.0 1.5 4.5 16.2
1933 1.8 1.9 1.9 3.0 2.5 1.0 12.1
1934 1.9 2.9 2.2 1.6 2.9 - 3.7 15.2
1935% 2.5 0.6 2.5 0.6 1.6 4.3 12,0
1936+ 0.6 2.2 2.3 5.6 3.8 3.3 17.8

*Tn May 1935 severe frosts were recorded;
in July and August the rainfall was
exceptionally low.

+In April 1936 the weather was unusually
warm and sunny; Iin July and August the
rainfall was exceptionally high, combined
with reasonably warm atmospheric
conditions. ' :

2
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. Nitro-

Potash,ﬁphatef

Table C. Relation between Nutrlents applied’

in the Fertilisers and removed in the herbage

~(Figures expressed as cwt. Ca0, N, Pg0s5 and
Ko0 respectively per five-year period).

PotaSh 00‘7 1.6 0.7 1.6 - - 007 106 -

Mitrochalk Nitrodwlk Nitrochalk - . -
Annual Super=- - Super=- Super=- -
dressingd phosphate phosphate phosphate
Potash Potash - Potash -
Plot No, 1 2 3 4 5 6 7 8 9 10
(Applied 44.0 50.8 41.5 48,3 44,0 50.8 20,7 27.5 18.2 25.0
(Removed 4,5 4,7 3.8 4,2 3,5 4.5 2.4 3.3 1.9 2.7
Balance+3§.5 i;a OI i54o: i44 .I iqa og i;g.s +I§ '5 ié;.ﬁ"Ié 03 iéé-:g
Applied 14,4 16.5 14.4 16.5 14.4 16.5 1.0 3.1 l1l.0 3,1
Removed 13,6 14.2 11.8 12,8 10.9 13.8 6.3 9.4 4.9 %.3
Balance F0.8 F2.8 ¥2.6 ¥3,7 T3.5 F2,7 =5.,3 «b,5 =3,9 =4,2
lApplied 2.8 3.7 0.5 1.6 2.6 3.7 8.6 3.7 0.5 1.6
;Removed 3.6 ) 3.7 3.1 5.3 2.8 306 1.9 2.7 105 2.2
Balance -1.0 - -2.6 -107 -002 +6'I +o¢: IIOO -IOO _6&%’
Applied 3.3 5.4 3.5 5.4 1.0 3.1 3.5 5.4 1.0 3.1
;_R_.'emoved 15.6 1401 11.5 12.5 10.6 1504 7.5 10.3 5.8 8.1
Balance -10.5 "8.7 -8.2 "'17.1 -906-1003 -4 .0 -Iog -408 -5.0
Lime 0.8 3.6 - 2.8 0.8 3.6 0.8 3.6 - 2.8
: 3
Nitrogen = 0.9 - 0.9 ‘= 0.9 - 0.9 - 0.9
Phosplate 0.6 1.1 =~ - 0.6 1l.1 0.6 1l.1 = ' 0.5
0.9

. #In addition to the annual dressings (which
included farmyard manure on even-numbered
plots for each of the years 1934, 1935 and
1936) the figures for nutrients include the

, original dressings of lime and farmyard
manure which were applied prior to 1932.
Allowances have been made for the unexhausted
manurial values of the fertilisers., The
balances of unexhausted values at the end of
the 1936 seasaqn are given at the foot of the
table.

)
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Effect of Dressings on Botanical
Composition of Herbage.,

At the outset of the plot trials a survey of the
botanical composition of the herbége was not
contemplated., As the trials proceeded marked differences
in the herbasge were, however, noticeable even on
casual examination, and it ﬁas accordingly-decided to
make a detailed botanical analysis of the sward of the
un-manured and of the completely manured plots at the
termination of the five-year period.

The technique employed was a modification of
Fenton's Point Quadrat Method, using a ten~polnt row
of prongs spaced at two-inch intervals. A summary of
the results is set out in Table E.

Comparing Plot 1 {fully manured with artificials,
but without annual applications of farmyard manure )
with Plot 9 (no artificials or farmyard menure), 1t
will be seen that, whereas the sward of the latter
consisted of practically one-third of weeds and one-
quarter of second-rate grasses, that of the former
consisted almost entirely of first-rate grasses, 1.e.
pfedominantly of rye grass and cocksfoot, Thls very
marked improvement was, 1t is true, accompanied by a
virtual dissppearance of legumes, a finding which
appears to be inseparable from a policy of heavy
nitrogenous menuring combined with continuous close
cutting. _ |

From the results of plot 10 (no aftificials but
with annual applications of farmyard manure) it is

spparent that the nutrients of the farmyard manure
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also markedly improved tre sward, the proportion
‘of valuable grasses being doubled, and of weeds being

reduced to one quarter in comparison with Plot 9.

With Plot 2 (full artificials plus farmyard manure)
the botanical composition was, of course, practically

identical with that of Plot 1.

S R S LN T

Table E. | ;

Botanical Analysis of Experimental Plots.

Percentage incidence
Plot Nature of dressing Valuable Second- legumes Weeds

applied grasses rate
grasses
1l Nitroehalk, super- o7 3 - -
phosphate and potash :
2 ditto, plus farmyard 97 1 1 1
manure .
9 None 27 24 10 29

10 Farmyard manure only 61 14 18 7




